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Plenary Presentations 

 

 

 

Topic #1: Microbiotech in Health & Disease 

 

 

SARS-CoV-2 variants - the steering wheel of public health and governments 

 

João Paulo Gomes 

 

In December 2019 a new coronavírus (SARS-CoV-2) emerged in Wuhan, China, and rapidly 

spread to the rest of the world causing the COVID-19 pademic due to its incredible transmission 

capability. The vast majority of the countries in order to control the spread of the disease and 

avoid the collapse of the health care systems adopted unprecedented confinement measures.  

In late September 2021, about 230 million COVID-19 cases had already been reported 

worldwide, as well as about 4.7 millions deaths. Despite being a virus characterized by a low 

mutation rate when compared with the typical RNA virus, SARS-CoV-2 showed a tremendous 

adaptation capability by presenting mutations in its major surface protein (Spike) that enable it 

to increase its transmissibility and/or somehow evade our immune system. This essentially 

relies on multiple dissimilar combinations of a small set of well known mutations in Spike, which 

are the basis of the classification of SARS-CoV-2 into “variants” of interest or of concern, by 

the World Health Organization. These variants have been monitored since the beginning of the 

pandemic by whole genome sequencing approaches, allowing the scientific community to 

understand SARS-CoV-2 worldwide phylodynamics.  

This presentation aims at presenting an overview of the process enrolling the monitoring of 

SARS-CoV-2 variants worldwide as well as its impact in the application of national and 

international public health measures and in political decision sometimes affecting diplomatic 

relations.   
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3D culture strategies to address cell microenvironment remodeling in disease and 

therapeutic response 
 

Catarina Brito1,2 

1iBET, Instituto de Biologia Experimental e Tecnológica, Oeiras, Portugal; 2Instituto de Tecnologia Química 

e Biológica António Xavier 

 

The cell microenvironment modulates physiological functions, pathological processes, and 

response to therapy. There is increasing recognition that the dynamic and complex crosstalk 

between the different cellular players of a specific tissue influences disease progression and 

therapeutic response. This crosstalk is mediated by direct cell-cell contact and indirect 

interactions via the heterogeneous molecular components secreted to the extracellular space 

(e.g., extracellular matrix, soluble factors, extracellular vesicles). A major challenge in 

deciphering the crosstalk mechanisms and predicting their effect on drug efficacy is the lack of 

human cell models that depict the dynamics of the cellular and extracellular spaces without the 

confounding effects of heterologous extracellular matrix and soluble factors. To overcome 

these limitations, our team develops 3D cell models of disease applying advanced cell culture 

approaches (3D culture, co-culture, cell immobilization) and systems (perfusion, bioreactors) 

to human pluripotent stem cells and other patient-derived cells. I will discuss data from the two 

main research lines of the Lab: inflammatory neuronal microenvironments; 

immunosuppressive tumor microenvironments and immunotherapies.   
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Topic #2: Microbiotech for a Sustainable Future 

 

 

Potentials of synthetic biology for fine and speciality chemical production 

 

Eriko Takano 

University of Manchester, Manchester, UK 

 

We aim to design and construct organisms with new functionalities by exploiting synthetic 

biology for metabolic engineering in the context of chemical production. As a first step towards 

re-engineering these chemical pathways for enhanced productivity and diversity, we aim to 

understand the interchangeability of biosynthetic parts and have designed and assembled 

pathways using these parts (Cummings et al., PLOS Biol, 2019) and will engineer orthogonal 

circuits based on signalling molecule circuits (Biarnes-Carrera et al., ACS Synth Biol 2018). In 

addition, we are expanding our collection of computational tools for the detection and analysis 

of secondary metabolite biosynthesis gene clusters, to enrich our library of parts and building 

blocks for pathway engineering (Del Carratore et al., Commun Biol 2019). We use 

computational constraint-based modelling to pinpoint biosynthetic bottlenecks to target for 

further cellular engineering in a synthetic biology strategy (Amara et al., BMC Genomics 2018). 

We combine this analysis with high-resolution MS analysis, which we also employ for the 

debugging of the engineered systems (Nitta et al., Front Bioeng Biotechnol 2020). This finally 

leads to the completion of the cycle by learning rules for efficient design (Jervis et al., ACS 

Synth Biol 2018). By exploiting all these tools in the Design/Build/Test/Learn cycle, the 

Manchester Synthetic Biology Research Centre, SYNBIOCHEM, provides a platform for the 

high-throughput engineering of fine and speciality chemicals production in microbial systems 

(Carbonell et al., Communications Biology 2018; Robinson et al., Metab Eng 2020; Dunstan 

MS et al., Synthetic Biolog 2020). 
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Topic #3: Food and Environmental Microbiotech 

 

 

Antimicrobial resistance in the ecosystem: some recent advances 

 
 

Yong-Guan Zhu1,2 

1Institute of Urban Environment, Chinese Academy of Sciences, Xiamen China; and 2Research Centre for Eco-

environmental Sciences, Chinese Academy of Sciences, Beijing, China 

 

The microbiome contributes to ecosystem sustainability and human health through complex 

interactions between the physical environment and other organisms residing in that 

environment. Nonetheless, most microbiome studies have been focused on individual hosts or 

particular environmental compartment, thus limiting holistic understanding of the processes 

and functions performed by the microbiome and the dynamics of microbiomes at an ecosystem 

level. Given the enormous diversity and functions performed by ecosystem microbiomes, in 

this presentation, I will use antimicrobial resistance (AMR) as an example to propose that the 

theory and tools of ecosystem ecology can be used to investigate the connectivity of 

microorganisms within entire ecosystems and to examine their interactions and contributions 

to ecosystem services. Although antimicrobial resistance in ancient in the environment (soils 

in particular), extensive use in humans and animal farming has caused widespread of AMR 

contamination of the environment. Both urban wastewater treatment plants and intensive 

animal farms are major sources of AMR pollution in the environment. Once anthropogenic AMR 

enters the environment, is can be spread through mass microbial movement within the 

ecosystem, and can be transported through various pathways at regional and even global 

scales. AMR within the ecosystem can be cycled between humans, animals, plants and the 

environment, and we should adopt the One Health framework in assessing microbial cycling. 

To better understand the risks associated with AMR in the ecosystem and to develop mitigation 

technologies, we must characterize the fluxes of AMR between different environmental 

components and delineate the driving forces underpinning the fluxes. Furthermore, AMR 

pollution should be investigated by using culture-independent and culture-dependent 

approaches. 
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Topic #4: Impact of Microbiotech in Society 

 

 

Startup Lessons from a Bio-Entrepreneur Turned Investor 

 

Cristian Hernandez, Zentynel Frontier Investments, Santiago, Chile 

 

A molecular biologist turned entrepreneur who subsequently morphed into a venture 

capitalist shares what he has learned from several years on both sides of the table, and 

how he uses this experience to invest. 

 

The goal of this lecture is to provide the audience with a blueprint on how to launch, run, and 

fundraise for your biotech startup. The idea is to share unique insights to help bio-

entrepreneurs understand what things to do and what things not to do when it comes to 

fundraising. Getting from idea to traction is the hardest part of the entrepreneurial journey. If 

you are having trouble figuring out how to go about building your startup, this is the lecture to 

attend. 

Going from a scientist to an entrepreneur and then to an investor was a significant career 

transition in my life, but it proved to be a smart move. Investing is a tricky game where success, 

similar to research, does not come overnight. Give it some time and do not be afraid to take a 

few risks. Attending this lecture might just pay out in the end! 
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Topic #5: Cool tools in Microbiotech 

 

 

Electrochemical detection of single nucleotide polymorphism associated with 

rifampicin resistance in Mycobacterium tuberculosis using solid-phase primer 

elongation with ferrocene-linked redox-labelled nucleotides 

 

Mayreli Ortiz,1 Vasso Skouridou,1 Miriam Jauset-Rubio,1 Diana Machado,2 Miguel Viveiros,2 

Taane Clark,2,3 Anna Simonova,4,5 David Kodr4,5, Michal Hocek,4,5 and Ciara K. O’Sullivan1,6 

1 Departament d’Enginyeria Química, Universitat Rovira i Virgili, Avinguda Països Catalans 26, 43007 

Tarragona, Spain. 

2 Global Health and Tropical Medicine, GHTM, Instituto de Higiene e Medicina Tropical, IHMT, Universidade 

Nova de Lisboa, Lisbon, Portugal 

3 Faculty of Infectious and Tropical Diseases, London School of Hygiene & Tropical Medicine, WC1E 7HT 

London, UK 

4 Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Flemingovo nam.2, 16610 

Prague 6, Czech Republic. 

5 Department of Organic Chemistry, Faculty of Science, Charles University, Hlavova 8, 12843 Prague 2, Czech 

Republic 

6 Institució Catalana de Recerca i Estudis Avançats, Passeig Lluis Companys 23, 08010 Barcelona, Spain 

 

We describe the electrochemical detection of single point mutations using solid-phase 

isothermal primer elongation with redox-labelled oligonucleotides. A single-base mutation 

associated with resistance to rifampicin, an antibiotic commonly used for the treatment of 

Mycobacterium tuberculosis, was used as a model system to demonstrate a proof-of-concept 

of the approach. Four 5’-thiolated primers, designed to be complementary with the same 

fragment of the target sequence and differing only in the last base, addressing the polymorphic 

site, were self-assembled via chemisorption on individual gold electrodes of an array. Following 

hybridisation with single stranded DNA, Klenow (exo-) polymerase mediated primer extension 

with ferrocene-labelled 2’-deoxyribonucleoside triphosphates (dNFcTPs) was only observed to 

proceed at the electrode where there was full complementarity between the surface-tethered 

probe and the target DNA being interrogated.  We tested all four ferrocenylethynyl-linked 

dNTPs and optimized the ratio of labelled/natural nucleotides to achieve maximum sensitivity. 

Following a 20 min hybridisation step, Klenow (exo-) polymerase mediated primer elongation 

at 37ºC for 5 minutes was optimal for the enzymatic incorporation of dNFcTPs, achieving an 

unequivocal electrochemical detection of a single-point mutation in 14 samples of genomic 
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DNA extracted from Mycobacterium tuberculosis strains. The approach is rapid, cost-effective, 

facile and can be extended to multiplexed electrochemical single point mutation genotyping.  

 

 

Figure1: Schematic representation of SNP detection via electrochemical detection of solid-phase 

primer elongation 
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Antibiotic translocation across bacterial membranes and bacterial susceptibility, 

concepts & methods 

 
 

Jean-Marie Pagès1, Julia Vergalli1, Anne Davin1, Muriel Masi1, Estelle Dumont1, Aurélie 

Ferrand1, Matthieu Réfrégiers2, Paolo Ruggerone3, Mathias Winterhalter4. 

1 UMR_MD1, U-1261, (Aix-Marseille Univ.-INSERM), Marseille FR 

2 Synchrotron SOLEIL, Gif-sur-Yvette, FR 

3 Dept of Physics, University of Cagliari, IT 

4 Dept of Life Sciences and Chemistry, JUB, Bremen, DE 

 

In Gram-negative bacteria, antibiotic resistance is mostly associated with the presence of 

mutations and enzymatic barriers that can be anticipated and magnified by a decreased 

penetration and an increased active efflux. Consequently, the ability of an antibiotic to reach 

effective internal concentrations is a key factor for their antimicrobial activity. This is illustrated 

by three definitions/concepts, the SICAR (Structure Intracellular Concentration Activity 

Relationship), the RTC2T (Resident Time Concentration Close to Target) and the DEK (Dose 

for Early Killing) That have been proposed for quantifying the dose-activity of antibiotics. These 

concepts have been recently applied by using various methods and protocols allowing us to 

follow the accumulation and killing rate on strains exhibiting various membrane phenotypes. 

By using this method, we have ranked fluoroquinolone molecules for influx-efficiency and 

efflux-sensitivity and correlated with their respective activity.  

All these efforts pave the way for rational chemical-pharmaceutical modulations of antibiotics 

making them more permeable to Gram-negative membranes and less efflux-sensitive, thus 

more effective to attack resistant bacteria exhibiting membrane-associated mechanisms of 

resistance. 

 

Key words 

Gram negative bacteria, Drug translocation & Membrane transporters, Efflux, MultiDrugResistance, Fluorimetry 

& mass spectrometry,Small molecules quantification. 
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Keynotes 

 

1.1 Zoonoses, emerging and re-emerging diseases: virology, bacteriology, 

mycology and parasitology 

 

 

SARS-CoV2 a threat across the human-animal-environment dimensions: how the 

prediction, prevention, detection and response to emerging infectious diseases needs 

a new technological boost  

  

Carlos G. das Neves1,2, Hannah J. Jørgensen1,3   

1Norwegian Veterinary Institute, Oslo, Norway; 2UiT The Arctic University of Norway, Oslo, 

Norway; 3ILRI International Livestock Research Institute, Nairobi, Kenya  

 

The ongoing COVID-19 pandemic has highlighted the importance of understanding that 

disease emergence is rooted in human interaction with the biodiversity of microbes and their 

reservoir host species. As much as 75% of emerging infectious diseases (EID) “jump species” 

from nonhuman animals to people, with wildlife playing a key role. While microorganisms have 

their own evolutionary pathways, two recent reports by IPBES and UNEP have highlighted 

several drivers (pathways) for zoonotic events: increased demand for animal protein; increased 

used and exploitation of wildlife; unsustainable agricultural intensification; globalization; 

changes in food supply chains; unsustainable use of natural resources and land use change; 

climate change.  

Pathogens, such as coronaviruses (CoVs) co-evolve with their hosts. This is driven by genetic 

diversity that is selected through evolutionary pressures. Mutations that confer greater fitness 

can be selected and lead to antigenic drift (and evade the immune response).  

The likely animal origin of many of these viruses allied to the different mechanisms for viral 

evolution pose a threat for spillover events back to nonhuman animal species (reverse 

zoonoses). This has now been demonstrated experimentally for SARS-CoV2 in more than a 

dozen non-human animal species. More concerning, natural infections have been reported in 

cats, dogs, farmed mink, ferret, tigers, lions, puma, snow leopards, gorillas, otters and white-

tailed deer. The situation in mink is particularly relevant as the so far only known example of 
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viral evolution within the animal host that led to a new human infection with a new strain.  The 

recent description of SARS-CoV2 infection in white-tailed deer in Northern America across a 

large geographic area and in animals with little or no contact with humans is another factor of 

concern. All this highlights the possibility of permanent non-human reservoirs for SARS-Cov2 

that can have an impact on whether SARS-Cov-2 will become endemic in the human 

population, and should therefore help drive efforts for integrated One Health surveillance 

systems across the human-animal-environmental interface.  

Monitoring and surveillance is key to prevention, preparedness, response, and recovery. To 

ensure that prevention is effective, an integrated, multi-systems monitoring and surveillance 

system for infectious agents and their risk factors is essential, and must be strongly built on 

synergies between disciplines and the use of innovative technologies and data 

sharing. Integrated OH surveillance systems should include and connect data that identify risk 

factors for disease emergence in wildlife, companion animals, livestock, the environment (e.g., 

soil and water), and humans.  
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1.2. Microbiome-in-health-and-disease-microbial-diversity-and-host-

microbes-interactions 

 

 

Pathogens and the microbiome: antibiotics at the crossroad 

 

Martin J. Blaser, M.D. 

Rutgers University 

New Brunswick, New Jersey USA 

 

Why have so many diseases erupted in the last 70 years?  

These disorders include asthma, obesity, allergies, auto-immune diseases, autism spectrum 

diseases and other neurodevelopmental disorders, and others. If 10 diseases rise more or less 

synchronously, do they have 10 different causes, or is it more parsimonious to consider that 

there is a single cause underlying them all? I hypothesize that such a factor is a change in the 

human microbiome. Just as tectonics or global warming, each a single process, can have 

multiple disparate consequences, so could microbiome disruption play out on the stage of 

human health and disease. There is much evidence that this idea, which I call The Theory of 

the Disappearing Microbiota, is correct.  Multiple changes in modern life in industrialized 

countries could play roles. However, for now I focus on antibiotics, whose introduction into the 

practice of medicine generally coincides with inflection points in the incidence of these 

diseases, and that are sufficient in the scale of human exposure, especially in 

childhood, and with selective anti-bacterial power to be major influences. Multiple 

studies now associate early life antibiotic exposure with increased disease risk. Antibiotic 

exposures may paradoxically increase risk for infections unrelated to the ones for which they 

are being used. Added to association are experimental studies in model systems that provide 

consistent evidence of causal roles, crossing host generations. This represents a serious and 

increasing problem that requires directed solutions. These include developing strategies 

for better utilization of antibiotics in out-patient clinics and in the hospital limiting the extent of 

their use, as well as developing narrow spectrum approaches to anti-bacterial activities, and 

strategies for restoration of depleted or missing microbes and their host-signaling modalities 

and pathways.  
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1.3 Microbiology & Biotechnology in COVID-19: new approaches for new 

diseases 

 

 

Signatures in SARS-CoV-2 spike protein conferring escape to neutralizing antibodies 

 

Marta Alenquer1, Filipe Ferreira1, Diana Lousa2, Mariana Valério2, Mónica Medina-Lopes1, 

Marie-Louise Bergman1, Juliana Gonçalves3, Jocelyne Demengeot1, Ricardo B. Leite1, 

Jingtao Lilue1, Zemin Ning4, Carlos Penha-Gonçalves1, Helena Soares3, Cláudio M. Soares2, 

and Maria João Amorim1 

1 Instituto Gulbenkian de Ciência, Oeiras, Portugal 

2 Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa; Oeiras, Portugal. 

3 Centro de Estudos de Doenças Crónicas, Nova Medical School, Universidade Nova de Lisboa; Lisboa, 

Portugal. 

4 The Wellcome Trust Sanger Institute, Hinxton, UK. 

 

Understanding SARS-CoV-2 evolution and host immunity is critical to control COVID-19 

pandemics.  SARS-CoV-2 entry into cells is initiated via the spike protein, displayed at the 

virion surface, that binds the host angiotensin-converting enzyme 2 (ACE2) receptor. Serum 

neutralizing antibodies, shown to develop upon natural SARS-CoV-2 infection or vaccination, 

bind spike preventing the recognition by ACE2 and, consequently, infection. However, 

mutations in spike impacting antibody and/or ACE2 recognition are constantly emerging 

worldwide, imposing the need to monitor SARS-CoV-2 evolution and dynamics in the 

population. Determining signatures in SARS-CoV-2 spike protein that render the virus resistant 

to neutralizing antibodies and vaccines ineffective is critical. Using spike-pseudotyped lentiviral 

particles, we tested how single and a combination of mutations naturally occurring in spike, 

including in variants of concern, synergize to promote immune escape. We then integrated 

these findings with in silico analyses of amino acids binding to ACE2 and to antibodies. We 

found that changes in amino such as E484 and S494, which frequently interact with antibodies 

but not with ACE2, promptly evolve immune escape mutants, if the mutation severely alters 

the binding specificity of the antibody. Our work also suggests that the combination of these 

mutations with others promoting ACE2 binding, such as N501Y, increases their ability to 

escape neutralizing-antibody responses. 
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1.4 & 1.6 Biopharmaceuticals & Vaccines: design, analytical methods and 

bioprocessing opportunities 

 

 

Two-Component Nanoparticle Vaccine Displaying Glycosylated Spike S1 Domain 

Induces Neutralizing Antibody Response against SARS-CoV-2 Variants 

 

Gorben Pijlman 

 

Vaccination is essential to reduce disease severity and limit the transmission of severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2). Protein-based vaccines are useful to 

vaccinate the world population and to boost immunity against emerging variants. Their safety 

profiles, production costs, and vaccine storage temperatures are advantageous compared to 

mRNA and adenovirus vector vaccines. Here, we use the versatile and scalable baculovirus 

expression vector system to generate a two-component nanoparticle vaccine to induce potent 

neutralizing antibody responses against SARS-CoV-2 variants. These nanoparticle vaccines 

can be quickly adapted as boosters by simply updating the antigen component. 

 

https://journals.asm.org/doi/10.1128/mBio.01813-21 
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 RNA as biopharmaceuticals – the challenges behind bioprocessing 

 

Fani Sousa 

1 CICS-UBI – Health Sciences Research Centre, University of Beira Interior, Av. Infante D. Henrique, 6200-

506 Covilhã, Portugal 

 

Research on RNA-based therapies have been emerging in the last years, and very recently an 

incredible enthusiasm arose from the success of mRNA vaccines to tackle the COVID-19 

pandemic. These nucleic acids hold the extraordinary potential to be exploited either as 

biomarkers or as therapeutic agents in certain pathologies. Indeed, RNA-based therapeutics 

have been proposed in many disorders and some even reached clinical trials. However, to 

prepare an RNA product suitable for pharmacological applications, certain characteristics must 

be considered like the quantity required, the product quality, purity, stability, safety, and 

bioactivity. So, to advance with the application of RNA as biopharmaceuticals it is imperative 

to overcome the problems associated with the production, purification, and stabilization of 

RNA. Conventional methods for RNA production include the chemical or enzymatic synthesis, 

but some problems are still identified, mainly related with the scale of production and stability 

of RNA. Regarding the purification of RNA, it is recognized the enormous challenge of 

selectively isolate the target RNA from other similar contaminating species. Thus, the new 

trends on RNA bioprocessing include the research on RNA production by recombinant hosts 

and the improvement of the purification strategies, envisioning the establishment of effective 

and selective methods, to obtain RNA with high quality, suitable for pharmaceutical application. 

In this case, affinity methods have been largely explored as alternative methods to achieve the 

required purity for therapeutic application. Of course, all the process cannot disregard the 

stability of RNA, as it is a critical parameter for the effectiveness of this product. Several 

approaches have been investigated in this field, namely by studying novel compounds as 

excipients candidates that can guarantee the stabilization of RNA for medium/long-term 

storage, while maintaining its bioactivity. 

Overall, it is obvious that the emergence of RNA as a therapeutic agent is highly dependent on 

the improved understanding of the molecular mechanisms of disease, as well as on the 

innovation in the processes of production, purification, stabilization, and delivery of this 

biopharmaceutical. 

 

Acknowledgements: This work was supported by the project PTDC/BII-BBF/29496/2017 (PUREmiRSILs) 

funded by FEDER, through COMPETE2020 - POCI, and FCT/MCTES, and the projects UIDB/00709/2020 and 

UIDP/00709/2020.  
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1.5 Antimicrobial Resistance in One Health: the silent pandemics 

 

 

Antimicrobial resistance in One Health: the silent pandemic on human health 

 

Jodi A Lindsay 

Institute of Infection and Immunity, St George’s, University of London, UK. 

 

Antimicrobial resistance (AMR) is a global problem that is predicted to cause 10 million deaths 

and cost the global economy $100 trillion by 2050. A range of pathogens cause a range of 

infection types, including those passed to and from animal reservoirs. As we lose effective 

treatments, we also lose the ability to prevent infection with prophylactic antimicrobials, placing 

an increasing burden on healthcare.  The solutions to the AMR problem are multidisciplinary 

and include new therapies, vaccines, improved diagnostics, stewardship and surveillance.  

Public education and sanitation programmes play a key role, and continued support for 

research funds and training, political pressure and global alliances will be essential. 
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Antimicrobial resistance in One Health: the silent pandemic on the animal and 

environmental settings 

 

Constança Ferreira Pomba 

Faculty of Veterinary Medicine, University of Lisbon, PT. 

  

The One Health approach recognizes that the health of people is closely connected to the 

health of animals and our common environment. The One Health concept is not a new one but 

has become increasingly important because many aspects have changed the interactions 

between people, animals, plants, and our environment. Unfortunately, these changing factors 

are well known to us in our planet earth: the changes in climate and land use, environmental 

conditions and habitats, the increasing movement of people, animals, and animal products 

from international travel and trade. Furthermore, human populations are growing and 

expanding into new geographic areas. As a result, more people live in close contact with wild 

and domestic animals, both livestock and pets. Animals play an important role in our 

lives, close contact with animals and their environments provides more opportunities for 

diseases to pass between animals and people. Of the many One Health issues shared by 

people, animals, and the environment, the COVID-19 pandemic is in the spotlight for obvious 

reasons. Yet, the global and severe problem of antimicrobial resistance has not disappeared 

and threatens human and animal life every day.   
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1.7 Molecular microbiology in the NGS era: early detection and 

identification of pathogens and its dispersion and evolution 

 

 

How next-generation sequencing (NGS) is helping to preview, prevent, and manage 

public health threats 

 

Maria Miragaia 

 

Session title: Molecular microbiology in the NGS era: early detection and identification of 

pathogens and its dispersion and evolution 

 

Keynote lecture title: How next-generation sequencing (NGS) is helping to preview, prevent, 

and manage public health threats 

 

Next-generation sequencing (NGS) has provided the opportunity to look into microorganisms 

with an unprecedented level of resolution, changing dramatically our view and understanding 

of fundamental aspects of the molecular Microbiology as we knew it. This technology came to 

revolutionize the way Microbiology is done in the laboratory, namely how microorganisms are 

detected and identified, how research questions are developed and biological problems 

approached. NGS revealed a previously unknown microbial diversity (including non-cultivable 

microorganisms) as well as the complexity of microbial communities and their interaction with 

the surrounding environment and hosts. Moreover, exposed the vulnerabilities of classical 

taxonomy - a pillar of Microbiology – and the magnitude of what we do not know about genes 

and their functions and on the extension of genetic exchange occurring between 

microorganisms.  

NGS had a particular impact in pubic health, advancing our understanding of microbial 

pathogens, increasing the precision with which we are able to trace their transmission, sources 

and mechanisms of evolution. This capacity has become an asset to prevent and control 

infection outbreaks in hospitals and pandemics in community settings. By being culture 

independent, NGS considerably reduced the time from diagnosis to clinical treatment, 

increasing the chances of clinical success. Opportunities for new treatments, more effective 

vaccines and diagnostics were also provided by this technology. Specifically, it seems likely 

that as the number of microbial genomes of pathogenic and non-pathogenic microbes 
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increases, statistic tools enabling to link genetic factors to disease, like genome-wide 

association studies (GWAS), become more robust. Such biomarkers will enable the expansion 

of new precision therapies that target pathogens while protecting the remaining microbiota, 

and will increase the accuracy and speed of diagnostics. On the other hand, availability of 

recent population-level NGS data on pathogens genome will help to ensure that vaccines have 

the most up-to-date coverage. 

Ongoing challenges for the implementation of NGS in infectious disease research and clinical 

microbiology include its inability to distinguish between live and dead microorganisms and to 

establish a link between genotype and phenotype. Data analysis presents several pitfalls, like 

the management of an enormous amount of data, the need for development of user-friendly 

bioinformatics tools, validation and standardization of methodologies and nomenclature, and 

the translation of data into a biologically/clinically meaningful and simple result. Additionally, 

ethical questions regarding data protection and data sharing have been raised.  

Nevertheless, the major challenge we have ahead is to be able to preview in advance the 

emergence of public health threats. This will require a common effort from different 

stakeholders in society and a major digital revolution in health surveillance systems in which 

“sharing” appears to be the solution. 

In this presentation we will use our most recent data and results to illustrate how NGS is helping 

to preview, prevent and manage clinically relevant pathogens. 
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2.1 Biotechnology and Sustainability I  

 

 

Biotechnology in circular economy & bioeconomy: Bioengineering and microbiology 

for sustainable development: the case of bioethanol  

 

Ana M. R. B. Xavier1, Mariana S. T. Amândio1,2, Luísa S Serafim1, Jorge M. S. Rocha2 

1CICECO – Aveiro Institute of Materials, Departamento de Química, Universidade de Aveiro, Aveiro, Portugal 

2CIEPQPF, Department of Chemical Engineering, Faculty of Sciences and Technology, University of Coimbra, 

Coimbra, Portugal 

  
  

Global sustainability challenges and climate changes demand technology 

innovation to turn the European Green Deal into reality and attain Paris Agreement’s 

goals. Biotechnological processes implementation, most of them known and available, 

can boost circular bioeconomy affording to decrease the greenhouse gas emissions and also 

keep temperature rise below 1.5 ºC or at least 2 ºC by the end of the century and reporting to 

the pre-industrial level. To achieve this challenge new goals of industrial 

production are needed for shifting fossil raw materials dependence to renewable resources 

use. Alternative routes for producing building blocks to feed the industrial processes are being 

searched, namely bio-based products. Industrial microbiology and bioengineering 

play an essential role since new factories, microbial cell based and fed with renewable 

resources must be urgently implemented. The first step can be by 

integrating advanced biorefineries in existing industrial plants taking advantage from raw 

materials, residual or not, that are already there.  

Renewable Energy Directive II of the EU set a target of 3.6 % blending for advanced biofuels 

in 2030. Biomass-derived fuels can play an important role in achieving decarbonization targets 

for the transportation sector, recognized as a roadmap for carbon neutrality. Bioethanol is the 

most produced biofuel at an industrial scale level from different feedstocks. In the EU, there 

are several biorefineries currently in operation.   

 Although the potential of cellulosic ethanol has been at the national level discussion, there is 

no industrial-scale production so far. The scale economy and dispersion of low cost 

lignocellulosic feedstocks are not quite favorable to a devote production yet. For this reason, 

Portugal needs to import biofuels for complying with blending mandates.   

A different picture comes from the pulp and paper sector that is one of the most producers of 

residual biomass in Portugal. Indeed different industrial residues were 
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already evaluated for second-generation bioethanol. To make bioethanol economically 

competitive and attractive to investors, R&D and technological efforts should 

continue for reducing raw materials and bioprocesses costs. This can be the best way to 

attain carbon neutrality for 2050, the EU targets and contribution to sustainable and circular 

economy.  
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2.2 Biotechnology and Sustainability II   
 

 

Hybrid High Throughput Process Development for Biologics Production 

Marcel Ottens 

 Delft University of Technology, Delft, the Netherlands 

 

The vast experimental space that needs to be explored during the development of a 

biopharmaceutical purification process has led to the widespread adoption of High-Throughput 

(HT) technologies. These HT technologies can also be used to support knowledge-based 

development of chromatographic separation processes, allowing to step away from traditional 

platform processes. Such an approach requires efficient techniques to determine properties of 

the product and the impurities to be removed (i.e. charge, hydrophobicity, size, and adsorption 

isotherms), in order to feed mechanistic mathematical process simulation models. In order to 

be fast and efficient, small quantities of material should be used and this leads to 

miniaturization of experimental techniques and devices. This presentation will outline a Hybrid 

High-Throughput Process Development (HTPD) approach, emphasizing miniaturized, recently 

developed approaches for the purification process development for the production of 

biopharmaceuticals. 
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2.3  Biotechnology and Sustainablility III 
 

 

New phototrophic factories for nutrient recovery and polyhydroxyalkanoates 

production 

 

Joana Fradinho, Virgínia Carvalho, Juliana Almeida, Maria Reis 

Associate Laboratory i4HB - Institute for Health and Bioeconomy, School of Science and Technology, NOVA 

University Lisbon, 2829-516 Caparica, Portugal; 

UCIBIO – Applied Molecular Biosciences Unit, Department of Chemistry, School of Science and 

Technology, NOVA University Lisbon, 2829-516 Caparica, Portugal 

 

In the last decades the world has been facing several environmental problems created by 

pollution, increasing urbanization and resources over-exploitation. Because of their damaging 

effect on ecosystems and in human health, it is fundamental to develop efficient, clean and 

environmentally sound technologies and adopt the use of sustainable alternatives to 

conventional everyday products. Biological systems have been playing an important role in 

solving most environmental issues, however, current technologies usually employ aerobic 

chemotrophic organisms when, in fact, phototrophic organisms can also contribute to 

overcome such complex environmental challenges. Phototrophic systems have been explored 

for their capability of recovering carbon, nitrogen and phosphorous from the most diverse 

wastewater streams, enabling water reutilization and production of added-value products. 

Indeed, the high diversity of phototrophic organisms offers a multitude of solutions that 

assembled as phototrophic factories, provide robust responses to different scenarios. 

Here, we will provide an overview of the diversity of phototrophic organisms and elucidate on 

current phototrophic biotechnologies that aim the prevention and mitigation of environmental 

pollution, acting on wastewater treatment and resource recovery. Two case studies will be 

detailed, one regarding nutrient recovery (N, P) with a Photo-Biological Nutrient Removal 

system (Photo-BNR), and other regarding carbon recovery in the form of 

polyhydroxyalkanoates (PHAs), a biodegradable polymer produced in Purple Phototrophic 

Bacteria Ponds (PPBPonds). In the first case, the Photo-BNR can be applied to wastewaters 

with high nutrient concentrations by exploring the synergistic effect of microalgae-bacterial 

systems where microalgae use light, consume CO2 and produce the oxygen necessary for 

system operation, while heterotrophic bacteria perform an enhanced phosphorus removal and 

release CO2 (subsequently captured by the microalgae, contributing to zero/negative carbon 
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emissions of the process). In the second case, the PPBPonds can be applied to wastewaters 

with high organic content by making use of anoxygenic purple phototrophic bacteria (no oxygen 

release during phototrophy). These bacteria thrive photoheterotrophically in anaerobic 

environments, being capable of high carbon removal and recovery as PHA. This internally 

stored biopolymer displays thermoplastic properties and has been proposed as a 

biodegradable alternative to petrochemical plastics. These two innovative phototrophic 

factories, Photo-BNR and PPBPonds, address society’s request for wastewater treatment and 

nutrient recovery technologies that fit the requirements of environmental, economic and social 

sustainability. 
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3.1 Microbial physiology and biochemistry: microbial activity in the context 

of environmental changes 

 

 

 A novel capsular polysaccharide from Shewanella vesiculosa HM13 with adhesive 

properties 

 

 Maria Michela Corsaro 

University of Naples Federico II, Naples, Italy  

 

Extracellular polysaccharides are suggested to play a fundamental role in microbial ecology.1 

These molecules can be found either attached to the outer membrane of the microbial cell or 

delivered in the growth medium. In the former case, we have capsular polysaccharides 

(CPSs), whereas, in the latter, exopolysaccharides (EPSs) can be found as dissolved 

polymers or as the main components of biofilms. Shewanella vesiculosa HM13 is a cold-

adapted Gram-negative bacterium isolated from the intestine of a horse mackerel.2 This 

bacterium can produce biofilm and releases in the growth medium a large number of 

extracellular membrane vesicles (EMVs).2 S. vesiculosa HM13 bacterium has been found to 

produce a capsular polysaccharide, the structure of which is peculiar since it contains a novel 

monosaccharide. The aim of this work is the full characterization of the repeating unit of the 

CPS, and the finding, if any, structure/activity relationships of the polymer, such as the ability 

to colonize the environment. The results prove the peculiarity of the structure and the 

adhesiveness of the polymer. The last could be related to the bacterium capability of 

producing biofilm. 

 

References 

1. Casillo A, Lanzetta R, Parrilli M, Corsaro MM (2018) Mar. Drugs 16, 69-103. 

2. Chen, C.; Kawamoto, J.; Kawai, S.; Tame, A.; Kato, C.; Imai, T.; Kurihara, T. Front. Microbiol. (2020) 10, 

300.  
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3.2 Biotechnology and environmental microbiology: from psychrophiles to 

extremophiles 

 

 

Diversity, secondary metabolites and biotechnological potential of marine-derived 

actinomycetes from the coasts of Continental Portugal and the Macaronesia 

archipelagos 

Susana P.Gaudêncio 

Associate Laboratory i4HB – Institute for Health and Bioeconomy, UCIBIO – Applied Biomolecular Sciences 

Unit, Department of Chemistry, Blue Biotechnology and Biomedicine Lab, School of Science and 

Technology, NOVA University Lisbon, Caparica, Portugal. 

 

The oceans cover 70 % of the Earth´s surface and harbor most of the planet´s biodiversity. 

Among this biodiversity, marine-derived bacteria are an exceptional source of chemical 

diversity for drug discovery. Species of the order Actinomycetales (commonly named 

actinomycetes) are the single most productive source of microbial derived natural products, 

accounting for ca. 75% of all antibiotics discovered, as well as a broad range of anticancer 

agents. Although the actinomycetes are best known as soil bacteria, marine counterparts are 

an important and underexplored resource. In this context, the Blue Biotechnology and 

Biomedicine Lab has been investigating actinomycetes obtained from sediment samples 

collected off the Macaronesia (Canary islands, Madeira and Azores archipelagos) and the 

Portuguese Continental coast (Estremadura Spur and Tagus Bay). To date, our marine-derived 

actinomycete biobank comprises 1608 strains: 400 from the Madeira,1 980 from the Azores, 

142 from the Canaries and 86 from the Portugal Continental coast. The recovered strains, 

numerous marine obligate, were taxonomically identified through 16S rRNA gene sequencing 

and evaluated for their ability to produce natural products with bioactive properties: (i) 

antimicrobial activity against methicillin-resistant Staphylococcus aureus (MRSA) and 

vancomycin-resistant Enterococcus faecalis (VRE), and (ii) cytotoxic activity against the HCT-

116 cell line. The extracts were further assayed for antibiofilm activity (S. aureus, Cobetia 

marina, Marinobacter hydrocarbonoclasticus).1-4 Molecular networking of LC-MS/MS data 

revealed high chemical diversity, metabolites were isolated by chromatographic techniques.2-4 

The regions surrounding the Macaronesia archipelagos and the Portuguese coast are a rich 

source of marine-derived actinomycetes with potential applications for biotechnology.  
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3.3 Microbiological collections: resources for a sustainable present and future 

 

 

Creating novel opportunities for using microbial resources 

 

Jörg Overmann 

 

Leibniz Institute DSMZ-German Collection of Microorganisms and Cell Cultures 

 

The immense diversity of microorganisms has remained largely untapped with regard to 

biotechnology and bioprospection. In contrast and notwithstanding decades of cultivation and 

isolation attempts, only about 17,000 species of Bacteria and Archaea, representing 0.1 - 

0.001% of the estimated global number of species, have so far been validly described. Even 

more significantly, laboratory cultivation has predominantly returned isolates from only four 

bacterial phyla, few isolates from 29 other bacterial and archaeal phyla, and none for the 85 

remaining phyla. The composition and expression patterns of many different microbiomes are 

typically analyzed by high throughput genomics, transcriptomics and proteomics approaches, 

yet over 80% of the genes identified in a genome may have unknown functions [1]. These 

numbers indicate that future research and application of microbial diversity will still significantly 

rely on alternative cultivation methods and high throughput approaches to yield isolates of the 

many not-yet-cultivated types of bacteria. Through their isolation, microbial resources attain a 

substantial monetary value (~10,000 Euro) which microbial culture collections preserve in a 

highly cost-effective manner [2]. The considerable investment in cultivation renders untargeted 

isolation and screening approaches exceedingly expensive. Instead, improved data science 

analyses of heterogenous and highly distributed data for existing microorganisms, but also of 

the data of not-yet-cultivated types of microorganisms are required to efficiently target the 

microbial resources most promising for future applications. As an example, the (meta)database 

BacDive will be presented which is free, publicly available, and offers multiple search 

functionalities [3]. Culture collections that offer extensive taxon-specific (meta)data can be 

foreseen to play a key role in these future developments of bioeconomy. 

 

[1] Overmann J, Abt B, Sikorski J (2017) Present and future of cultivating bacteria. Annu Rev Microbiol 71, 711–730 

[2] Overmann J (2015) Significance and future role of microbial resource centers. Syst Appl Microbiol 38, 258-265 
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[3] Reimer LC, Vetcininova A, Sardà Carbasse J, Söhngen C, Gleim D, Ebeling C, Overmann J (2019) BacDive in 2019: 

Bacterial phenotypic data for high-throughput biodiversity analysis. Nucl Acids Res 47(D1), D631-D636 
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3.4 Soil health, food security and food safety 

 

 

Fresh produce bioprotection and biopreservation 

 

Paula Teixeira 

Universidade Católica Portuguesa, CBQF - Centro de Biotecnologia e Química Fina – Laboratório Associado, 

Escola Superior de Biotecnologia, Rua Diogo Botelho 1327, 4169-005 Porto, Portugal 

 

Six years after proclaiming the International Year of Soils, the United Nations declared 2021 

as the International Year of Fruits and Vegetables. Being a major food production resource, 

soil contamination represents a serious food safety concern while fruits and vegetables are the 

cornerstone of a healthy and varied diet. They provide the human body with an abundance of 

nutrients and phytochemicals that strengthen immune systems and help lower risks for a 

number of diseases. Contaminated produce (by viruses, bacteria or parasites) has been 

associated with major cases and outbreaks of foodborne illness in recent years and has led to 

some of the largest food recalls. The Escherichia coli outbreak that occurred in 2011 in 16 

countries due to contaminated fenugreek seeds - more than 4000 cases of infection, more than 

900 cases of haemolytic uremic syndrome and 54 deaths - is certainly in the memory of many 

of us. Although contamination can occur at every step of the supply chain, microbial 

contamination occurs primarily at the pre-harvest stage and plays a key role in the safety of 

raw and minimally processed fruits and vegetables. Depending on several factors, including 

soil characteristics and farming practices, foodborne pathogens may adapt and survive for 

prolonged periods in soils and plants via biofilm formation and plant tissues internalization. 

Consequently, there is a need for interventions that can reduce contaminants accumulated in 

the farm, especially considering that fresh produce can be consumed raw. Consumers' concern 

about chemical residues in food products has led the food industry to seek novel and alternative 

technologies to improve food quality and safety with the minimal use of chemicals. The use of 

generally recognized as safe (GRAS) microorganisms and/or their metabolites, is shown to be 

a “clean” alternative to maintain the quality, safety and nutritional value of fruits and vegetables 

“from farm to fork”. 
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3.5 Biotech4food – nutrigenomics, personalized nutrition and food production 

 

 

Environment, gene and personalized nutrition 

 

Marta P Silvestre, PhD & Conceição Calhau 

CINTESIS, NOVA Medical School, NMS, Universidade Nova de Lisboa, 1169-056 Lisboa, Portugal 

 

Nutrition has a critical life-long impact on human health. However, there is a marked variation 

between individuals in response to the effect of nutrition in disease prevention, management 

and treatment. While nutrigenetics addresses how an individual's genetic background 

predisposes for dietary susceptibility, nutrigenomics addresses how nutrition influences the 

expression of the genome. Together, nutrigenetics and nutrigenomics build the science 

foundation for understanding human variability in preferences, requirements and responses to 

diet. When coupled with microbiota and biomarkers, genotyping may become a powerful tool 

for personalized nutrition towards health maintenance and disease prevention. However, 

significant challenges still remain in the translation and application of research data into a real 

life clinical setting. This presentation will summarize the latest advances in understanding diet–

-gene interactions, and how this knowledge could be harnessed for personalized nutrition 

strategies to improve human health. 
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4.1 Teaching and Communicating in Science 

 

 

The International Microbiology Literacy Initiative 

 

Kenneth Timmis 

Institute of Microbiology, Technical University of Braunschweig, Germany 

kntimmis@gmail.com 

 

Microbial activities pervasively influence our personal lives, socio-economic development, 

sustainable development, and global crises (witness the current COVID-19 pandemic). In order 

to take appropriate, evidence-based decisions in many spheres at all levels, an understanding 

of relevant aspects of microbiology is essential. There is an urgent need for microbiology 

literacy in society.  

The case for microbiology literacy was made in an Editorial published in 2019: 

 (https://sfamjournals.onlinelibrary.wiley.com/doi/epdf/10.1111/1462-2920.14611).  

This Editorial has in the meantime been translated into the major international languages. A 

key motivation for achieving microbiology literacy is the generational contract: provision of the 

next generation of adults with the knowledge and understanding needed to confront the 

problems they will face and develop solutions. 

 The International Microbiology Literacy Initiative was launched with the goal of creating 

microbiology literacy through the creation of a new type of child experience/interest-centric 

microbiology school curriculum and supporting resources, all of which will be made freely 

available. The aim of the Initiative is not to create microbiologists, but rather to engender new 

adult generations that know enough about relevant microbiological processes to be able to 

take informed evidence-based decisions at personal, family, community, national and 

international levels. To do this, the IMLI seeks to generate curiosity and excitement about 

microbes and their activities in children, and to inform them how microbes affect us in our 

everyday lives and how important such activities are for our wellbeing and that of the planet. 

The relevance of microbes and their activities to sustainability, to attainment of the Sustainable 

Development Goals, and to Grand Challenges, are revealed and proposed for class 

discussions.  

 The IMLI is a truly international effort currently involving more than 500 well-known and 

soon-to-be-well-known microbiologists from many countries. This number will without doubt 

https://sfamjournals.onlinelibrary.wiley.com/doi/epdf/10.1111/1462-2920.14611
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eventually become 1000+ and thereby constitutes a huge international collaboration whose 

goal is to make society better and fitter for its stewardship of humanity and the planet. And 

there is still much to do, so contact me if the Initiative excites you and you would like to 

contribute. 
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4.2 COST sessions rooms 

 

 

 COST (European Cooperation in Science and Technology): Funding networking 

opportunities 

 

Mafalda Quintas, COST 

 (European Cooperation in Science and Technology) 

 

COST (European Cooperation in Science and Technology) is a funding organisation for 

research and innovation networks. Our Actions help connect research initiatives across Europe 

and beyond and enable researchers and innovators to grow their ideas in any science and 

technology field by sharing them with their peers. COST Actions are bottom-up networks with 

a duration of four years that boost research, innovation and careers. 
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5.1 Genome Editing for therapy, biotechnological & food use 

 

 

 

 

 

Pedro Fevereiro - TBA 
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5.2 Synthetic & Systems biology: experimental, theoretical and 

computational approaches for the analysis of micro and biological systems 

 

 

 Synthetic biology approaches to engineer polyphenols microbial cell factories 

 

Lígia Rodrigues1, Daniela Gomes1, João Rainha1 and Joana Rodrigues1 

1 CEB-Centre of Biological Engineering, Universidade do Minho, Campus de Gualtar, 4710-057 Braga, 

Portugal 

 

Polyphenols are secondary metabolites isolated from plants that can be divided into flavonoids, 

stilbenoids, curcuminoids, coumarins, polyphenolic amides and lignans. These exhibit diverse 

biological and potential therapeutic activities including antioxidant, anti-inflammatory and 

anticancer, among others. Despite all this potential, extracting polyphenols from plants is not 

straightforward given the low yields of the process. The extracted amounts are not sufficient to 

respond to the increasing demand for polyphenols, the process is expensive and unfriendly for 

the environment. Hence, developing microbial cell factories to effectively produce polyphenols 

arises as an attractive way to address the mentioned limitations and produce high amounts of 

these compounds. Advances in the metabolic engineering and synthetic biology fields have 

been key in the design of efficient and robust microbial cell factories, mainly due to the 

development of proper molecular biology tools, as well as to the unravelling of new enzymes 

in plants or other organisms to better engineer such heterologous pathways. Several hosts 

have been explored as potential polyphenols microbial cell factories. However, there is still a 

long way before this production at an industrial scale can become a reality. The perspectives 

and current challenges resulting from these developments will be discussed. 
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5.3 New approaches for disease control and treatment 

 

 

 Pulmonary Phage Therapy: from proof of concept to pre-clinical assessment 

 

Laurent Debarbieux 

Institut Pasteur, Paris, France 

 

The lack of new antibiotics and the increasing number of patients infected by multi-drug 

resistant bacteria has revived the use of bacteriophages, the natural viruses of bacteria, as 

anti-bacterial therapeutics. While isolation and characterization of bacteriophages in the 

laboratory are routinely performed, the path to reintroduce phage therapy in medicine requires 

several additional steps including safety and efficacy in vivo studies. 

During the last decade, our team has identified several parameters affecting the in vivo efficacy 

of bacteriophages to efficiently treat pneumonia in both immunocompetent and 

immunodeficient animals. From these results, we developed a model of immunophage synergy 

recapitulating the cooperation between bacteriophages and the immune response to reach 

optimal efficacy (1). More recently, we studied the biodistribution in the lungs of bacteriophages 

applied by two routes of administration, as well as several treatment dosages. We built a 

pharmacometric model taking into account the route and dose administrated. The model allows 

the evaluation of the intrinsic properties of bacteriophages and found that burst size and lysis 

rate have only a moderate impact on the overall success of the treatment (2). 

These results are in agreement with the current semi-empirical choice of bacteriophages for 

compassionate use, as most of the time bacteriophages are only selected from their capacity 

to infect in vitro the bacteria infecting a patient. 

 

1. Roach DR et al. Synergy between the Host Immune System and Bacteriophage Is Essential for Successful 

Phage Therapy against an Acute Respiratory Pathogen. Cell Host Microbe. 2017 Jul 12;22(1):38-47. 

2. Delattre R et al. Combination of in vivo phage therapy data with in silico model highlights key parameters for 

treatment efficacy. bioRxiv 2021.03.04.433924 
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Targeting viral ribonucleases from SARS-CoV-2 to combat COVID-19 

 

Margarida Saramago1,Rute G Matos1, A Margarida Henriques 2, Cátia Bárria1, Vanessa 

Costa1, Caio S Souza1, Sandra C Viegas1, Susana Domingues1, Diana Lousa1, 

 Cláudio Soares1, Miguel Fevereiro2, Cecília Maria Arraiano1 

1Instituto de Tecnologia Química e Biológica António Xavier, Universidade NOVA de Lisboa, Av. República, 

2780-157, Oeiras, Portugal 

2Instituto Nacional de Investigação Agrária e Veterinária, I.P., Laboratório de Virologia, Av. República, 2780-

157, Oeiras, Portugal 

 

SARS-CoV-2 virus has triggered the COVID-19 pandemic with devastating consequences. 

Despite the new possible therapies and the already existing vaccines, the worldwide response 

to the COVID-19 pandemics is still insufficient, and we are lagging behind the virus.  

SARS-CoV-2 encodes for two unusual ribonucleases (RNases), nsp14 and nsp15. Both are 

extremely important for the replication of this virus, and they were found to be the most 

interferon antagonists from SARS-CoV-2, which makes them prominent novel targets for 

intervention and development of antiviral drugs. 

In this work, we have performed a biochemical characterization of the RNase nsp14. We 

confirmed that nsp14 is a multifunctional protein with two distinct activities, an N-terminal 3’-to-

5’ exoribonuclease (ExoN) and a C-terminal N7-methyltransferase (N7-MTase). We have also 

reported the critical role of nsp10 in upregulating the nsp14 ExoN activity. A model from SARS-

CoV-2 nsp14-nsp10 complex allowed mapping key nsp10 residues involved in this interaction. 

We have also revealed differences on the functionality of nsp14, which can have important 

implications regarding the specific pathogenesis of SARS-CoV-2. 

We have also found FDA-approved drugs with the capacity to significantly reduce SARS-CoV-

2 proliferation, through the inhibition of its RNases. Our work revealed new and promising 

candidates that can be further considered for clinical trials and then be used for the treatment 

of COVID-19 patients. Moreover, since there is high homology between these RNases from 

coronaviruses, the drugs reported in this work can also be useful in the context of 

novel coronaviruses outbreaks. 
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5.4 Digital Data, Big Data & AI in Microbiotech 

 

 

 In data speramus – How do deliver against the believe in the power of machine 

learning in biotechnology 

 

Moritz von Stosch1,2, Nicolas Cruz2, Michael Sokolov2, Fabian Feidl, and Alessandro 

Butté2 

1DataHow LDA, Lisbon, Portugal; 2DataHow AG, Zurich, Switzerland  

 

In data speramus. The advent of miniaturized high-throughput devices and advances in -omics 

analytics has significantly increased the amount of data that become available during 

bioprocess development. This has shifted the bottleneck to the analysis of these data and the 

design of new experiments. The expectations are for machine-learning to address this 

bottleneck, improving efficiencies, decreasing cost and accelerating development. 

 

Starting from a brief introduction into machine-learning, the importance of contextualized data 

and the current status of machine-learning in bioprocess development & manufacturing, the 

contribution will show that advances in machine learning alone will not be able to deliver against 

the expectations. The importance of knowledge transfer and knowledge integration along with 

machine learning methods will be discussed and showcased on examples. In particular, a 

novel embedding approach will be presented that allows for transversal data analysis across 

process runs with different cell-lines and products. We showcase the added value of the 

approach for an upstream bioprocess development case, concluding that process development 

could be more efficient and multiple times faster. Lastly, further research opportunities will be 

presented.  
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Oral Presentations 

 

 

1.1 Zoonoses, emerging and re-emerging diseases: virology, bacteriology, 

mycology and parasitology 

 

 

O.167. Live cell biosensors for detection and quantification of viral pathogens 
 

Ana Raquel Fernandes, Miguel Ricardo Guerreiro, Ana Sofia Coroadinha 

Instituto de Biologia Experimental e Tecnológica, Instituto de Tecnologia Química e Biológica António Xavier, 

Oeiras, Portugal  

 

The (re)emergence of viral pathogens over the last decades has drawn society’s attention for 

the rising incidence of viral diseases. Among the alarming pathogens are Zika and 

Chikungunya viruses, whose targeted vaccine and antiviral developments are detained by the 

crucial need for reliable analytical tools. 

To tackle this problem, we are developing cell-based tools for virus detection relying on GFP 

fluorescence which is prevented by structural protein distortion until viral proteolysis occurs. 

Here, we show structural distortions relief and fluorescence re-establishment by proof-of-

concept TEV protease (TEVp). Additionally, we are developing virus-based tools for antiviral 

screenings consisting in pseudotyped chimeric retroVLPs using viral glycoproteins from 

relevant human viruses for cell entry. RetroVLPs transport mCherry and/or TEVp for cell entry 

and viral proteolytic activity monitoring, allowing analysis of antivirals efficacy targeting both 

steps on the viral replication cycle.  

Proof-of-concept transient studies revealed good sensor activation performances (SNR 97 ± 

21). Pseudotyped chimeric retroVLPs generated high titers and enabled effective monitoring 

of particle cell entry as soon as 2h post-infection showing maximum performance at 72h. 

Studies using human relevant viral proteases are ongoing. 

Overall, we developed a cell-based sensor system and chimeric retroVLPs, providing 

promising tools for virus detection and antiviral development. 
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O.257. The role of Toll Like Receptors on the innate immune response against 

Mycobacterium ulcerans infection 

 

Juan Dominguez1,2,*, Teresa Martins1,2,*, Maria Peixoto1,2, Gabriela Trigo1,2, José Gama1,2, 

António Castro1,2, Margarida Saraiva3,4, Jorge Pedrosa1,2, and Alexandra Fraga1,2 

* share co-authorship 

1Life and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Campus de 
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Mycobacterium ulcerans is the pathogenic agent of Buruli ulcer (BU), a neglected emerging 

infectious disease characterized by necrotic skin ulcers. BU pathogenesis is associated with 

the production of the toxin mycolactone that has cytotoxic and immunosuppressive properties. 

The consequences of not treating BU are, in many cases, the development of extensive tissue 

destruction leading to permanent disfigurement and incapacitation.  

Innate immunity is crucial in the host's defense against infection, primarily by the activation of 

immune cells such as neutrophils, macrophages, and dendritic cells. These cells recognize 

pathogen-associated molecular patterns (PAMP) through pattern recognition receptors (PPR) 

and initiate a series of inflammatory signaling pathways. Among PPRs, Toll-like Receptors 

(TLR) have been shown to recognize several mycobacterial PAMP, some of which are also 

present on the surface of M. ulcerans.  

To determine the role of TLR in the host immune response to M. ulcerans infection, we first 

characterized the impact of TLR2 and TLR4 in the recognition of M. ulcerans by measuring the 

expression levels of pro-inflammatory cytokines TNF and IL-1β and the anti-inflammatory 

cytokine IL-10 in wild-type (WT), TLR2 (TLR2KO) or TLR4 (TLR4KO) macrophages. We 

showed that TLR2 is highly involved in M. ulcerans recognition of both mycolactone-producing 

and mycolactone-deficient strains, while TLR4 only partially contributed to pathogen 

recognition. The participation of TLR2 in M. ulcerans recognition was further confirmed through 

the lack of mitogen-activated protein kinases (MAPK) activation in the absence of TLR2. Given 

the major participation of TLR2 in the recognition of M. ulcerans in vitro, we evaluated its impact 

on the progression of M. ulcerans infection in vivo. Indeed, TLR2KO mice revealed increased 

susceptibility to M. ulcerans infection, when compared to WT mice. 
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Collectively, these results suggest that TLR2, and to a lower extent TLR4, are critical for the 

development of an innate inflammatory response against M. ulcerans and ultimately impacts 

susceptibility/resistance to BU. 
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Mycobacterium bovis is the main causative agent of animal tuberculosis (TB), a zoonotic 

infectious disease of cattle and other mammals. TB is endemic in several countries, particularly 

where the pathogen circulates at the livestock-wildlife interface and where test and cull 

campaigns fail. Animal TB causes severe production losses, animal trade constraints, and 

impacts ecosystem health. Infected animals may excrete bacteria into the environment through 

oro-nasal secretions, urine, and feces. The contact of susceptible animals with contaminated 

matrices leads to indirect transmission. However, due to the quiescent, slow-growing nature of 

these bacteria, the lack of a sensitive and high-performance method to specifically detect and 

sort viable M. bovis from environmental matrices has hampered the understanding of the 

indirect transmission component of TB. In this work, we aimed to develop, optimize, and 

validate a high-performance method to detect, quantify and sort environmental M. bovis. We 

designed a modular workflow according to research objectives. Flow cytometry (FLOW) was 

combined with fluorescence in situ hybridization (FISH), enabling the accurate quantification 

and sorting of viable M. bovis cells from sediment and water matrices. Cell metabolism was 

used as a proxy of cell viability and assessed by FLOW using 5-carboxyfluorescein diacetate 

acetoxymethyl ester cell staining. Taxonomical identification was accomplished by FISH using 

a probe conjugated with fluorescein targeting IS6110, a Mycobacterium tuberculosis complex 

specific insertion sequence, together with a two-antibody signal amplification system. A high 

efficiency (90%) in cell recovery from environmental matrices was obtained, with high linearity 

(r2=0.93) of viable cell counting in both water and sediment matrices [limit of detection, LoD, 

105 cells/mL]. Moreover, a strong efficiency on the taxonomic labelling of counted cells in both 

water (r2=0.96) and sediment (r2=1.00) samples [LoD, 103 cells/mL] was achieved. 

Furthermore, we reached a satisfactory recovery yield (50%) and purity (60%) of viable 

taxonomically labelled cells by a downstream step with fluorescence-activated cell sorting. This 

new approach, in which multiparameter of environmental M. bovis may be characterized for 

the first time, will empower ecological and phylodynamic studies, assisting to resolve 
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transmission chains at a fine scale. Ultimately, it will help to inform policy and field management 

actions to control TB where it remains endemic. 
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The human pathogen Mycobacterium tuberculosis (Mtb) devotes a significant fraction of its 

genome to fatty acid metabolism. Although Mtb depends on host fatty acids as a carbon source, 

fatty acid -oxidation is mediated by genetically redundant enzymes, which has hampered the 

development of antitubercular drugs targeting this metabolic pathway. The main objective of 

this work was to assign a function to the membrane oxidoreductase Rv0338c (EtfDMtb), 

predicted to be essential for Mtb growth. We show that an etfD deletion mutant (etfD) was 

incapable of growing with fatty acids or cholesterol as single carbon source in vitro, with long-

chain fatty acids being bactericidal, and failed to grow and survive in mice. The etfD 

metabolome revealed a block in -oxidation at the step catalyzed by acyl-CoA dehydrogenases 

(ACADs). In many organisms, including humans, ACADs are functionally dependent on an 

electron transfer flavoprotein (ETF) and cognate oxidoreductase. Immunoprecipitation 

identified EtfD in complex with FixA (EtfBMtb). FixA and FixB (EtfAMtb) are homologous to the 

human ETF subunits. Our results demonstrate that EtfBAMtb constitutes Mtb’s ETF, while 

EtfDMtb, although not homologous to human EtfD, functions as the oxidoreductase. These 

findings identify Mtb’s fatty acid -oxidation as a novel potential target for TB drug development. 
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The microbiota of the upper respiratory tract is being recognized as a gatekeeper of respiratory 

health.  Nonetheless, the microbiota of healthy adults remains poorly characterized. We aimed 

to investigate the nasopharyngeal and oropharyngeal microbiota of immunocompetent healthy 

adults with a focus on the contribution of the human pathogen Streptococcus pneumoniae and 

possible associations with smoking status and contact with children. 

The study was nested on a 6-month longitudinal study recently described (Almeida et al. 2021. 

J Infect Dis). We designed a case-control study in which 12 individuals previously identified as 

pneumococcal carriers and 47 identified as pneumococcal non-carriers were included. Three 

time-points were selected for each individual. Nasopharyngeal and oropharyngeal paired 

samples (177 each) were subjected to V4 16S rRNA gene sequencing followed by 

metagenomic and data analysis. 

Five nasopharyngeal and two oropharyngeal clusters were identified and found to be 

associated with specific demographic and/or environmental characteristics. The oropharyngeal 

microbiota of carriers and non-carriers was highly diverse (compared to the nasopharyngeal 

microbiota) and had high prevalence of Streptococcus, Prevotella, Veillonella, and 

Fusobacterium.  

The microbiota of pneumococcal carriers had a lower diversity than the microbiota of non-

carriers. In particular, the nasopharyngeal microbiota of pneumococcal carriers was 

dominated by the Streptococcus genus; while the oropharyngeal microbiota was co-

dominated by Streptococcus, Corynebacterium, and Acinetobacter.  

The microbiota of smokers, compared with non-smokers, was enriched (c.a. 16-fold) in 

pathogenic species of Bacillus and Burkholderia genera identified in metagenomic studies of 

cigarettes.  



  1.2 Microbiome in Health & Disease: microbial diversity and host-microbes interactions 

 

67 
 

The nasopharyngeal microbiota of adults that have regular contact with children had an 8-fold 

increase of Streptococcus sp., Moraxella catarrhalis and Haemophilus influenzae, pathobionts 

known to colonize the children’s upper respiratory tract and, a 4-fold decrease of 

Staphylococcus aureus, and Staph lugdunensis. 

The nasopharyngeal microbiota is less diverse than the oropharyngeal microbiota. The 

presence of S. pneumoniae in the nasopharynx was associated with lower diversity and 

dominancy of the Streptococcus genus. In addition, differences in the microbiota based on the 

pneumococcal carrier state, smoking status and regular contact with children were observed. 
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Legionella pneumophila is a facultative intracellular bacterium that parasitizes free-living 

protozoa and accidentally infects humans, causing Legionnaires’ disease, a severe type of 

pneumonia. Its ability to thrive intracellularly is based on the capacity of L. pneumophila to 

deliver over 300 bacterial effector proteins into host cells via a type 4 secretion system (T4SS). 

These effectors target a myriad of host cell processes. The second largest Legionnaires’ 

disease outbreak worldwide was caused by the novel strain L. pneumophila Pt/VFX2014. To 

unravel potential new mechanisms of virulence, we used bioinformatics to search for genes 

encoding previously unknown effector proteins and tested their ability to be translocated by the 

T4SS of L. pneumophila. We identified two new effectors in Pt/VFX2014. When ectopically 

expressed in mammalian cells, or during infection by L. pneumophila, one effector (LetN) 

localizes in the host cell nucleus and the other (VFX05045) in the cytoplasm. In contrast, the 

LetN homolog from a well-studied L. pneumophila strain (“strain Paris”) localizes in the cytosol 

and plasma membrane of mammalian cells. Analysis of mutant versions of both LetN homologs 

revealed residues crucial for their different nucleotropisms and suggest a fine-tuned evolution 

of LetN resulting in likely distinct strain-specific functions while interacting with the host cell. 

 

Funding: This work was supported by Fundação para a Ciência e Tecnologia (FCT) in the scope of the project 

UIDP/04378/2020 and UIDB/04378/2020 of the Research Unit on Applied Molecular Biosciences – UCIBIO, and 

of the project LA/P/0140/2020 of the Associate Laboratory Institute for Health and Bioeconomy - i4HB; and by 

Research Grant 2016 by the European Society of Clinical Microbiology and lnfectious Diseases (ESCMID) to 

I.S.F.  
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Promoting fish growth and disease resistance is crucial to improve the economical 

sustainability of aquaculture. Probiotics supplementation is a promising strategy to control 

pathogens in aquaculture, particularly during larviculture where the fish’s immune system is 

underdeveloped. In this study, bacterial symbionts isolated from gilthead seabream (Sparus 

aurata) eggs, larvae, and juveniles were selected, based on taxonomical and physiological 

criteria, for their potential use as probiotics, and the best candidates tested during a fish larvae 

rearing trial.  

The studied symbionts (97 isolates) were classified into 32 genera in the Proteobacteria, 

Firmicutes, Bacteroidetes, and Actinobacteria phyla. Thirty-five non-pathogenic (based on 

current literature) and non-redundant isolates were characterized for hydrolytic enzyme 

(chitinases, proteases, amylases, lipases, and cellulases) production and antagonistic activity 

towards bacterial pathogens of fish. The isolates Phaeobacter inhibens L23 (best pathogen 

antagonist) and Arthrobacter agilis E13 (versatile producer of hydrolytic enzymes) were 

selected as co-inoculants of live feed (rotifers). Using 16S rRNA gene amplicon sequencing of 

probiotic-enriched rotifers, the abundance of the candidates increases, confirming their ability 

to colonize rotifers. It was also observed a decrease in abundance of opportunistic taxa (e.g., 

Vibrionaceae) and increase in abundance of putatively beneficial symbionts (e.g., 

Rhodobacteraceae species) in probiotic-treated rotifers.  

The candidates were also tested as probiotics in gilthead seabream larval rearing (added on 

fish eggs and fed with probiotic-enriched rotifers). While no differences in dry weight and length 

were observed between fish larvae fed probiotics-treated versus control rotifers, slightly higher 

larval survival rates were recorded under probiotic treatment by the end of the rearing trial. 

These results suggest that modulation of the rotifer-associated microbiome through co-

inoculation of the here selected probiotics is feasible, yet further research is needed to improve 

fish larval wellbeing using rotifers as delivery systems of beneficial bacteria to fish. 
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Synthesis of the capsular polysaccharide, a major virulence factor for many pathogenic 

bacteria, is required for bacterial survival within the infected host. In Streptococcus 

pneumoniae, Wze, an autophosphorylating tyrosine kinase, and Wzd, a membrane protein 

required for Wze autophosphorylation, co-localize at the division septum and guarantee the 

presence of capsule at this subcellular location.  

To determine how bacteria regulate capsule synthesis, we searched for pneumococcal 

proteins that interact with Wzd and Wze. We found that Wzg, the ligase that attaches capsule 

to the bacterial cell wall, interacts with Wzd, and that this interaction recruits Wzg to the septum. 

Pneumococcal mutants unable to produce Wzd, that therefore lack capsule at midcell, become 

more exposed to peptidoglycan binding receptors, have increased susceptibility to lysis 

induced by peptidoglycan hydrolases and have decreased survival in a zebrafish embryo 

infection model. 

We propose that the Wzd/Wze pair ensures full encapsulation of pneumococcal bacteria by 

adjusting the number of Wzg molecules recruited to the division septum, which in turn tunes 

the pace of capsule attachment to match the rate of peptidoglycan synthesis. Impairing the 

encapsulation process, at localized subcellular sites, facilitates elimination of bacteria by 

strategies that target the pneumococcal peptidoglycan.  
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Infections caused by Gram-positive bacteria (G+) remain a major public health burden and a 

great challenge in medicine. Listeria monocytogenes (Lm), the causative agent of human 

listeriosis, is the deadliest G+ foodborne pathogen in EU and an ever-present issue for the food 

industry. This bacterium has been a superb model to study host-pathogen interactions and 

decipher mechanisms of bacterial pathogenesis and host response to infection. Its pathogenic 

potential depends on the activation of an arsenal of virulence factors, which allow it to colonize 

the gastrointestinal tract, translocate across the intestinal epithelium, multiply in phagocytic and 

non-phagocytic cells and disseminate via the blood. Whereas the timely expression of major 

virulence factors is crucial for the successful intracellular life-cycle and in vivo infectious 

process of Lm, their spatiotemporal mis-expression may be harmful to the bacterium itself. 

Our previous in vivo transcriptomic analysis of Lm infecting mouse organs revealed genes 

highly induced during infection, including cadC, which encodes the putative repressor of the 

cadmium efflux pump, CadA. We characterized the Lm cadmium efflux system and explored 

the role of CadC in Lm pathogenicity, demonstrating that CadC is highly expressed during late 

infection stages, modulating lipoprotein processing and the host immune response. In addition, 

we showed that CadC acts as a more general repressor that promotes Lm virulence by down-

regulating, at late infection stages, virulence genes required for survival in the gastrointestinal 

tract. In particular, we demonstrated that, in absence of CadC-dependent repression of the bile 

salt hydrolase (BSH) during the late steps of the infection, the constitutive BSH expression 

induces the overexpression of the cholic acid efflux pump MdrT that, in turn, is unfavorable to 

Lm virulence. 

This is an original strategy employed by Lm to ensure maximal infection efficiency and a 

demonstration that the tight regulation of virulence genes over the infectious process is crucial 

to promote bacterial fitness, virulence and survival.  

 

  



  1.2 Microbiome in Health & Disease: microbial diversity and host-microbes interactions 

 

72 
 

O.189. Burkholderia cepacia complex silencing proteins as mediators of horizontally 

transferred genes expression during infection of host cells 

 

Sara C. Gomes1,2, Mirela R. Ferreira1,2, Leonilde M. Moreira1,2,3  

1iBB, Institute for Bioengineering and Biosciences, Instituto Superior Técnico, University of Lisbon, Lisbon, 

Portugal 

2i4HB, Institute for Health and Bioeconomy, Instituto Superior Técnico, University of Lisbon, Lisbon, Portugal  

3Department of Bioengineering, Instituto Superior Técnico, Lisbon, Portugal 

 

Histone-like nucleoid structuring proteins (H-NS) are bacterial proteins that play a major role in 

nucleoid compaction and in the silencing of exogenous AT-rich DNA, generally acquired by 

horizontal gene transfer. A mal/non-functional H-NS will lead to several phenotypic changes in 

bacteria such as, growth, motility, biofilm formation, adhesion to eukaryotic cells, antimicrobial 

resistance and polysaccharide biosynthesis, being these proteins important global regulators. 

Burkholderia cepacia complex bacteria, a group of opportunistic pathogens infecting 

immunocompromised patients and patients suffering from cystic fibrosis, are unique regarding 

the number of hns encoding genes, having 4-17 genes, depending on the strain, while 

Enterobacteria have between 1-3 hns genes. Of this bacterial complex, B. multivorans ATCC 

17616 harbours eight hns genes distributed over three chromosomes (Chr1: Bmul_0158, 

Bmul_0190; Chr2: Bmul_3279, Bmul_3806; Chr3: Bmul_5655, Bmul_5701, Bmul_5767 and 

Bmul_6044) and it was chosen as a model for the characterization of Burkholderia H-NS-like 

proteins. The first hns gene to be studied was Bmul_0158 and for that we obtained an hns 

deletion mutant and a strain overexpressing this gene. The overexpression of Bmul_0158 was 

caused by a spontaneous insertion of the IS406 element in the promotor region of this gene. 

Transcriptomic analysis revealed a decreased expression of several genes related to 

chemotaxis system, surface proteins, polysaccharide biosynthesis, quorum sensing and cyclic-

di-GMP, and an increased expression of motility related genes. Such analysis was in 

accordance with the observed phenotypes, in which H-NS protein overexpression led to an 

impairment of polysaccharide production, reduced cellular aggregates formation, decreased 

virulence, and lower adhesion to host cells, but an increase in motility1. On the other hand, 

when the Bmul_0158 deletion mutant was analysed, no significant differences were observed 

in motility, cellular aggregates, and EPS production, although a slight reduction in virulence 

was observed. Such results might indicate a redundancy in the expression of hns-like genes 

in Burkholderia. In the absence of Bmul_0158 gene is likely that other hns genes compensate 

for its absence. Taken together, the results revealed a significant role for this H-NS protein in 
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the regulation of B. multivorans persistence- and virulence-associated genes, but the way 

these different H-NS proteins regulate each other is certainly worth to pursue. 

 

1. Gomes,. et al. A histone-like nucleoid structuring protein regulates several virulence traits in 

Burkholderia multivorans. Appl. Environ. Microbiol. 87: e00369-21 (2021). 
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The mammalian gut microbiota is a complex and diverse community composed of many 

microbial species. Gut bacteria play essential functions in many aspects of host health. 

However, the use of antibiotics can compromise the microbiota composition with negative 

consequences for the host, resulting in dysbiosis1. Quorum sensing is a cell-cell signalling 

mechanism that regulates gene expression in bacterial populations enabling them to engage 

in group behaviours. Previously, we showed that by boosting the levels of the quorum sensing 

signal autoinducer-2 (AI-2), which foster interspecies quorum sensing, it is possible to 

ameliorate the dysbiotic effect of long-term antibiotics on the microbiota2.  

Here we focus on members of the Barnesiella and Muribaculum genera, as these bacteria are 

very abundant in the homeostatic gut but are highly affected by antibiotics. We also have 

evidence that they respond to AI-2 in a murine model3. Therefore, we aimed at identifying their 

AI-2 regulated phenotypes specifically focusing on the utilization of fucosylated glycans due to 

their importance in the gut, but also because we have evidence for AI-2-mediated regulation 

of fucosidases in a closely related bacterium3. 

To study AI-2-regulated phenotypes in these bacteria, growth conditions were optimized for 

the type species Barnesiella intestinihominis and Muribaculum intestinale. A Peptone Yeast 

extract-based broth was modified to test carbon source supplementation and assess bacterial 

growth in fucosylated compounds with or without added synthetic AI-2. Our results show that 

B. intestinihominis and M. intestinale consume fucosylated glycans and provide preliminary 

evidence that AI-2 can enhance the utilization of these compounds.  

This preliminary observation suggests that these species might have an important advantage 

in the gut, where the mucus layer is rich in fucosylated compounds.  

We will use this knowledge to establish strategies that promote recovery of these bacteria after 

microbiota imbalances. These approaches can be used to minimize the negative effects of 

antibiotics, but also to develop approaches that rely on the protective effects of the microbiota 

to combat intestinal pathogens. 
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Four main structural proteins and several accessory non-structural proteins compose Severe 

Acute Respiratory Syndrome CoronaVirus-2 (SARS-CoV-2). From these proteins, Membrane 

(M) protein is SARS-CoV-2's most abundant structural protein and has crucial roles in viral 

infection cycle and host interferon antagonism. This protein is highly conserved, and thus a 

potential interesting target for drug discovery. There is, to date, no available structure of SARS-

CoV-2 M protein, as it is difficult to experimentally stabilize and crystallize this protein. To 

predict M protein dimeric structure, membrane orientation, and interface characterization, a 

detailed in silico workflow was developed and applied. M protein single and co-occurrent 

mutations were retrieved from over 1.2 M SARS-CoV-2 genomes and proteins from the Global 

Initiative on Sharing All Influenza Data (GISAID) database. After a detailed mutation analysis, 

91 single mutations were found at the predicted dimer interface. From those, we identified 

mutations in SARS-CoV-2 Variants of Concern (VOC) and Variants of Interest (VOI). Binding 

free energy differences were evaluated for dimer interfacial mutations to infer mutant protein 

stabilities. A few high-prevalent mutated residues were found to be especially relevant in VOC 

and VOI. This realization may be a game changer to structure driven formulation of new 

therapeutics for SARS-CoV-2. 
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Research on the emerging COVID-19 pandemic is demonstrating that wastewater 

infrastructures can be used as public health observatories of virus circulation in human 

communities. Important efforts are being organized worldwide to implement sewage-based 

surveillance of SARS-CoV-2 that can be used for preventive or early warning purposes, 

informing preparedness and response measures. The aim of this study was to develop a 

continuous monitoring protocol for SARS-CoV-2 in wastewater, that could be used to model 

virus circulation within the communities, complementing the current clinical surveillance. 

Specific objectives included (1) optimization and validation of a method for virus quantification; 

(2) monitoring the time-evolution of SARS-CoV-2 in wastewater from two wastewater treatment 

plants (WWTPs) in the city of Porto, Portugal. Untreated wastewater samples were collected 

weekly from the two WWTPs between May 2020 and October 2021, encompassing two 

COVID-19 incidence peaks in the region (mid-November 2020 and mid-January 2021), 

different lockdown policies, and different phases of the vaccination process. In the first stage 

of this study, we compared, optimized and selected a sampling and analysis protocol that 

included virus concentration through centrifugation, RNA extraction from both liquid and solid 

fractions and quantification by reverse transcription quantitative PCR (RT-qPCR). In the 

second stage, we used the selected methodology to track SARS-CoV-2 in the collected 

wastewater over time. Part of the results described here were previously published (1) but an 

updated dataset and analysis is presented. SARS-CoV-2 RNA was detected in more than 80% 

of the liquid and solid fraction samples of untreated wastewater. The copy numbers varied 

throughout the study period and a good fit was observed between the SARS-CoV-2 RNA 

concentration in the untreated wastewater and the COVID-19 temporal trends in the study 

region. This relationship, however, varied throughout different stages of the pandemic in the 

city. We also analyzed eight samples from the treated effluent and found no SARS-CoV-2 RNA 

detection after tertiary treatment and UV disinfection. In agreement with the recent literature, 

the results from this study support the use of wastewater-based surveillance to complement 

clinical testing and evaluate temporal trends of the current pandemic. 
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The gold standard test for COVID-19 diagnosis relies on extraction of viral RNA from 

nasopharyngeal (NP) fluids collected with swabs, followed by reverse transcription and 

amplification using one-step TaqMan-based real time (RT)-PCR. Although the test is extremely 

sensitive and specific, it is also expensive and sample collection can be uncomfortable, making 

it difficult to use in large population screenings. In this sense, the development of equally 

reliable, but cheaper and less invasive alternatives for the detection of SARS CoV-2 is an asset 

in the fight against the pandemic. 

At ITQB NOVA, we have implemented a SYBR Green-based RT-PCR test for the detection of 

SARS-CoV-2 directly from saliva samples. Saliva-based tests present several advantages over 

NP swabs. As the samples are self-collected, the tests are less invasive, do no not require 

specialized healthcare professionals and the use of expensive and unsustainable protective 

equipment. In addition, using SYBR Green DNA intercalating dye instead of expensive 

fluorescent probes further minimizes the costs associated with testing.  

We analyzed 147 paired samples, saliva and NP swabs, collected simultaneously. NP swabs 

were analyzed with the gold standard test while saliva samples were analyzed with the newly 

established protocol. The limit of detection (LoD) of our assay was between 10 and 100 viral 

copies. When compared to the standard test and for medium to high viral loads (103 – 106 viral 

genome copies) our assay has a specificity of 100% and a sensitivity of 93%. The total assay 

time was 100 minutes with an estimated cost per sample of less than one euro.  
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The global increment of aquaculture production activities has been accompanied by an 

increasing number of disease outbreaks in fish farms. These affect production, profitability and 

sustainability of aquaculture industry worldwide.  

Among the harmful microbial-mediated diseases in marine organisms is vibriosis, remaining 

as the well-known cause of massive mortality in fish farms, resulting in severe economic losses. 

In addition, the overuse of antibiotics in aquaculture systems to prevent and treat this and other 

microbial diseases, seems also to be correlated with increasing Vibrio spp outbreaks. 

The bacterial outer membrane channel-tunnel TolC is a highly conserved protein across gram-

negative bacteria. This protein channel integrates a complex secretion system that is in turn 

responsible for secretion activity (e.g. of cytotoxic compounds and antibiotics), ultimately 

playing a well described role in multiresistance and pathogen survival.  

Herein we present part of the work towards the development of novel antibody-based tools to 

further explore prophylactic, therapeutic and diagnostic alternatives for fish vibriosis. We have 

focused on five selected Vibrio spp, namely V.anguillarum, two distinct V.parahaemolyticus, 

V.harveyi and V.vulnificus, all known pathogens related to vibriosis outbreaks. 

Using multiple protein sequence and protein structure alignments, we have analysed and 

selected targetable surface-exposed epitopes of the extracellular region of TolC-like channels 
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for all five candidates. We have successfully cloned 9 novel TolC-like epitopes and continued 

with downstream expression of 8 of them, using a proprietary fusion protein technology. All 

these 8 epitopes were purified with very good yields; their purification profiles reflected stable 

and robust protein behaviours, and thus adequate products for recombinant vaccine 

formulation. Next steps will include immunization of birds with the TolC epitope recombinant 

vaccines, monitoring of anti-TolC response in egg samples and purification of IgY anti-TolC 

antibodies.  

Ultimately, these novel anti-TolC antibodies will serve as unique tools to explore modulation of 

antibiotic efflux as therapeutic alternative or simply as Vibrio spp-specific probes for R&D and 

diagnostic applications. 
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The release of extracellular vesicles (EVs) is ubiquitous among Gram-negative bacteria and 

their features make them promising platforms for the delivery of proteins of interest1. 

Nevertheless, EVs structural components (namely, lipopolysaccharides-LPS) are frequently 

associated with toxicity to the host2. Cyanobacteria are a unique group of photosynthetic 

prokaryotes that have been shown to produce LPS with reduced toxicity3, making 

cyanobacterial EVs an attractive alternative. Thus, envisioning cyanobacterial EVs as 

molecular-display platforms targeting fish-related applications, the goals of this work were: to 

isolate EVs from the cyanobacterium Synechocystis sp. PCC6803 (S6803) and evaluate their 

toxicity in zebrafish larvae; to engineer a S6803 strain capable of producing EVs loaded with 

the reporter green fluorescent protein (GFP); and to evaluate the oral uptake and biodistribution 

of GFP-loaded EVs in zebrafish larvae. 

In order to isolate EVs from S6803, the cell-free extracellular medium recovered after 

cultivation was concentrated by ultrafiltration, and later ultracentrifuged. Isolated EVs were 

tested for their effects on zebrafish larvae survival for 120h, and the expression of pro-

inflammatory cytokines was also evaluated. As for the loading of S6803 EVs with the reporter 

GFP, S6803 was engineered to express GFP fused with a signal peptide that allows protein 

translocation to the periplasm of cells, and subsequently to EVs. Detection of GFP in S6803 

EVs was later evaluated through confocal microscopy, immunolocalization by electron 

microscopy, and nanoparticle analysis. 

The effects in zebrafish larvae after the exposure to S6803 EVs were minimal, both on the 

mortality and on the induction of pro-inflammatory responses. In addition, the adopted genetic 

engineering strategy proofed successful, as it was possible to detect GFP in isolated EVs. 

Finally, confocal microscopy analysis of zebrafish larvae treated by immersion with GFP-
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loaded EVs for 24h showed that EVs could be orally ingested by zebrafish larvae, accumulating 

in their gastrointestinal tract. 

In this work, we demonstrate that S6803 EVs are biocompatible to zebrafish larvae. In addition, 

we generated a proof-of-concept S6803 strain capable of producing GFP-loaded EVs, which 

were orally uptaken by zebrafish larvae, and successfully delivered the reporter protein to the 

fish’s GI tract. These results open the door towards the use of cyanobacterial EVs as molecular 

delivery platforms in fish. Envisioning antigen-specific immunization in fish, presently we are 

investigating the induction of adaptative immune responses in European seabass using S6803 

EVs as antigen nanocarriers. 
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Introduction/objective: The negative side effects of conventional cancer treatments have 

raised the need to discover new therapeutic alternatives, such as green pharmaceuticals (1, 

2). Due to their unique features, cyanobacterial extracellular polymeric substances (EPS) show 

great potential for a wide range of biotechnological and biomedical applications (3, 4). 

However, the number of studies about their action as antitumor agents is still limited. 

Previously, we reported a strong antitumor activity of the released polysaccharides from a 

Synechocystis sp. PCC 6083 mutant on a Group 3 sigma factor (ΔsigF) towards human 

melanoma (Mewo), thyroid (8505C), and ovary carcinoma (A2780) cell lines (5). Furthermore, 

it was described that Synechocystis ΔsigF releases up to 4-fold more polymer than the 

wildtype, and that the ∆sigF polymer induced one of the highest levels of apoptosis observed 

among natural polymers. This carbohydrate polymer was extensively characterized, revealing 

high content of peptides (~27% w/w) and sulfate (≈12% w/w) (5, 6). Thus, the main goal of this 

work was evaluate the role of the peptide content in the antitumor activity of the Synechocystis 

∆sigF polymer in order to understand the mechanisms involved in the bioactivity. 

 

Results/Discussion: Treatment of the polymer isolated from ΔsigF with trichloroacetic acid 

lead to a significant reduction of the peptide content (~44%), without significantly affecting the 

polymer yield (~5%). The polymer variant obtained displayed a stronger antitumor bioactivity 

towards Mewo cells compared to the unmodified polymer (higher peptide content). At the 

moment, chick embryo chorioallantoic membrane (CAM) assays are being performed to 

evaluate in vivo the effects of the polymer variants on angiogenesis and tumorigenesis. 
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Conclusion: The stronger antitumor activity exhibited by the ΔsigF polymer with less peptide 

content suggests that the bioactive component(s) are probably more exposed, rendering this 

polymer variant more attractive for future applications.  

 

Significance of the work: A cyanobacterium extracellular carbohydrate polymer was shown 

to be a potential platform for the development of a bioproduct with strong antitumor activity. 

Furthermore, we demonstrated a correlation between the reduction of the peptide content and 

the polymer activity, contributing to a better understanding of the underlying mechanisms. 
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Avian immunoglobulin Y (IgY), found in egg yolk, has potential to be used as a 

biopharmaceutical. Contrarily to its analogous mammalian immunoglobulin G (IgG), IgY 

presents high immunogenicity and binding avidity, and the ability to be recovered by a non-

invasive method [1-3]. The amount of IgY obtained from an egg is equal to that from 200-300 

mL of mammalians blood, being possible for a chicken produce 17-35 g of total IgY [1,4]. By 

being a polyclonal antibody, IgY antibodies recognize several epitopes on an antigen and have 

various applications, such as in the treatment of several diseases [1,2]. However, by being 

proteins present in a complex media, the use of IgY as a biopharmaceutical is restricted by its 

recovery at high yields and high purity, along with their preservation [5]. This work aimed 

to improve the stability of IgY during storage, so that it can be used as a biopharmaceutical.  

IgY antibodies were isolated from the yolk of commercial chicken eggs and purified by two 

precipitation steps. Their stability was assessed by Circular Dichroism Spectroscopy (CD) 

under 1-3 weeks of storage at -20 ºC. Trehalose and xylitol at several concentrations were 

investigated as stabilizers agents. The IgY purity degree, concentration and the percentage of 

aggregates formed during storage were determined by Size Exclusion- High Performance 

Liquid Chromatography (SEC-HPLC), whereas the protein profile was revealed by dodecyl 

sulphate polyacrylamide gel electrophoresis (SDS-PAGE). Both stabilizers allowed promising 

results and are potential stabilizing agents for IgY. A decrease in the percentage of aggregates 

was verified in IgY formulations with trehalose and xylitol in all storage conditions. It was 

confirmed the presence of β-sheets in the IgY secondary structure, and no substantial evidence 

of its secondary structure degradation occurred over storage with the stabilizing agents. 
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Gene therapy has revolutionized modern medicine by providing treatment to largely unmet 

medical needs, including cancer and monogenic diseases. In the past decade, the use of 

lentiviral vectors (LV) in gene therapy clinical trials has experienced the highest growth, relative 

to other viral vectors. However, their usage has been limited by the low yields and poor 

scalability of current production systems. Establishing high-titer constitutive producer cells 

(CPC) is essential to support scalable production processes and meet the increasing clinical 

demand of LV-based gene therapy.   

Here we describe a new strategy to establish CPC stably expressing an engineered, high-titer 

envelope glycoprotein, GaLVΔR. GaLVΔR promotes a 5-fold increase in LV titers relative to the 

original glycoprotein. However, its fusogenic properties lead to syncytia formation in the 

producer cells. To address GaLVΔR cytotoxicity, we developed a producer cell host deleted for 

GaLV cell receptor (PiT-1, inorganic phosphate transporter-1), using CRISPR-Cas9. PiT-1 

knock-out (KO) allowed stable expression of GaLVΔR without syncytia formation while 

maintaining transient LV titers. PiT-1 deletion also contributed to a decreased growth rate, 

which was rescued upon overexpressing another transporter (PiT-2). PiT-1 KO cells were 

further explored in the development of constitutive LV producer cells expressing GaLVΔR. To 

that, PiT-1 KO clones were isolated by limiting dilution and selected by a functional screening 

based on resistance to GaLVΔR transduction. A total of 37 clones were obtained, 6 of which 

survived to stable transfection with GaLVΔR, exhibiting different levels of envelope expression. 

These clones are currently being used to develop new constitutive LV producer cells. 

Additionally, the different GaLVΔR expression levels among surviving clones are also being 

explored to study the impact of envelope expression in the final performance of producer cells 

productivity. 

This work validates the strategy of abolishing the expression of the viral receptor in the 

producer cell host to enable stable expression of fusogenic glycoproteins. Additionally, new 

cell substrates were developed to serve constitutive LV production for gene therapy. 
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Gene-based therapies continue to advance, aiming at developing novel medicines for a broad 

range of diseases, including cancer. Tumour angiogenesis is one hallmark of cancer 

progression and depends on the interaction between different types of cells and many 

signalling molecules, such as vascular endothelial growth factor (VEGF). Blocking VEGF 

expression using RNA interference (RNAi) might be a promising strategy to slow down tumour 

growth. Expression vectors encoding short-hairpin RNAs (shRNAs) can silence gene 

expression in vivo as effectively as synthetic siRNAs. A promising delivery system are 

minicircles (MC), which are safe non-viral vectors capable of high levels of transgene 

expression. We hypothesized that MC-derived RNAi molecules that target key players in the 

VEGF regulatory pathway could be a novel gene-based therapy for angiogenic disorders 

characterized by vascular overgrowth. 

This work involved the construction of parental-plasmids (PP) that express shRNAs, which 

target the expression of: i)VEGF, which stimulate endothelial cell (EC) functions and vascular 

permeability; ii)transcriptional regulator hypoxia inducible factor-1 alpha (HIF-1α), which 

induces VEGF expression under hypoxic conditions; and iii)VEGF receptor 2 (VEGFR2), which 

is responsible for signal transduction in EC. The large-scale production and in vivo 

recombination of the PPs and purification of the corresponding MCs was successfully 

accomplished. To evaluate the effect of MCs, human mesenchymal stromal cells (MSC), 

known to secrete pro-angiogenic molecules and human umbilical vein endothelial cells 

(HUVEC), were used as cell models. Cells were transfected with the MC vectors using 

microporation, and the percentage of knockdown (KD) was evaluated by RT-qPCR. Cells from 

three MSC donors were collected at for 4 days post-microporation with MC-VEGF. RT-qPCR 

results revealed that the silencing effect is stronger after 48h reaching a KD of approximately 

70%, decreasing in the following timepoints. A preliminary experience showed that 

microporation of MSCs with MC-HIF-1α cultured under hypoxic conditions (i.e. 2% O2), induced 

a KD of 72% and 18% of HIF-1α-mRNA and VEGF-mRNA 48h post-transfection, respectively. 

Also, transfection of HUVEC with MC-VEGFR2, induced a KD of 37% after 48h. Finally, 
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preliminary data of the in vitro tube formation assay showed that HUVEC cultured in 

conditioned media retrieved from MSC modified with MC-VEGF showed a reduction in total 

segment length, junctions and meshes, compared to non-modified MSCs suggesting a 

decrease in MSC angiogenic potential. 

In conclusion, this study provides important insights regarding the implementation of an MC-

derived RNAi-based system that targets pro-angiogenic molecules, aiming at slowing down 

tumour angiogenesis. 
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Over the last years, the NDM carbapenemases have been spreading worldwide, but Portugal 

has remained an almost NDM free haven with few reports describing NDM-producing strains 

in Portuguese territory. In this study, we characterized a clinical NDM-positive Escherichia coli 

strain to unveil its genetic background and understand the potential dissemination risk. 

Genomic DNA of the isolate Ec355340 was extracted and subjected to Illumina sequencing. 

Using tools from the Center for Genomic Epidemiology, Ec355340 was affiliated to ST156 and 

serotype O54:H28. Eight of the nine antibiotic resistance genes identified (blaNDM-5, blaTEM, 

qepA4, mdfA, mphA, dfrA12, aadA2, sul1, tetB) were in a FIB-FII plasmid (pEc355340_NDM-

5). blaNDM-5 and 4 other antibiotic resistance genes were identified in a novel complex class 1 

integron similar to others reported worldwide. Seventy-nine virulence genes encoding, e.g., 

survival mechanisms, secretion systems and adhesion factors, were detected with 

VirulenceFinder and VFanalyzer.  

Mating assays using E. coli CV601 as recipient yielded no transconjugants, but plasmid 

transfer by electroporation to TOPO10 cells was performed for MIC determination. Ec355340 

exhibited a multi-resistant phenotype to beta-lactams, fluoroquinolones and sulphonamides. 

TOPO10::pEc355340_NDM-5 showed an identical resistance profile, except for susceptibility 

to ciprofloxacin. 

This work constitutes the first report of NDM in Portuguese E. coli and the first report of NDM-

5 in Portugal. This novel genomic context of blaNDM highlights the importance of complex 

integrons in the dissemination of these carbapenemases. The genetic background of 
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Ec355340 and pEc355340_NDM-5 may represent a risk for the dissemination of NDM in 

Portugal, underlining the importance of monitoring programs. 
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The increasing prevalence of candidosis worldwide is mostly related to the ability of some 

Candida species to rapidly acquire azole resistance. Although azole drugs’ mode of action and 

resistance mechanisms have been widely studied, the players involved in mediating its 

entrance into fungal cells remained obscure for decades. 

In this work, three azole susceptible Candida glabrata clinical isolates were evolved towards 

azole resistance, through prolonged exposure to posaconazole. No changes in the sequence 

of the CgPDR1 or CgERG11 genes, considered the major contributors to azole resistance in 

C. glabrata, were found in the evolved resistant clinical isolates, suggesting the presence of 

unknown mechanisms underlying acquired azole resistance. Based on genome sequencing, 

CgHXT4/6/7 was found to be mutated in all evolved strains, when compared to their susceptible 

parents. Based on this indication, the expression of the putative hexose transporter CgHxt4/6/7 

was found to confer azole susceptibility in C. glabrata cells. In silico docking analysis was used 

to show that azoles display a strong predicted affinity for the glucose binding site of CgHxt4/6/7. 

According to the previous finding that azole drugs are imported through facilitated diffusion into 

fungal cells, CgHxt4/6/7 was found to be a glucose permease that appears to be hijacked by 

azole drugs to cross the plasma membrane. 

Altogether, we hypothesize that the acquisition of mutations in hexose transporter encoding 

genes may be a new evolution pathway leading to azole drug resistance in fungal pathogens. 
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With as much as 500,000 cases of infection reported per year with 14,000 associated deaths 

in the USA alone, and 125,000 cases/year with 3,700 deaths in Europe, the human pathogen 

Clostridioides difficile, is a major public health concern. Most of the infections are nosocomial 

and linked to the use of antibiotics which cause gut dysbiosis and allow the pathogen to 

expand. Carbapenems are a class of -lactams currently widely used in health care settings, 

that inhibit both penicillin-binding proteins (PBPs) with D,D-transpeptidase domains that 

catalyse the formation of 4-3 cross-links in the peptidoglycan (PG) and L,D-transpeptidases 

(LDTs), which form 3-3-type cross-links. In Clostridioides difficile, over 70% of the cross-links 

between adjacent stem peptides in the PG are of the 3-3 type and most strains are susceptible 

to carbapenems. The current wide use of carbapenems such as IMI is however causing the 

appearance and spreading of resistance. Interestingly, two clinical isolates of C. difficile with 

high-level resistance to IMI, have an acquired gene for an additional PBP, termed PBP5. This 

gene is absent from most epidemic strains suggesting that it was acquired from a different 

organism. In this work we show that PBP5 is a structural homolog of the MecA/PBP2a of 

Staphylococcus aureus and is not efficiently bound by carbapenems. In the absence of IMI, 

fluorescent vancomycin (Van-FL), which binds to D-Alanyl-D-Ala motifs in the PG, localizes 

mainly to the division septum but in the presence of IMI, it also decorates the lateral wall of the 

cell, concomitantly with the accumulation of PBP5 and a nearly complete shift to a PG with 

cross-links of the 4-3 type. PBP5, however, is not sufficient to confer resistance when 

transplanted to a laboratory strain. In the resistant strains, PBP1 and PBP3 or PBP3 alone, 

have substitutions near their transpeptidase active site which, at least for PBP3, make it less 

efficiently bound by β-lactams. It appears that PBP5 is central to ensure synthesis of PG in the 

presence of carbapenems with the endogenous PBP3 supplying an essential function that 

cannot be supplied by PBP5. Thus, the cooperation between an acquired and an endogenous 

PBP´s affords carbapenem resistance in C. difficile. 
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The long-term effect of colistin ban from food-animal production settings is still poorly 

understood as well as the potential impact of copper as co-selector of colistin-resistant (Col-R) 

bacteria or mobile colistin resistance genes-mcr. Recently, we revealed a decreasing 

occurrence of mcr-carrying Enterobacteriaceae from chicken-meat shortly after withdrawal of 

this last-resort antibiotic from Portuguese poultry farms [1]. However, further studies are 

needed: i) to confirm mcr absence at a long-term; ii) to evaluate the occurrence of Col-R/mcr-

negative bacteria throughout poultry production and its relationship with the different trace 

minerals feed formulations (inorganic-ITM and organic-OTM) used.  

We studied the diversity and persistence of Col-R Klebsiella pneumoniae (Kp) in 7 intensive 

chicken farms (2-year Col-free), where both OTM or ITM feed were used. Poultry flocks (n=18; 

9 OTM/9 ITM) were sampled in different stages at farm (P1-pooled feces of 2-3 days broilers; 

P2-pre-slaughter) and slaughterhouse (P3-pooled meat). Samples from the environment (18 

feed-F, 8 soil-S, 14 water-W) were also analyzed. Samples [25g in BPW+COL with/without 

enrichment (37°C/16-18h)] were plated in Kp selective SCAI/SCAI+Col media. Kp identified by 

MALDI-TOF MS/PCR were screened for mcr-(1-9) and pco/sil Cu tolerance-CuT genes, as 

well as for antibiotics and Cu susceptibility (standard methods). Clonality was assessed by 

FTIR spectroscopy using in-house databases+workflow.  

Col-R Kp (n=75; MIC=4->32mg/L; no mcr) were recovered at P1 (n=23; 10 flocks/6 

farms/F=2/S=1/W=1), P2 (n=48; 9 flocks/7 farms) and P3 (1 meat/farm), independently of 

OTM/ITM feed. Two major and persistent clonal groups were identified: i) Kp-I (n=24) in 3 farms 

(P1+P2+P3), presenting variable MDR profiles-67% and no CuT (MIC<16mM/no sil/pco 

genes); ii) Kp-II (n=17) in 1 farm (P1+P2+W), with MDR (including ciprofloxacin-100%, 

cefoxitin-94% and ceftazidime-41%) and CuT (MIC>16mM/sil±pco genes) profiles. Other 14 

Kp FTIR types (n=18) were found dispersed in all farms, different flocks/stages (P1/P2) and 

environments (F/S), with variable MDR/CuT profiles. 
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Here we highlight that both ITM/OTM flocks are associated with a high diversity of Col-R Kp 

clones devoid of mcr genes in Col-free chicken farms during all poultry lifespan, with variable 

persistence between farms/stages. The marked reduction of Col-R Kp in poultry-meat assures 

that measures at slaughter are successful. MDR and/or CuT phenotypes could contribute for 

the higher persistence of specific col-R Kp lineages but further studies are needed to clarify Kp 

dissemination dynamics and their potential selection drivers in poultry production towards food 

safety and sustainability.  

 

[1] Ribeiro, S., Mourão, J., Novais, Â., Campos, J., Peixe, L. and Antunes, P. (2021), From farm to fork: Colistin 

voluntary withdrawal in Portuguese farms reflected in decreasing occurrence of mcr-1-

carrying Enterobacteriaceae from chicken meat. Environ Microbiol. https://doi.org/10.1111/1462-2920.15689 
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Carbapenem-resistant Klebsiella pneumoniae represent a major healthcare threat that are also 

dispersed in natural environments. We hypothesize that the persistence of these bacteria or of 

their carbapenemase-encoding gene will be affected in the natural environment due to the 

occurrence of competitive microbiota. To test this hypothesis, the survival of two carbapenem-

resistant K. pneumoniae isolates was monitored in surface water microcosms. Both isolates, 

one clinical (from a patient) and one environmental (from river sediment) belonged to MLST147 

and harboured the blaKPC gene. 

Microcosms assays of surface water (SW) collected from a stream and ultra-pure water (UP) 

were sacrificed after 1, 3, and 8 days (T1, T3, T8) of incubation at 30 ºC. These assays 

comprised non-inoculated SW, and SW and UP inoculated with each of the test strains. 

Microcosms were collected for total heterotrophs enumeration and quantitative PCR, to 

quantify the blaKPC gene and four targets of the 16S rRNA gene (total, Gamma-, Alpha- and 

Beta-proteobacteria). The bacterial community of a microcosm was analysed based on the 

16S rRNA gene V3/V4 region sequencing. 

Total heterotrophic counts (log-units CFU/mL) decreased from 4-5 in non-inoculated or 5-6 in 

inoculated SW at T0 to 2-3 at T8, in both cases. The SW used in the assays contained the 

blaKPC gene at values ranging 3-4 log-units gene copy number/mL at T0, being observed 

decreases of 1 log-units over the incubation period. The inoculated blaKPC gene (difference in 

log-units /mL between inoculated and non-inoculated SW) decreased from 6 at T0 to 3 at T8. 

The sharpest decrease (2-3 log-units) was observed at T3, and this value was stable till T8. 

Clinical and environmental isolates presented similar variations. In the absence of a 

competitive native microbiota (UP) the abundance of the blaKPC gene was stable between T0 

and T8, evidencing the importance of the competing microbiota.  The phylum Proteobacteria 

was observed to be predominant in SW with the abundance of subgroups ranked as 

Gammaproteobacteria>Betaproteobacteria>Alphaproteobacteria (7>6>5 log-units) in both 
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non-inoculated and inoculated SW microcosms. From T0 to T8, Gammaproteobacteria 

decreased 1 log-unit, and the decrease of Alpha- and Beta-proteobacteria was <1 log-unit. 

The persistence of blaKPC
+ K. pneumoniae in surface water, for at least one week, may raise 

public-health concerns. The fact that this water already contained blaKPC and that the origin of 

the isolates did not influence their survival, alerts for the need of improved water quality and 

safety control. 
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Vancomycin-resistant Enterococcus faecium (VREfm) are a WHO priority pathogen but 

epidemiological studies about clinical VREfm circulating in Portuguese hospitals are lacking 

since the 2000’s. We aimed to characterize 169 VREfm (vancomycin-resistant or harboring 

van genes) obtained from diverse clinical specimens in two hospitals in the Porto metropolitan 

during 2009-2020. Genes coding for vancomycin resistance (vanA/vanB), replicases of 

plasmids commonly associated with vancomycin resistance [rep-pRUM/rep-pLG1/rep-

Inc18(rep1/rep2)] and an increased risk of human infection by VREfm 

(ptsD/hyl/IS16/esp/sgrA/orf1481) were screened by PCR. Clonality was established by MLST 

and core-genome-MLST in isolates presenting variable phenotypes and virulence/plasmid 

patterns. All isolates were resistant to ampicillin, ciprofloxacin, and erythromycin, 39% to 

gentamicin, 29% to tetracycline, 5% to quinupristin-dalfopristin and 1% to linezolid. Seven 

vanA-carrying isolates (4%) were vancomycin-susceptible (MIC=1-4 mg/L). vanA and vanB 

were detected in 165 and 4 isolates, respectively. Although all VREfm were clinically-

susceptible to linezolid, high MIC50s/MIC90s (4 mg/L for each) values were observed. Among 

13 sequence types (STs) identified in 50 selected VREfm, most (75%) were associated with 

the currently dominant clonal lineage ST78 worldwide, greatly represented by Efm-vanA ST117 

(n=15) and ST80 (n=12). Among ST117 in particular, a subpopulation globally linked to VREfm 

outbreaks named complex type (CT) 24, was identified in Porto hospitals since at least 2012. 

All 4 Efm-vanB were ST412. Most isolates carried IS16 (99%), sgrA/orf1481 (98% each), ptsD 

(89%) and esp (79%), while hyl was detected in 30%. Plasmid replicases were found at similar 

rates (35-55%), with a notorious decrease of rep-pRUM (from 91% during 1997-2008 to 55% 

in this collection), which used to be the commonest vanA-plasmid type in clinical VREfm. Our 

study makes a relevant update about VREfm clones circulating in Portuguese hospitals 
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throughout the last decade, supporting the recent clonal shift towards the dominance of 

particular clones that were previously absent/minor. A continuing surveillance of linezolid 

susceptibility levels is mandatory to preserve this last resource antibiotic and further studies 

will better explain the reasons/advantages behind the observed clonal/plasmid shifts. 

Significance/impact of the work: To the best of our knowledge, this is the first comprehensive 

study characterizing recent VREfm from human infections in Portuguese hospitals since 2005 

(doi: 10.1128/AAC.49.7.3073-3079.2005). Knowledge about dominant clones, their phenotypic 

behavior to the antibiotics useful in the treatment of E. faecium infections, as well as the 

virulence genes and plasmids they carry, is crucial for both scientific/medical communities to 

follow clonal trends in our region and optimize antibiotic stewardship.  
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Fish are considered an important source of food and revenue for millions of people globally, 

being estimated that its production in 2018 reached 179 million tons, 87% of which were used 

directly for human consumption. While the demand for fish may be rising, viral diseases are a 

major factor constraining fish trade and aquaculture production, affecting the development of 

fish industry with substantial economic losses worldwide. Furthermore, the increasing demand 

for seafood with the subsequent growth of aquaculture systems, and the impact of climate 

change, offer new opportunities for the transmission of both novel and previously characterized 

pathogens, namely viruses. 

Much of the knowledge on viruses is focused on those that can be propagated using cell-

cultures or that can cause disease in humans or in economically important animals and plants. 

However, this only reflects a small portion of the virosphere. Valuable insights into virus ecology 

and evolution are provided when using metagenomics approaches with benefits for 

aquaculture and food security.  

Accordingly, the aim of this study was to explore by targeted next-generation sequencing, how 

the virome varies between Atlantic horse mackerels and gilthead seabreams from fisheries and 

aquaculture from the center and south regions of Portugal.  

Viral genomes potentially pathogenic to fish and crustaceans, as well as to humans, were 

identified namely Astroviridae, Nodaviridae, Hepadnaviridae, Birnaviridae, Caliciviridae, and 
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Picornaviridae families. Also, bacteriophages sequences were identified corresponding to the 

majority of sequences detected, with Myoviridae, Podoviridae, and Siphoviridae, the most 

widespread families in both fish species. However, these findings can also be due to the 

presence of bacteria in fish tissues, or even to contamination. Overall, seabreams harbored 

viruses from a smaller number of families in comparison with mackerels.  

Our findings support that fish harbor a very large number of viruses, many of which are 

unknown, and that viral metagenomics is a useful tool to exhaustively characterize their viral-

associated diversity. Also, fish commonly sold in the markets, some of which consumed raw or 

undercooked in several dishes, harbor a wide range of viral genomes, much of them, 

unclassified. While cross-species transmission of bonafide fish viruses to humans is unlikely, 

the finding of human pathogenic viruses in fish suggest that fish virome can be a potential 

threat regarding food safety. 
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Animal tuberculosis (TB), caused by Mycobacterium bovis - one of the animal-adapted 

ecotypes of Mycobacterium tuberculosis complex (MTC) - is a (re)emergent disease in 

livestock, wild vertebrates, and humans.  

MTC ecotypes present a high level of similarity at the nucleotide level and are proposed to 

evolve as conservative, strictly clonal microorganisms. However, works considering M. bovis 

genome structure, composition and evolution are still scarce. In this study, we aimed to gain 

insights into M. bovis genome structure, composition and evolution. For this purpose, 

comparative genomic analyses of a whole genome sequence dataset encompassing 70 M. 

bovis strains, representing the entire M. bovis clonal complex diversity, was performed. A 

workflow strategy with pan-genome and functional classification approaches, plus ancestral 

reconstruction of gene gain and loss, was implemented. 

Results indicated an open and dynamic pan-genome, with 3897 CDS composing the accessory 

component, while the core-genome represents the smaller constituent, with 2736 CDS. The 

complementary ancestral reconstruction analysis evidenced an overall gene loss supplanting 

gene gain, with the majority of gene gains occurring in terminal branches. Moreover, the 

variance within the accessory genome component contributes for genome composition 

fluctuation, which might be of crucial importance for the adaptive responses of M. bovis. 

The corresponding pan-genome functional annotation disclosed “transcription” (total average 

CDSs, n=258), “lipid metabolism and transport” (n=242), “energy production and conversion” 

(n=214) and “unknown function” (n=876) as the most represented COG (Clusters of 

Orthologous Groups) categories. 

Altogether, and contrary to the paradigmatically view on clonal and conservative MTC 

genomes, our results show that M. bovis exhibits a puzzling genomic landscape, with high 

nucleotide identity, but high divergence in composition. Globally, we provide insights into the 

evolution of M. bovis on a population level and clarify clade-specific virulence signatures of 

field isolates.  
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Zika virus (ZIKV) is a mosquito-borne virus belonging to the same family, Flaviviridae, as 

dengue, West-Nile and yellow fever viruses. The rapid spread of ZIKV infections in the 

Americas caused a public health emergency of international concern due to its linkage to a 

dramatic increase in cases of microcephaly. Although the overall number of ZIKV-related cases 

has declined sharply after 2016, the virus might still be circulating unnoticed in several regions. 

This may potentially give rise to future epidemics among the more than 2 billion people who 

worldwide inhabit regions at risk for ZIKV transmission. Our objective was to characterize ZIKV 

genome-wide diversity and phylodynamics, to identify genomic footprints of differentiation 

patterns and to propose a dynamic classification system that reflects its divergence levels. We 

analyzed a curated dataset of 505 publicly available sequences spanning the full-length coding 

region of ZIKV, sampled across its geographical span. We applied a combination of methods 
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based on phylogenetics, clustering and evolutionary dynamics analyses. This integrated 

approach enabled us to identify the genetic subgroups within the two main genotypes, i.e., 

“African” and “Asian”. In this process we identified the most relevant mutations and investigated 

the most likely dispersion routes and explored the evolutionary processes involved. We found 

evidence of strong purifying selection, widespread across the genome, and of a few sites under 

positive selection. In our analyses, we did not find any evidence of recombination. Based on 

the identified genetic groups, we proposed a nomenclature that avoids geographical references 

and is flexible to accommodate future lineages. This classification, combined with the 

information on the identified mutations, will be a helpful tool for studies that involve ZIKV 

genomic variation and its association with pathogenicity, as well as to provide a reference for 

the study of future outbreaks of ZIKV. 
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Non-conventional yeasts are emerging alternatives for the sustainable production of value-

added compounds. Candida membranifaciens is an ascomycetous yeast that has been 

isolated from diverse habitats, including humans, insects and environmental sources. This 

species has a remarkable ability to use different carbon sources, in particular pentoses, 

melibiose, and inulin. Another interesting physiological trait was associated to a strain isolated 

from seawater, Candida membranifaciens subsp. flavinogenie W14-3, which was described as 

riboflavin (Vitamin B2) overproducer. However, the concentrations obtained were very low 

compared to other microbial overproducers used to produce this vitamin and no other strain 

from the species was so far described as riboflavin overproducer. Therefore, the 

biotechnological potential of C. membranifaciens remains poorly explored. In this work, C. 

membranifaciens strains isolated from soil in the IST laboratory were investigated regarding 

riboflavin overproduction in a growth medium without iron. All strains isolated from soil were 

found to overproduce riboflavin (accumulation of >10 mg/L), contrasting with the type strain C. 

membranifaciens PYCC 2727T that accumulated lower concentrations of vitamin B2. Strain IST 

626 was selected for its capacity to accumulate higher concentrations of riboflavin, up to 100 

mg/L, after preliminary optimization of growth conditions. To get further insights into the 

molecular basis of riboflavin production and carbon source utilization, the genome of C. 

membranifaciens IST 626 was sequenced and annotated and a comparative genomic analysis   
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with other relevant yeast species performed. Results highlight the role of C. membranifaciens 

as a riboflavin overproducing species and provide valuable molecular data for future 

development of superior strains. 
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Methanol is a promising feedstock for metabolically competent yeast strains-based 

biorefineries. However, methanol toxicity can limit the productivity of these bioprocesses. 

Therefore, the identification of genes whose expression is required for maximum methanol 

tolerance is important for mechanistic insights and rational genome engineering to develop 

robust methylotrophic yeast strains. This work describes the results of a chemogenomic 

analysis performed in that context. It was based on the screening of the Euroscarf 

Saccharomyces cerevisiae haploid deletion mutant collection to search for susceptibility 

phenotypes in YPD medium supplemented with 8% (v/v) methanol, at 35ºC, compared with an 

equivalent inhibitory ethanol concentration (5.5% (v/v)). Around 400 methanol tolerance 

determinants were identified, 81 showing a marked phenotype 
1
. The clustering of the identified 

genes indicates an enrichment of functional categories in the methanol dataset that are not 

enriched in the ethanol dataset, such as chromatin remodeling, DNA repair and fatty acid 

biosynthesis. Several genes involved in DNA repair (eight RAD genes), identified as specific 

for methanol toxicity, are also tolerance determinants for formaldehyde, a methanol 

detoxification pathway intermediate. The knowledge obtained and the list of identified genes 

are an important starting point for the improvement of methanol or of both methanol and ethanol 

tolerance in biotechnologically relevant yeast species. The N.C.Yeastract database 

(http://ncyeastract.org/) was used to facilitate the identification of S. cerevisiae tolerance genes 

orthologues in the non-conventional yeast species currently included in the database 2. Cross- 

species regulatory network comparisons were performed taking advantage of the information 

and bioinformatics tools in the YEASTRACT+ portal 
2,3

. Useful information was obtained to 

guide the genome engineering of the methylotrophic yeast Komagataella phaffii, the 

oleaginous species Yarrowia lipolytica and other yeasts that have to cope with methanol 

toxicity in industrial bioprocesses (e.g., when crude glycerol, a major byproduct from biodiesel 

industry, is used as feedstock).  
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Polyhydroxyalkanoates (PHA) demonstrate potential to replace fossil fuel-based plastics, but 

their applications are currently limited by high downstream costs.1 Furthermore, concerns 

regarding the environmental impact of PHA downstream processing have been arising.2 This 

work consisted on studying PHA recovery from dry biomass (25%-30% PHA), produced with 

paper-mill wastewater, by way of chemical digestion with sodium hydroxide (NaOH), and 

included the performance of a central composite design of experiments to determine the best 

digestion conditions. The results showed over 60% wt. of PHA loss, along with inefficient 

impurity removal. PHA loss was also observed in extraction with chloroform, and when washing 

the biomass with water. In this context, the best conditions for NaOH digestion were a 

concentration of 0.84 M and a digestion time of 0.8 h, which resulted in a product with 16% 

PHA. Further analysis suggested that PHA might have been damaged during production and 

broken into water-soluble fragments, and that the biomass impurities might be lignin fibers and 

calcium carbonate. Considering this, a lignin and calcium carbonate removal step was added. 

The highest PHA content obtained, 68%, resulted from treating the biomass first with acetic 

acid (50%) and oxygen peroxide (15%) for 2 h at 80ºC, and then with NaOH (0.84 M) for 0.8 h 

at 30ºC. This work presents an eco-friendly method to recover PHA from biomass produced 

using paper-mill wastewater, and a viable alternative to halogenated solvents. 
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Given the simplicity, versatility and high-efficiency of affinity tag-based separation and recovery 

systems, affinity tags have become indispensable tools for the purification of recombinant 

proteins produced by microbial hosts. Since downstream processing is the main contributor for 

the overall recombinant protein production costs, for applications such as enzyme 

immobilization and material functionalization, higher economic and ecological efficiencies can 

be obtained if purification and immobilization is integrated in a single-step [1]. Moreover, 

purification/immobilization schemes relying on low-cost, earth-abundant and eco-friendly 

purification matrices, such as silica and metal oxides, are highly desirable.  

Solid-binding peptides (SBPs) are short peptides that show selectivity and bind with high 

affinity to the surfaces of specific solid materials and thus have emerged as interesting 

alternatives to conventional immobilization methods [1]. Moreover, they allow the combined 

purification and immobilization of proteins/peptides onto natural, synthetic or hybrid materials 

in a single step.  

Envisioning the development of low-cost and eco-friendly single-step protein purification and 

immobilization processes, this study aimed at assessing the efficiency of selected SBPs as 

tags for affinity purification/immobilization of recombinant proteins onto silicon dioxide (SiO2) 

and iron oxide (Fe3O4) micro/nanoparticles. For that, three SBPs (His-tag, CotB1p, Car9 [1]) 

were fused (alone or in combination) to a monomeric EGFP, which was used as model protein. 

Non-tagged EGFP was used as control. After recombinant production in Escherichia coli, the 

cellular lysates containing the tagged/non-tagged EGFP were incubated with different amounts 

of solid matrices, namely SiO2 and Fe3O4 micro/nanoparticles, until reaching the maximum 

load. After optimization of the binding, washing and elution steps, the performance of the tags 

were compared by determining the % of binding, recovery yield and purity of the tagged 

proteins. All tags bound specifically to both SiO2 and Fe3O4 particles. Depending on the tag-

matrix system used, proteins with up to 96 % purity could be obtained with recovery yields up 

to 70 %. The combination of tags improved the binding strength, allowing more stable 

immobilization. Thus, for single-step purification and immobilization purposes the combination 

of tags is preferable, while the use of a single tag is more suitable for purification purposes. 
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The economic viability of second generation bioethanol has been pursued for several years, 

with struggles such as the high cost of enzymes and low ethanol titers receiving great attention. 

Saccharomyces cerevisiae is the preferred microorganism for bioethanol production and has 

been extensively studied and genetically modified for optimization of lignocellulosic processes. 

Moreover, S. cerevisiae strains isolated from industrial environments have shown increased 

robustness and fermentative capacities in lignocellulose-to-ethanol processes. In this work, we 

tested different industrial strains as hosts to construct a S. cerevisiae strain with cell-surface 

display of cellulases to reduce the enzyme load of costly commercial enzymes. Another 

approach to improve the profitability of 2nd generation bioethanol processes has been the 

supplementation of lignocellulosic fermentation media with cheese whey. Considering this, 

cheese whey -a by-product of the dairy industry rich in lactose and nitrogen sources- was 

added to the process to avoid commercial supplementation of nutrients, and as an additional 

carbon source to improve the final ethanol titer. For that, the cellulase-displaying S. cerevisiae 

was further modified to display β-galactosidase to consume the lactose present on cheese 

whey. Using S. cerevisiae CAT-1 as background, a robust lactose-consuming cellulolytic strain 

was constructed, which allowed the production of high ethanol titers (47 g/L) from a mixture of 

hydrothermally pretreated corn cob and cheese whey, using low quantities of 

commercial cellulases (5 FPU/g corn cob). An economical analysis showed that this developed 

strain resulted in a 2.5-fold increase in annual ethanol production and in a 60% reduction in 

material costs in comparison with the non-engineered CAT-1. This multi-feedstock approach 

results on the valorization of both lignocellulosic biomass and agro-industrial residues, allowing 

to simultaneously increase carbon source and decrease costs with nutritional supplementation 

and ultimately attain a more efficient ethanol production. 

 



2.1 Biotechnology and Sustainability I 

 

116 
 

Funding: This study was supported by the Portuguese Foundation for Science and Technology (FCT, Portugal) 

under the scope of the strategic funding of UIDB/04469/2020, the MIT-Portugal Program (Ph.D. Grant 

PD/BD/128247/2016 to JTC), and Biomass and Bioenergy Research Infrastructure (BBRI)- LISBOA-01-0145-

FEDER-022059 funded by the European Regional Development Fund (ERDF) under the scope of Norte2020 - 

Programa Operacional Regional do Norte. 

 

 

  



2.1 Biotechnology and Sustainability I 

 

117 
 

O.247. Impact of a DedA family protein in Indium Bioaccumulation by  

a Rhodanobacter sp. B2A1Ga4 strain 

 

Joana Bonito Caldeira1, Ana Paula Chung1, Paula Vasconcelos Morais1, Rita Branco1 

1University of Coimbra, Centre for Mechanical Engineering, Materials and Processes, Department of Life 

Sciences, Coimbra, Portugal 

 

Indium (In) is a critical high-tech element that is widely used in electronic equipment. The 

scarcity of this critical metal and the high risk associated with the supply are major challenges 

to the sustainable development of industries. Therefore, there are challenges to increasing 

recovery rates of critical metals, reduce the resource use and environmental impacts. 

Objectives: This work pursuit to understand the biological mechanisms behind bacterial-In 

interactions. This knowledge might be useful to the development of technical procedures to 

potentiate bioremediation and biorecovery of this metal using bacteria as eco-friendly 

techniques. The study focuses on the potential mechanism behind of the In resistance ability 

of strain Rhodanobacter sp. B2A1Ga4, which involves the role of the DedA family protein YqaA 

in In extrusion from the cells.  

Results: Mutation of the yqaA gene that encoding for a DedA family protein, affected 

significantly the growth of strain in the presence of In as well as its cellular metabolic activity. 

Mutant cells exhibited higher capacity to accumulate In inside the cells (4- fold higher) 

comparing to the native strain. Moreover, it was observed In retention by the mutant strain for 

long periods such as 4 days of growth, while the native strain B2A1Ga4 showed In extrusion 

after 24 h of growth. The highest amount of In detected in native cells was complexed on the 

cellular surface, but mutant strain accumulated the largest fraction of In inside of cells, with 

69% of the total In measured in cellular pellet.  

Conclusions: These findings indicate that this DedA family protein could play a role in In efflux 

process as a membrane transporter in Rhodanobacter sp. strain. 

Impact of the work: Rhodanobacter sp. B2A1Ga4 mutant strain might contribute to a better 

strategy of In recovery from metal-contaminated environments and provide a valuable and 

promising biotool for In remediation and recovery. 
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Saccharomyces cerevisiae is an important study subject due to its potential to be used as a 

cell factory. Uptake influx and product efflux manipulation helps improve cell factories. This 

control can be done by studying plasma membrane transporters. ScAto1 is a member of the 

Acetate transporter family (AceTr) and is responsible for acetate uptake in S. cerevisiae. A 

common feature in AceTr family members is the FLY constriction site in the zone where the 

proteins pore tightens the most. The ScAto1 mutant alleles were analyzed by bioinformatics 

structure visualizations software to validate the physiological data. Based on CkSatP structure, 

the 3D structure of the ScAto1 mutants was obtained. Further, the pore radius of the proteins 

were simulated with HOLE software, and molecular docking tools allowed the prediction of 

substrate the binding sites. This was followed by confirmation that the mutant proteins were 

properly located in the membrane via fluorescence microscopy and assays with radiolabeled 

carboxylic acids to evaluate the transporter’s activity. The mutations in the FLY site, namely 

the F98 and L219 residues, showed significant phenotype alterations. With this in mind, the 

differences between the pore radiuses along the mutants were analyzed. It was shown that an 

increase in pore radius matched the increased in substrate range as the mutants were able to 

grow on lactic and succinic acids, whereas the decrease in the pore radius most likely led to 

the complete loss of function. It’s evident that engineering of the FLY constriction site directly 

influences substrate specificity and could explain why AceTr family members can also transport 

higher molecular weight acids such as succinate.  
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Plastics are present in the majority of daily use products. Due to the society production and 

consumption patterns, plastics are accumulating in the environment, causing pollution issues 

and intergenerational impacts on the life and health of organisms.1 

Actinobacteria have numerous distinct metabolisms, including the degradation of complex 

polymers. In this way, this study aimed to find and develop solutions and sustainable methods 

to mitigate the plastic environmental problem, investigating the ability of marine-derived 

actinobacteria to accelerate plastics biodegradation and, at the same time, their ability to 

produced bioplastics.  

The screening of thirty-six marine-derived actinobacteria strains was performed to evaluate 

their biodegradability potential. Three actinobacteria strains were selected -Streptomyces 

gougerotti, Micromonospora matsumotoense, and Nocardiopsis prasina- and used in plastic 

films biodegradation assays with low-density polyethylene (LDPE), polystyrene (PS), and 

polylactic acid (PLA). Also, different conditions were tested, such as pre-treatment with UV 

radiation to the plastic films and the addition of yeast extract to the culture media to perceive 

its influence in biodegradation. In both cases, enhanced degradation by microorganisms was 

observed. Biodegradation of films was monitored by weight loss, changes in surface chemical 

structure by infra-red spectroscopy and changes in the mechanical properties of the films, 

based on tensile strength tests. The results revealed that S. gougerotti and M. matsumotoense 

cleaved the LDPE polymer backbone, and N. prasina cleaved PLA polymeric films. In fact 

Nocardiopsis has been identified as a new genus with the ability to degrade PLA. 

In conclusion, S. gougerotti, M. matsumotoense, and N. prasina have the potential to use 

conventional plastics as a carbon source. Moreover, S. gougerotti and M. matsumotoense 

were able to biodegrade conventional plastics and possibly transform them into bioplastics, 

through the production of PHA inclusions. 
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Zymomonas mobilis (ZM) is an ethanologenic bacterium with outstanding characteristics which 

makes it an interesting chassis for the biotechnological production of prebiotics. 

Fructooligosaccharides (FOS) are promising prebiotics in the increasing market of functional 

food. In this work, a Box-Behnken design approach was used to optimize the medium 

composition and maximize the FOS content. Under optimal conditions, 45.3 g/L of FOS were 

obtained. Sucrose was the most significant variable; thus, its concentration was further 

increased to 350 g/L leading to a 1.13-fold enhance in FOS titer. Afterwards, a scale-up to 

bioreactor was performed resulting in a high yield, content and productivity of FOS (58 %, 156.5 

g/L 4.8 g/L h). Furthermore, 45 g/L of sorbitol and 8 g/L of levan were also produced. After 

purification of the FOS mixture through an activated charcoal column, an in vitro model using 

human fecal inoculum was used to assess its prebiotic potential. The results suggest that the 

produced prebiotic mixture has potential to be used to improve the human health. 

The present work describes for the first time the production of a prebiotic mixture with ZM ZM4 

in an in vivo single-step approach that has potential to be commercialized as functional food 

ingredient.  
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Biorefineries are key players in bioeconomy scenario, but their sustainability is strongly related 

to the origin of the feedstock. Therefore, biorefineries based on residual biomasses are 

increasingly of industrial interest, to overcome drawbacks of the use of edible resources. To 

unlock the nutrients (i.e. sugars) present in lignocellulosic biomasses the use of enzymes is 

becoming pivotal, due to their low environmental impact, available portfolio and applicability in 

different processes [1]. We focused our work on the exploitation of leftovers from Camelina 

sativa oil extraction, called Camelina meal, mainly used as animal feed, to produce carotenoids 

by fermentation of Camelina meal-derived sugars with the yeast Rhodosporidium toruloides, a 

natural producer of these high-value products. In fact, since most of the market of carotenoids 

is covered by petrochemical synthesis, there is an increasing quest for molecules of natural 

origin, considering their applications in the food, feed and cosmetic sectors. 

In order to exploit Camelina meal for this purpose, the biomass was saccharified by enzymatic 

hydrolysis to obtain a sugar mixture then converted by R. toruloides into the carotenoids in 

both Separated Hydrolysis and Fermentation (SHF) or Simultaneous Saccharification and 

Fermentation processes (SSF) [2]. The possible outcomes of the process are therefore pure 

carotenoids or Camelina meal enriched in carotenoids, to be use in the feed sector. In addition, 

the loading of enzymatic cocktail was reduced to increase economic appeal to the proposed 

processes. Initial content of total solid was also modulated, in order to improve carotenoids 

productivity. The process was further tested at the bioreactor level in order to assess the 

reliability of data from shake flasks fermentations [3]. This work paves the way to the use of an 

underrated biomass to produce a relevant commodity for several sectors in the light of 

cascading principles of bioeconomy. 
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Oil and gas industry is responsible for the generation of large volumes of oil-contaminated 

wastewaters, such as saline produced water (PW), that without proper treatment can cause 

environmental contamination. Alcanivorax borkumensis SK2 is a biosurfactant producer 

capable of degrading and converting hydrocarbons into bacterial lipids under nutrient limiting 

conditions (e.g. nitrogen and/or oxygen). Recently, the industrial interest in biosurfactants and 

bacterial lipids for biotechnological applications (e.g. bioremediation or biofuels production) is 

increasing. Pursuing the interest of treating and simultaneously valorizing PW, a sequencing 

batch airlift reactor (SBAR) strategy consisting of sequential cycles of feast and famine stages 

was developed. A. borkumensis SK2 was used as bioreactor inoculum and the effect of cycle 

duration, total petroleum hydrocarbon to nitrogen ratio (TPH/N) and dissolved oxygen (DO) 

concentration (7-8 mg L-1 and 2-3 mg L-1 (famine and feast stage); and 7-8/1-2 mg L-1 

(famine/feast stage)) were investigated. The system provided an efficient PW treatment, 

achieving TPH removal efficiencies in a narrow range from 90 ± 2.1 to 96 ± 1.8 %. Intracellular 

lipid production increased from 0.48 to 0.74 g g-1 of cellular dry weight (CDW) with the 

application of higher feast stage duration and lower TPH/N ratios suggesting that nitrogen 

availability is the most relevant factor to promote accumulation. Under 2-3 mg L-1 and 7-8/1-2 

mg L-1 of oxygen, lipid accumulation dropped to 0.50 g g-1 of CDW. Intracellular lipid profile 

changed according to the DO concentration. Triacylglycerols (TAG) and wax esters (WE) were 

accumulated under maximum and limiting DO concentrations, while polyhydroxyalkanoates 

(PHA) accumulation was triggered by the application of alternated DO conditions, indicating 

that the type of intracellular compound can be selected by manipulating the oxygen 

concentration in the SBAR. Extracellular lipid production (TAG and WE) was not significantly 

affected by none of the operational conditions applied (0.06 g L-1). Moreover, the production of 

a cell-bound and an extracellular glycolipid biosurfactant capable of reducing the medium 

surface tension from 65 to approximately 41 mN m-1 was observed. The proposed strategy 
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showed that biological PW treatment in a SBAR can be a sustainable process through the 

production of added-value compounds contributing to a circular economy model. This research 

was supported by the Portuguese Foundation for Science and Technology (FCT I.P.) and 

European Regional Development Fund (ERDF) under the scope of project SaltOil+ (POCI-01-

0145- FEDER-030180) (Portugal 2020, COMPETE 2020); Rita M. Silva PhD grant 

(SFRH/BD/116154/2016) was funded by FCT.  
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Land-based aquaculture industries generate high volumes of wastewater containing low 

concentration of carbon and nutrients that, if not properly handled, can pose a major 

environmental impact on the receiving water bodies and ecosystems. To face the current water 

scarcity and mitigate the pollution triggered by the rapid expansion of these industries, the 

development of treatment systems that allow water recirculation is of utmost importance. 

Florfenicol (FF), a broad-spectrum antibiotic, is sporadically present in aquaculture streams 

which may cause deleterious effects on the biological wastewater treatment systems and on 

the receiving ecosystems.  

This work aimed to evaluate the granulation of microalgae biomass with marine aquaculture 

effluents, without the need of any carrier, and its ability to remove nutrients in streams 

containing FF. A photo-sequencing batch reactor was inoculated with a suspended microalgae 

consortium enriched from water collected at a marine aquaculture facility and was fed with 

synthetic wastewater mimicking marine aquaculture streams. Rapid granulation occurred, with 

microalgae granules representing ca. 49% of the total reactor biomass around day-21. Overall, 

the microalgae granules exhibited high and stable organic carbon and ammonium removal 

efficiencies of more than 40 and 90%, respectively. During FF shock loads, ammonium removal 

efficiency slightly decreased to ca. 80% while carbon removal was unaffected. Nitrate was the 

main N species in the reactor effluent, but nitrite concentration exceeds the fish toxicity limit for 

adequate water recirculation. Up to 11% of the fed FF was removed in the reactor. Production 

of pigments, biomarkers of cell viability, increased exponentially until day-64, ca. 23 times, 

stabilizing thereafter.  

This study emphasizes the robustness of microalgae granules to remove carbon and 

ammonium from marine aquaculture streams, even in periods of FF load. The implementation 

of such systems in marine aquaculture facilities is a feasible and compact solution, however 

further improvement of the removal performance is needed to reduce nitrite levels if water 

recirculation is aimed for. 

Acknowledgements: This work was financed by National Funds from FCT through the project GReAT-

PTDC/BTA-BTA/29970/2017 (POCI-01-0145-FEDER-029970). Authors thank the scientific collaboration of 

CBQF under the FCT project UIDB/50016/2020. 
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Exoelectrogens microrganisms are presently in the spotlight due to their particular respiratory 

mechanisms and potential application in several biotechnological fields, including 

bioremediation, bionergy production and microbial electrosynthesis [1]. All these emergent 

applications rely on the capability of exoelectrogens to perform extracellular electron transfer 

(EET), a mechanism that permits the bacteria to transfer electrons to the environment. These 

respiratory pathways encompass different multiheme cytochromes along the inner membrane, 

periplasmic space and outer membrane. CbcL from Geobacter sulfurreducens is an inner-

membrane associated multiheme cytochrome that plays an essential role in EET to final 

electron acceptors with a low redox potential, as Fe(III) oxides and electrodes poised at – 100 

mV [2]. CbcL has a membranar di-heme b-type cytochrome domain, with six transmembrane 

helices, linked to a periplasmic cytochrome domain containing 9 c-type heme groups. 

CbcL´s periplasmic domain  was heterologously expressed, purified, and structurally and 

functionally characterized by different spectroscopic techniques. The secondary structural 

elements and the thermal stability of CbcL were determined by Circular Dichroism. The 

reduction potential of the protein was measured by UV-visible potentiometric redox titrations at 

different pH values. Finally, Nuclear Magnetic Resonance was used to determine the spin state 

of the heme groups and to probe the biomolecular interactions with the periplasmic triheme 

cytochrome PpcA. The results obtained showed for the first time how electrons are injected 

into the periplasm and permit their subsequent transfer to the cell’s exterior. 

 

1. Kumar, R.; Singh, L.; Wahid, Z. A.; Din, M. F. M. Exoelectrogens in Microbial Fuel Cells toward 

Bioelectricity Generation: A Review. Int. J. Energy Res. 2015, 39 (8). 

2. Zacharoff, L.; Chan, C. H.; Bond, D. R. Reduction of Low Potential Electron Acceptors Requires the CbcL 

Inner Membrane Cytochrome of Geobacter sulfurreducens. Bioelectrochemistry 2016, 107, 7–13.  
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Efficient use of lignocellulosic hydrolysates in yeast-based biorefineries requires the 

simultaneous consumption of hexose and pentose sugars. This remains a key bottleneck 

because of the low number of specific pentose transporters identified and the slow rate of 

pentose uptake when glucose is present. To aid the identification of novel pentose transporters, 

we recently developed a K. marxianus screening platform by deleting 12 genes that encoded 

transporters of the major facilitator superfamily (MFS). Using this ΔPT platform, we identified 

several native K. marxianus transporters that recovered the native strain’s ability to grow on 

either or both xylose or arabinose (1). We then carried out kinetic studies on the most promising 

candidates using14C -labelled sugars. One member of these transporters showed high affinity 

for both xylose and glucose, though the affinity for glucose was still 150-fold higher than for 

xylose. We chose this as a candidate for engineering in an attempt to convert the protein into 

a specific xylose transporter. We used in silico analysis to select targets for site-directed 

mutagenesis and made and characterised several mutants. One of these mutants lost the 

capacity to transport glucose but still transported xylose with higher affinity kinetics. This 

successful reprogramming of the transporter to increase its preference for xylose over glucose 

was used to facilitate efficient co-consumption of hexose and pentose sugars in a novel K. 

marxianus strain. 

 

(1) Donzella L, Varela JA, Sousa MJ, Morrissey JP. Identification of novel pentose transporters in 

Kluyveromyces marxianus using a new screening platform. FEMS Yeast Res. 2021 May 

10;21(4):foab026. 
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Acorns are very rich in phenolic compounds, namely tannins and flavonoids, but this fruit is 

belittled mainly due their astringency. However, these compounds have shown to have 

numerous health benefits and tannins are very valuable for the leather industry. To valorize 

such benefits, the effect of two different dehusking methods (thermal dehusking and dehusking 

by drying) on the free and bound phenolic contents, and corresponding antioxidant activity of 

three different Quercus spp. acorn (Q. pyrenaeca, Q. robur, and Q. ilex) harvested in Peneda-

Gerês National Park was studied. 

It was found that the free phenolic fraction was composed by tannins, gallic and ellagic acids, 

and some flavonoids, while in the bound phenolic fraction was found mostly flavonoids and 

small amounts of gallic and ellagic acids. The Q. robur acorns had the overall highest free 

phenolic contents (namely flavonoid, tannin, gallic, and ellagic acid contents) and antioxidant 

activity values. The effect of thermal dehusking and dehusking by drying on free phenolics and 

antioxidant activity was dependent on the Quercus spp. These variations were highly 

correlated with flavonoids, tannins, and gallic acids, indicating that the changes on the phenolic 

contents and antioxidant activity could have been due to the alterations on flavonoids, tannins, 

and gallic acid contents. Regarding the bound phenolics, the thermal dehusking increased the 

phenolic and antioxidant activity values from 19 to 92% and 19 to 873%, respectively regarding 

the manual dehusking. Dehusking by drying methods increased the phenolic contents and 

antioxidant activity values from 67 to 190% and 92 to 676%. These variations were positively 

correlated with the increase of flavonoid, gallic and ellagic acid contents, indicating that the 

increase of the phenolic and antioxidant activity values might have been related to these 

compounds. 

The free phenolics and antioxidant activity values of commercial acorns were higher than Q. 

pyrenaeca and Q. ilex acorns, but lower than Q. robur. Concerning the bound phenolics and 

antioxidant activity, the contents were like Q. pyrenaeca acorns, but lower than Q. robur or Q. 

ilex. Thus, the harvested acorns can be potential new source of phenolic compounds. 
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Pharmaceutical compounds are originated essentially from anthropogenic activities and end 

up in wastewater treatment plants (WWTP). Despite the low concentrations usually detected 

in wastewater (ranging from ng L-1 to µg L-1), levels of mg L-1 have been detected in some 

countries. Moreover, in conventional WWTP these compounds are hardly degraded and tend 

to accumulate in sludge, being an environmental and public health problem. 

A possible treatment and valorization of contaminated sewage sludge is through anaerobic 

digestion, but for that purpose, the effect of these micropollutants on the activity of crucial 

microbial groups present in the anaerobic sludge (i.e., acetogenic and methanogenic 

microorganisms) must be assessed. 

In this work, the effect of ciprofloxacin (CIP), ibuprofen (IBP), diclofenac (DCF), and 17α-

ethinylestradiol (EE2), on the activity of acetogenic and methanogenic anaerobic communities 

was investigated1. The microorganisms respond dissimilarly to these micropollutants, at 

different concentrations (0.01-100 mg L-1), but in general they were more affected by CIP, 

followed by EE2, DCF and IBP. The specific methanogenic activity (SMA) was not affected in 

concentrations ranging from 0.01 to 0.1 mg L-1. However, acetoclastic methanogens were the 

most sensitive microorganisms, being affect by all the pharmaceuticals, at higher 

concentrations. The SMA of these microorganisms was inhibited ≈20% by 1 mg L-1 of CIP, and 

circa 50% with higher concentrations. Acetogenic bacteria were not affected by IBP at all the 

tested concentrations, but they were sensitive to CIP at concentrations above 1 mg L-1, and to 

DCF and EE2 at concentrations above 10 mg L-1. Instead, hydrogenotrophic methanogens 

were not affected by any concentration, indicating their lower sensitivity.  

It can be concluded that methanogenic communities were not severely affected by these 

pharmaceuticals. So, the application of anaerobic digestion for the treatment of wastewater 

and sewage sludge contaminated with pharmaceuticals seems promising. Indeed, another 

study showed that CIP can be removed by anaerobic sludge in the presence of carbon 

materials (99% removal), and treated wastewater was much less toxic than before the 

treatment (≈46% detoxification), as assessed with the standard bioassay using Vibrio fischeri2. 
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Oil spill accidents are likely to occur inside maritime ports given the high traffic and oil refueling 

operations. Bioremediation with hydrocarbon-degrading bacteria is a promising, 

environmental-friendly and efficient technique that could be considered in this context. In 

2019, a leakage of fuel oil took place inside a harbor in the SW of Portugal due to bunkering 

operations. Five days later, samples of contaminated seawater and spilled oil were collected 

to (i) study the native microbial community responsible for degrading the spilled oil and (ii) 

assess the efficiency of a hydrocarbon-degrading lyophilized bacterial consortium. For that, 

two laboratory experiments were carried out simultaneously using a contaminated 

seawater/spilled oil ratio of 20:0.5, namely: (i) an enrichment experiment, with the addition of 

nutrients; and (ii) a microcosm experiment, with three conditions, natural attenuation (NA) 

(seawater+oil), biostimulation (BS) (seawater+oil+nutrients), and a combination of 

biostimulation with bioaugmentation (BA) (seawater+oil+nutrients+lyophilized bacterial 

agents). Both experiments were placed under constant agitation, in the dark, for 30 days. 

 A characterization of the prokaryotic communities in the contaminated seawater and in 

samples collected after 15 (T15) and 30 (T30) days of enrichment, was performed by 16S 

rRNA gene metabarcoding analysis. For the microcosms, the abundance of oil-degrading 

bacteria was assessed throughout time by the most probable number (MPN) method. For 

both experiments, samples were collected along time for cultivation in solid medium of oil-

degrading bacterial strains, which were later identified using the 16S rRNA gene as the 

molecular marker. Results indicated a microbial community shift after 15 days of enrichment, 

characterized by a decrease in the microbial diversity and an increase in dominant taxa 

associated to hydrocarbon degradation. Even with a subsequent diversity increase, at the end 

of 30 days, microbial communities of T15 and T30 revealed similar taxonomic profiles, where 
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the known oil-degrading genera Alcanivorax and Thalassospira were dominant. In this work, 

a total of 95 bacterial strains, including 5 species of obligate hydrocarbonoclastic bacteria, 

were identified. The application of the lyophilized bacterial consortium to the BA treatment 

enhanced the biodegradation process by increasing the abundance of oil-degraders along 

time. Furthermore, the introduced lyophilized bacteria (Rhodococcus erythropolis and 

Pseudomonas sp.) were recovered throughout the first 3 weeks of the experiment, underlining 

their contribution for oil degradation. The present work provides a basis for a possible 

application of lyophilized bacterial agents to tackle oil spills inside maritime ports. 
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Microorganisms inhabit all possible environments including hypogean environments. Microbes 

are often harmful for cultural assets (eg, paleolithic paintings). Moonmilk, a secondary 

speleothem found inside karst caves and is a problem that plagues rock art. Caves are 

considered as extreme environments due to very little or complete absence of sunlight and 

limited interaction with the outside ecosystem. This determines the growth of very specific 

microorganisms that can easily adapt to these extreme conditions playing an important role in 

the development of biotransformations inside the caves, namely biomineralization and 

probably in the formation of moonmilk and leading to potential degradation of cave art. 

Moonmilk is identified by its distinctive crystalline fibre, referred to as Needle Fibre Calcite 

(NFC).  

Moonmilk formation is not completely understood being attributed to abiotic processes and / or 

mediated by biotic processes. This study deals with the identification of the microorganisms 

sampled in three non-ornated caves - named Leye, Pillier and Racine - in the Vézère Valley 

(Dordogne, France). Leye is considered as a “laboratory cave”, because it is very similar to 

Lascaux, located in the same region but without any cave art, mimicking the environmental 

conditions and making it an ideal cave to carry out multidisciplinary studies where sampling is 

allowed. The other two caves (Pillier and Racine) are also important because they show the 
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same moonmilk presence and enable to check the variability of these bioinduced minerals. 

These two caves have not been submitted to any kind of study yet. 

In situ microscopy confirmed the existence of microorganisms and needles. In vitro culture 

showed the presence of bacteria. High Throughput Sequencing (HTS) was used to explore, 

compare and characterise the microbial communities present in the cave. Scanning Electron 

Microscopy helped us discriminating the different types of needles along with microbial 

deposits present in the caves.  SEM micrographs show the presence of various needles: 

monocrystalline, polycrystalline and serrated, which occur due to biomineralisation. Bacterial 

communities are mainly composed by Proteobacteria, Actinobacteria, Firmicutes and 

Verrucromicrobia. Taking into account these data, the next step is to perform some simulation 

assays to better understand the microbial involvement for the growth of moonmilk. 

 

Keywords: Moonmilk, Needle Fibre Calcite, prehistoric caves, Vézère Vallée, HTS, SEM imagery, conservation. 
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The GreenRehab project aims at developing a rehabilitation system for burned soils based on 

the inoculation of native cyanobacteria and microalgae. These photoautotrophic 

microorganisms improve the soil properties and promote the establishment of biocrusts, that 

in turn support the emergence of communities of higher complexity [1, 2]. A total of 6 

cyanobacteria (1 unicellular, 3 filamentous and 2 filamentous heterocystous) and 4 microalgae 

(2 unicellular and 2 filamentous) were isolated from soil biocrusts collected at Mortágua 

Municipality (Viseu, Portugal), using techniques such as repetitive streaking and serial dilutions 

in selective media. The isolates are being characterized using a polyphasic approach that 

includes morphological and ultrastructural analyses, sequencing of molecular markers, and 

phylogenetic analyses. In addition, a metabarcoding approach was developed to directly 

assess the soil/soil biocrusts cyanobacterial community. Our metabarcoding results indicate 

that our samples contain mainly not yet described cyanobacterial genera/species.  

In parallel, other team members (FCUP/GreenUPorto, and CIBIO) are performing microcosm 

experiments to assess the ability of the microorganisms to improve soil properties/act as growth 

enhancers, established and validated a standard operating procedure for ecotoxicological tests 

using soil microalgae [3], and developed the methodology to evaluate fire impact and post-fire 

recovery using an unmanned aerial vehicle (UAV) with a multispectral camera [4]. The best 

performing microorganisms in the microcosm experiments are being cultivated in large scale 

to be part of a consortium that will be dispersed in restricted burned areas. The soil properties, 

microbial community, edaphic fauna, and vegetation will be assessed before and after the 

inoculation. By the end of this project, we intend to have a low-cost, eco-friendly, easy-to-

implement system for the rehabilitation of burned soils and a protocol to evaluate the success 

of the post-fire ecosystem recovery. 
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Anaerobic digestion (AD) is a mature technology that contributes to the sustainable 

development through the production of energy and products, using microbes as key players.  

Oxygen, formerly thought as the nemesis of AD, has been shown to benefit the AD processes 

when provided in vestigial doses [1]. The beneficial effects of micro-aeration have been 

attributed to the increased activity of facultative anaerobic bacteria (FAB). Besides being 

involved in fermentation and acidogenesis, FAB have been referred to act as a protective shield 

against the damaging effects of oxidative stress to the strict anaerobic communities [2]. 

However, their role in the syntrophic degradation of fatty acids is not clear. In this work, the 

relationship between syntrophic bacteria (Syntrophomonas wolfei (Sw) and S. zehnderi (Sz)), 

methanogens (Methanospirillum hungatei (Mh) and Methanobacterium formicicum (Mf)) and 

FAB (Pseudomonas strains (Ps)) was investigated, during the degradation of short (C4, 

butyrate), medium (C8, octanoate) and long (C16, hexadecanoate). The syntrophic co-cultures 

were pre-grown and the Pseudomonas spp. were further added, along with each substrate, 

over a range of O2 concentrations (0-2 % v/v). A second transfer was performed, exposing 

each of the cultures to O2 concentrations between 0-2% (v/v).  

In the presence of O2 (even at the lower concentrations) the activity of the syntrophic co-

cultures sharply decreased or even disappeared. However, in the presence of Pseudomonas, 

methane production occurred, reaching the theoretically expected at days 3, 8 and 28 under 

0%, 1% and 2% O2, respectively. These results were obtained for C8 degradation in the 

presence of Sw+Mh+Ps. The same tendency was observed for C4 and C16 degradation with 

both consortia. Additionally, in the 2nd transfer, the cultures previously exposed to O2, 

maintained their activity being able of completely convert substrates to methane, under anoxic 

and microaerophilic conditions.  

These results show the essential role of Pseudomonas in the protection of syntrophic co-

culture activity allowing fatty acids degradation under microaerophilic conditions. Therefore, in 

real AD systems, where vestigial O2 can be detected, the presence of FAB may result in more 

stable, resilient, and functional syntrophic communities. 
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Water recirculation in marine aquaculture is fundamental for the protection of water resources 

and for the sector sustainability as it enables to reduce water usage 1. Microalgal-bacterial 

granular sludge (MBGS) has the potential to increase the removal efficiency of pollutants from 

wastewaters benefiting from the diverse metabolism allowing water recirculation. Moreover, 

MBGS would allow costs reduction both in biomass separation from the treated water given 

the rapid settling properties and in aeration due to microalgae oxygen production 2. 

This study aimed to develop MBGS able to treat marine aquaculture effluents. For that, a lab-

scale photo sequencing batch reactor was inoculated with activated sludge, previously adapted 

to salty wastewater, and a microalgae consortium enriched from water collected at a marine 

aquaculture. Feeding composition was established to simulate marine aquaculture streams.  

The aggregation of microalgal and bacterial biomass to form granular structures occurred 

rapidly. Throughout the operation, dark green granules with a dense and compact structure 

became predominant together with an increase in chlorophyll and carotenoids content in 

biomass. Ammonia was absent from the reactor effluent, but the nitrite levels were often above 

the toxicity levels for fish. Nevertheless, the dissolved oxygen concentration in the treated 

water was high (> 8.63 mg/L). 

The microalgal-bacterial granules proved to be efficient in producing streams with high 

dissolved oxygen levels, lowering the needed of water oxygenation before reuse and without 

ammonium ions. However, for water recirculation, improvement of the nitrite removal is needed 

to maintain the levels below the fish toxicity levels.  
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Phosphorus (P) is an essential element that is found in every living entity. Paradoxically, it is 

responsible for aquatic eutrophication, due to anthropogenic causes, and is also at risk of 

shortage in the future. The activated sludge (AS), produced, during wastewater treatment, is 

rich in P and European countries have been implementing legislations making nutrient 

recovery, i.e. P, from wastewater facilities mandatory.  

Objective: This work focused on studying native strains from a wastewater treatment system 

able to take up P. Positive strains were checked for the presence of the ppk1 gene. The ppk1 

from the most efficient strain was used to construct a genetically modified bacterial strain, 

Escherichia coli BL21_pET30a_ppk1, which was shown to be capable of efficiently remove P 

from water. To understand if in wastewater treatment plants, bioaugmentation with bacterial 

strains luxury up taking P improve the P removal process from water, the wild type 

Acinetobacter johnsonii 5bvlmeb2 and the genetically modified strain Escherichia coli 

BL21_pET30a_ppk1were used to bioaugment AS in BEHROTEST™ laboratory-scale 

wastewater treatment system.  

Results: Daily P quantification of the effluent water from the 5-days bioaugmentation 

experiments was performed. The results showed that when bioaugmenting with E. coli 

BL21_pET30a_ppk1, the average residual P concentration was reduced by more than 50%, in 

comparison to the control. It was also shown that the polyphosphate accumulation increased 

substantially (3-fold) in the biomass. In the case of A. johnsonii 5bvlmeb2, the results from 

bioaugmentation obtained during the first 48 hours of the experiment showed an increase (2-

fold) in polyphosphate accumulation when compared to the control.  

Conclusion: These results indicate that while the ppk1 gene is already present in AS, the 

bioaugmentation with E. coli BL21_pET30a_ppk1  promotes an improvement in the P removal 

from 0.51 mg/l of P to 0.02mg/l of P after 5 days with P recycling experiment. The use of these 

strains is a stepping-stone in reducing the challenges associated.  

Significance: New methodologies for P recovery from secondary sources are extremely 

relevant for the implementation of the EU’s and UN’s objectives. 
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More than 300 million tons of mining and quarrying wastes are produced annually. In a circular 

economy concept, innovative methods and processes for the efficient extraction of metals are 

required to transform these residues into valuable resources. 

Objective: This work aimed to study the release of interference metals by bioprocessing the 

Panasqueira mine tailings, Portugal, as a strategy to increase the relative concentration of 

critical metals in residues. Reasoner’s 2A (R2A broth) and Mody-Bam-SM (MBM) were tested 

for tailings’ microbiota biostimulation or bioaugmentation with the autochthonous strain 

Diaphorobacter polyhydroxybutyrativorans. The bioleaching potential was studied using 

bench-scale mine-tailings column tests, in a discontinuous mode, with the leachate obtained 

by percolation or by negative pressure as an innovative strategy in hydrology/metal extraction.  

Results: Results show that the R2A medium allows a higher mobilization of metals from 

Panasqueira tailings than MBM. Biostimulation with R2A promoted the leaching of (from high 

to low concentrations) Si, Al, K, Se, Mn, Zn, Fe and Cu as major leached metals in percolation 

water. During the leaching experiment, the time-dependent variation of concentration of Al and 

Mg in the leachate was negative and much higher in biostimulation, but positive for Fe. The 

average concentrations of each leached element were comparable in biostimulation and 

bioaugmentation. Pore water mobilized by suction had 2-3x more metals’ concentration. In the 

pore water from biostimulation, Al concentration reached 4000ppm, Fe and Zn 600 ppm, and 

all decreased with time, reaching concentrations similar to percolation water. The XRF 

evaluation of the leached residue showed a percentual decrease of these interfering metals 

and a relative increase of critical metals Ga (10x) and Y (30x). These critical metals were not 

detected in the leachate obtained by percolation or by negative pressure. The pH measured 

during the assay remained acidic, between 2.5 and 4, promoting metals mobilization. 

 

Conclusions: Bioleaching ability of the D. polyhydroxybutyrativorans strain was not confirmed 

in columns leaching with dynamic conditions. However, biostimulation with R2A appears to be 
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promising as an alternative up-scale strategy for the interfering metals removal from mine 

tailings, allowing critical metals concentration and purification. 

Significance: Understanding tailings bioleaching maximize their potential as secondary 

resources of metals. 
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Background: Yttrium (Y) is a metallic element belonging to the group of rare earth elements 

(REE) that has considerable industrial and economic importance due to its unique properties 

as luminescence, magnetism and strength. Face on its large application in several areas, Y is 

considered a critical element since the supply cannot meet the growing demand in the near 

future. Although Y is considered as non-essential for living organisms, its role as an essential 

or toxic element is not well characterized. In addition, the Y-organism interaction is also not 

completely elucidated making it a topic of considerable interest. The biological metal recovery 

from the environment can be done through bioaccumulation (active) and biosorption (passive), 

which are strategies regulated by cellular metabolic activity and the presence of certain 

functional groups in cell structure that can form chemical bonds with metals, respectively. 

Objective: The work aimed to understand the strategies used by the selected strain 

Mesorhizobium quingshengii J19 to immobilize Y from the environment.  

Results: In the present study, bacterial resistance to Y was explored using a vast bacterial 

collection from the University of Coimbra Bacterial Culture Collection (UCBCC), isolated from 

different environments contaminated with metals. Out of 207 tested strains, four strains showed 

high resistance to Y, being the strain Mesorhizobium quingshengii J19 able of resist to the 

highest concentration, 4mM Y. These four selected strains were tested for their Y-accumulation 

capability, where strain J19 was the best Y-accumulator, showing levels of Y in the cellular 

pellet up to 271 µg Y/mg protein when grown in the presence of 0.2mM Y. The EDTA treatment 

assay showed that Y was mostly present in the membrane fraction of J19 cells. Scanning 

electron microscopy with X-ray energy-dispersive spectroscopy (SEM/EDS) allowed to 

visualize the interaction of Y with phosphate. The Y-removal from the medium, as well as the 

inorganic phosphate, was evaluated over its growth curve demonstrating the removal of both 

elements over time. Moreover, growths in the presence of increasing concentrations of 

phosphate resulted in greatest Y-removal rates.  

Conclusion/Significance: This study was essential for exploring the use of bacterial strains as 

a bio-strategy to recover the highly valuable Y from environmental samples. 
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3.1 Microbial physiology and biochemistry: microbial activity in the context 

of environmental changes 
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Vector borne pathogens need to transition between hosts. This is a drastic environmental 

change that requires a fine integration of multiple stimuli for optimal expression of specific host 

associated factors. Erwinia carotovora is a vector-borne phytopathogen that cause soft-rot 

disease. In general, this bacterium has been used as a model system to study plant infection, 

and the strain Ecc15, in particular, to study bacterial oral-route infection in Drosophila 

melanogaster.  

Ecc15 simultaneously produces Plant Cell Wall Degrading Enzymes (PCWDE) to macerate 

the tissues of the plant, and harbors a unique gene, evf, that encodes the Erwinia virulence 

factor (Evf), which was identified as a major determinant for infection in the gut of the D. 

melanogaster.  

However, the molecular mechanisms involved in the regulation of evf expression are poorly 

understood. Since quorum sensing regulates expression of the PCWDE in the Erwinia genus, 

we investigated whether evf could also be controlled by quorum sensing. Here, we show that 

transcription of evf is positively regulated by quorum sensing in Ecc15 via the acyl-homoserine 

lactone (AHL) signal synthase ExpI, and the AHL receptors ExpR1 and ExpR2. We also show 

that the load of Ecc15 in the gut of D. melanogaster larvae depends upon the quorum sensing-

mediated regulation of evf. As a direct consequence of this regulation of evf, D. melanogaster 

larvae infected with Ecc15 WT suffer a developmental delay. Furthermore, larvae infected with 

an evf over-expression strain die, suggesting that regulation of evf expression is essential to 

prevent death of the insect vector. Finally, akin to a predictive-like behavior, we demonstrate 

that evf is co-expressed with PCWDE during plant infection in a quorum sensing-dependent 

manner.  
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Overall, our results show that Ecc15 relies on quorum sensing to control production of both 

pectolytic enzymes and Evf. This regulation influences the interaction of Ecc15 with its two 

known hosts, indicating that quorum sensing signaling may impact bacterial dissemination via 

insect vectors that feed on rotting plants. 
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Increasing atmospheric concentration of N2O has been a concern, as it is a potent greenhouse 

gas and promotes ozone layer destruction [1]. Release of N2O from soils increases at low pH. 

Here, Marinobacter hydrocarbonoclasticus was grown in batch mode in the presence of nitrate, 

to study the pH effect in the denitrification pathway by gene expression profiling, quantification 

of nitrate and nitrite, and evaluate the ability of whole cells to reduce NO and N2O [2]. At pH 

6.5, nitrite accumulates in the media and the cells were unable to reduce N2O. The amount of 

N2O reductase at acidic pH was lower than that at pH 7.5 and 8.5, pinpointing a post-

transcriptional regulation, though pH did not affect gene expression of N2O reductase 

accessory genes. The enzyme isolated from acidic growth has its catalytic center as 

CuZ*(4Cu1S), while the enzyme from pH 7.5 or 8.5 has it as CuZ(4Cu2S) [3][4]. This study 

evidences an in vivo secondary level of regulation required to maintain N2O reductase in an 

active state. 
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Extracellular vesicles (EVs) are non-replicable mock-facsimiles of the cell. The release of EVs 

is a transversal, but still overlooked, mechanism of secretion1. These nanostructures can traffic 

biologically active molecules to distant targets in a concentrated, protected and targeted 

manner.  

Cyanobacteria, a biotechnological relevant group of Gram-negative photosynthetic 

prokaryotes, were shown to secret EVs. However, knowledge on cyanobacterial EVs lags far 

behind compared to other bacterial species. The goal of this work was to dissect cyanobacterial 

EVs, addressing fundamental aspects of their composition, biological roles and potential for 

technological applications. For that purpose, we studied a unicellular cyanobacterium, 

Synechocystis sp. PCC6803, baptized as the “Green E. coli”2. The EVs’ protein analysis 

revealed a group of proteins possibly involved in their biogenesis. These proteins are 

hypothetical porins that possess a domain that interacts with the peptidoglycan, suggesting a 

bond between the outer membrane and the peptidoglycan. Hence, in addition to their classical 

function as porins allowing inorganic ions diffusion, these proteins may also play a role in outer 

membrane structural stability. Interestingly, identification of metallochaperones in 

cyanobacterial EVs released from a copper-sensitive hypervesiculating strain prompted us to 

investigate whether EVs could function as an alternative copper-secretion mechanism. Metal 

homeostasis is crucial for optimal performance of cell metabolic pathways, and here we show 

that vesiculation is also a common bacterial response mechanism to high copper 

concentrations, and that EVs play a role in transporting copper out of the cell. In addition, we 

have also made significant progress to tweak cyanobacteria to load a Protein of Interest (POI) 

into EVs. Using a strong heterologous promoter and a native signal peptide targeting the 

periplasm, this POI accumulates therein, creating turgor pressure that forces the cell to bleb 

and vesiculate. Currently, we are fine-tuning this packaging process. Altogether, this study is 
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a showcase on cyanobacterial EVs biology and biotechnology, envisioning them as customized 

and targeted molecular-display systems.   
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3.2 Biotechnology and environmental microbiology: from psychrophiles to 

extremophiles 
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In the framework of the PROBIOMA project, several bacterial consortia and its isolates were 

recovered from marine organisms collected in different marine caves of Algarve coast (less 

explored environments), aiming the obtention of bacteria with capacity for environmental 

bioremediation. For that purpose, the biodegradation of paracetamol, a widespread used 

analgesic and antipyretic and one of the most prescribed drugs during the pandemic time1, 

was studied. Two consortia named 4 and 21 which were recovered from Hymedesmia 

versicolor (Porifera) and Filograna implexa (Annelida) organisms respectively, displayed high 

paracetamol removal capacity. Eight bacterial isolates were selected according to their ability 

to grow at 200 mg/L of paracetamol as sole carbon source. Those isolates were assigned to 

Paenibacillus, Micrococcus and Microbacterium genera. The results showed that the isolate 

assigned to Micrococcus genus presented the best performance at 50 mg/L paracetamol and 

degraded 70 ± 4%, 89 ± 11%, 97 ± 5%, of 15 mg/L paracetamol as sole carbon source after 

48, 164 and 360 h, respectively, apparently without giving rise to toxic metabolites. As far as 

is known this Micrococcus strain is identified for the first time in marine organisms and 

apparently mineralized paracetamol, making this bacterium a great candidate for 

bioaugmentation processes. 
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The high global seroprevalence regarding the great majority of Human Poliomaviruses 

(HPyVs) suggests they infect humans from an early age, but the diseases they cause are 

usually associated with diverse stages of immunosuppression. Four of these viruses have been 

linked with diseases that may be serious/life-threatening, including hemorrhagic cystitis 

(caused by HPyV1) in patients who have undergone bone marrow transplantation, progressive 

multifocal leukoencephalopathy (caused by HPyV2) associated with AIDS, Merkell-cell 

carcinoma (associated with infection by HPyV5), or trichodysplasia spinulosa, a rare skin 

disease (caused by HPyV8). 

HPyVs are frequently found in excreta, being present in the environment all year-round, which 

supports their use as indicators of human waste contamination. Human health risk assessment 

regarding the presence of fecal contaminants in environmental waters has traditionally been 

based on bacterial counts and especially on Bacteroides sp., which outnumber conventional 

fecal indicator bacteria, as coliforms and enterococci. However, several human viruses, 

including HPyVs, have been viewed as better options for human enteric contamination 

assessment due to their host-specificity, non-seasonal distribution, and high titers in both 

influent (i.e., untreated sewage) and environmental water samples. 

Due to the lack of reliable epidemiological information regarding the geographic distribution 

and genetic diversity of human polyomaviruses (HPyV) in Portugal, this study aimed to address 

these issues by targeting the amplification of HPyV structural protein-coding sequence using 

two touch-down PCR multiplex protocols. 

Water samples were collected between 2018 and 2020 in Lisbon Metropolitan area, the most 

populated and culturally diverse hub in the country. The obtained results disclosed the frequent 
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detection of HPyV1, HPyV2, HPyV5 and HPyV6 in 35.3 % (n=6), 29.4 % (n=5), 47.1 % (n=8) 

and 29.4 % (n=5) respectively, of the water samples analysed. The sequences assigned to a 

given viral species did not segregate to a single genotype, this being especially true for HPyV2 

for which five genotypes (including a putative new genotype 9) could be identified. The 

phylogenetic trees obtained for HPyV5 and HPyV6 had less resolving power than those 

obtained for HPyV1/HPyV2, but both viruses were shown to be genetically diverse. 

This is the first-time results such as these have been reported for Portugal and emphasize the 

epidemiological helpfulness of these detection/genetic characterization studies as tools for 

assessment of human waste contamination. Moreover, the molecular analysis of these viruses 

gives important information regarding their molecular epidemiological distribution patterns in 

the general population.  

Keywords: Human polyomavirus, wastewater, environmental water, Multiplex-PCR, phylogenetic analysis 
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Actinobacteria are Gram-positive bacteria capable of producing secondary metabolites with a 

great structural diversity. Manipulation of growth conditions is considered an important 

approach to enhance the chemical diversity of actinobacterial metabolites. In this regard the 

OSMAC (one strain many compounds) approach has revealed valuable for the search of new 

bioactive compounds. 

This study had as objective to apply the OSMAC approach to 10 actinobacterial isolates 

previously obtained from deep-sea samples collected in the Portuguese archipelagos of 

Madeira and Azores, to find new bioactive compounds with pharmaceutical relevance. Eight 

different conditions were applied to each isolate. The cultures resulting from the OSMAC 

approach were subjected to two consecutive organic extractions and the resulting extracts 

were analysed for their antimicrobial, anticancer and anti-inflammatory activities. The 

antimicrobial assays allowed the identification of 10 actinobacterial extracts with capacity to 

inhibit the growth of Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Salmonella 

typhimurium or Candida albicans. Anticancer assays showed nine extracts capable of reducing 

the cellular viability of breast (T-47D) or liver (HepG2) cancer cell lines. The anti-inflammatory 

results showed one extract with anti-inflammatory activity. Dereplication of the bioactive 

extracts demonstrated that at least one strain may be producing new compounds. Thus, this 

strain was selected for further scale-up and fractionation. This study reveals that the OSMAC 

approach enhances the antimicrobial, anticancer and anti-inflammatory activities of the studied 

strains and, consequently, is a useful resource for the discovery of new molecules with 

biotechnological potential. 
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DNA damage and changes in proteome response can occur as a consequence of UV light 

exposure. The emerging light-emitting diodes (LEDs) can be acquired with different 

wavelengths. In this study, LEDs that emit at 255 nm and 265 nm were selected to test the 

DNA damage and proteome response after inactivation of A. fumigatus, A. niger and A. terreus 

spiked into filtered surface water. Additionally, photoreactivation and dark repair studies were 

performed to evaluate the potential ability of the spores to recover after UV exposure. Results 

showed that both LEDs were able to induce the formation of cyclobutane pyrimidine dimers in 

A. fumigatus and A. terreus whereas, for A. niger, the formation of cyclobutane pyrimidine 

dimers was only detected when the LEDs that induced inactivation (that emit at 265 nm) were 

used. Proteome response showed that UV radiation treatment triggered different types of 

stress response, mainly concerning the protection from oxidative stress by A. fumigatus and 

A. terreus. Photoreactivation was detected for all the species except A. niger and, no dark 

repair was observed. 
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Azores and Madeira archipelagos  

 

Inês Ribeiro1,2, Cláudia Amorim1, Jorge Antunes1, Mariana Girão1,2, Cíntia Ribeiro1,3, 

Francisca Branco1,3, Andreia Braga-Henriques4,5, Ana P. Mucha1,3, Ralph Urbatzka1, 

Pedro Leão1, Maria de Fátima Carvalho1,2 

1CIIMAR - Interdisciplinary Centre of Marine and Environmental Research, University of Porto, Terminal de 

Cruzeiros do Porto de Leixões, Porto, Portugal; 2School of Medicine and Biomedical Sciences (ICBAS), 

University of Porto, Porto, Portugal; 3FCUP - Faculty of Sciences of the University of Porto, Porto, Portugal; 

4MARE - Marine and Environmental Sciences Centre, Agência Regional para o Desenvolvimento da 

Investigação Tecnologia e Inovação (ARDITI), 105 Funchal, Madeira, Portugal; 5Regional Directorate for 

Fisheries, Regional Secretariat for the Sea and Fisheries, Government of the Azores, Horta, Azores, 

Portugal 

 

The deep sea is a unique environment characterized by extreme conditions. To allow the 

survival and thriving in such environments, deep-sea microorganisms evolved a diversity of 

metabolic and genetic characteristics that may translate into the production of novel secondary 

metabolites. Actinobacteria constitutes one of the most abundant phyla in deep-sea 

environments. Thus, this environment is considered a hot spot for researching marine 

actinobacteria resources and their secondary metabolites. In this study, we used 72 samples 

collected in deep-sea habitats of the Azores and Madeira archipelagos (NE Atlantic), at depths 

between 150 and 3199 m, for the bioprospection of Actinobacteria. Two pre-treatments and 

five selective culture media supplemented with different antibiotics were employed for the 

isolation of these microorganisms. A total of 298 actinobacterial strains distributed by 20 

genera, including potential novel taxa, were isolated from sediments, corals and sponges. Of 

the 218 strains screened so far to evaluate antimicrobial activity, 17 had extracts active against 

one or more tested microorganisms - Bacillus subtilis, Candida albicans and Staphylococcus 

aureus. The respective minimum inhibitory concentration (MIC) values were in the range of 

7.81–1000 µg mL-1. For cytotoxic activity, 228 strains were tested, and extracts from 33 of 

these strains have the ability to reducing the cellular viability of the cancer cell lines T-47D 

(breast ductal carcinoma) and HepG2 (liver cancer), after 48h of exposure. Molecular 

networking analysis of the actinobacterial crude extracts revealed the presence of several 

masses that corresponded to known natural products, but also several others that likely 

correspond to new compounds. Future work will be focused on the mass-guided isolation of 

new natural products identified in the molecular networking analysis. 
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Several Romanesque religious buildings in Northern Portugal erected on granite with mural 

paintings from the 15 and 16th centuries covering their inner walls, with noncontrolled 

environmental conditions, are nowadays affected with brown and black-blue stains (Fig. 1). 

The brown stains phenomenon appears to be caused by microorganisms while the black-blue 

ones have a more difficult cause to ascertain, resulting from oxidation of manganese and iron, 

which can also be due to microorganisms, water contents, salts, environment, or several 

factors combined. 

Three case studies were chosen among several with the same chromatic alterations: Santa 

Marinha (Vila Marim), São Tiago (Folhadela) and Nossa Senhora de Guadalupe (Mouçós) in 

Vila Real District. 

Culture-dependent analyses of isolates, and culture-independent analyses of microbial 

community have been performed. 

Scanning electron microscopy (SEM) was used to obtain topographic information using large 

magnifications on mural painting and granite samples. For the preservation of biological 

structures, the samples were sputtered with gold on a Polaron Sputter Coater (Quorum). The 

examination was performed on the Jeol JSM-5600LV scanning electron microscope in Faculty 

of Biotechnology of the Universidade Católica Portuguesa (Porto) and on the FlexSEM 1000 

scanning electron microscope with energy dispersive spectroscopy (EDS) that acquired 

elemental maps, in Faculty of Sciences of the University of Porto. The isolation of 

microorganisms and cultivation was carried out in different culture media according to their 

nutritional requirements (solid and liquid media): Potato Dextrose Agar (PDA) and Czapek Dox 

Agar (Modified) (CDA) specific for fungal strains; Nutrient Agar (NA) and Plate Count Agar 

(PCA) for general bacterial isolation; and the liquid medium Czapek Dox Liquid Medium 

(Modified) (CDB) and Optimal Haematococcus Medium (OHM) for algae and cyanobacteria. 

ATP pens served as complementary information with readings on the areas of the sample 
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gathering for microbiology assays. Metagenomic was performed for DNA classification 

(awaiting data from external laboratory). 

Antimicrobial assays with essential oils are ongoing, using the strains isolated from the case 

studies and bibliography regarding microbiological activity in mural painting. 

 

 

Figure 1. Figure 2. Black-blue stains in two different campaigns of the mural painting on Santa Marinha Church 

(Vila Marim, Vila Real). 
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   The Saccharomycodeaceae family, sister to the extensively studied Saccharomycetacea 

family, comprises several species with a recognized potential as bio-flavouring agents out of 

which those belonging to the Hanseniaspora and Saccharomycodes genus stand out. While 

Hanseniaspora spp. are generally described to influence positively wine or beer aroma, the 

role of S. ludwigii (the better studied Saccharomycodes species) is less clear, with positive 

contributions described in the production of ciders or craft beers, but being a feared agent in 

wine making due to its capacity to over-produce acetoin or acetaldehyde and cause cloudiness. 

The scarce knowledge gathered on the biology and physiology of Saccharomycodeacea 

species renders difficult to understand this different behavior and, consequently, restrains a full 

disclosure of their bio-flavouring potential. Recently, our groups have described the first fully 

annotated genome sequences for wine strains of H. guilliermondii and S. ludwigii[1,2]. While 

Hanseniaspora spp. were found to lack functional neoglucogenesis, glyoxylate cycle and 

thiamine biosynthetic pathways, S. ludwigii had all these pathways complete (in fact, significant 

expansion of thiamine-biosynthesis was observed) and its genome encoded genes for 

catabolism of N-acetylglucosamine, a unique feature within Saccharomycodeacea species and 

rare among non-dimorphic yeasts. Comparison of the FLAVOROMA of these species unveiled 

a set of Hanseniaspora-specific alcohol acetyl-transferases, while S. ludwigii was found to be 

equipped with three putative bacterial-like acetoin reductases. Further results obtained will be 

discussed, in a comparative genomics perspective, specially focusing detailed functional 

analysis of FLAVOROMA genes and responses to environmental stress specially to ethanol 

and to the preservative SO2.  

[1] Seixas et al., DNA Research, 26(1):67-83, (2019); [2] Tavares MJ et al., BMC Genomics, 22: 131, (2021)  
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According to the World Health Organization, antibiotic resistance is one of the main threats to 

global health. The excessive use of several antibiotics led to the widespread distribution of 

antibiotic-resistant bacteria in various environment matrices, such as surface water. Hence, 

there is an urgent need for the development of effective treatment solutions to upgrade 

conventional wastewater treatment processes and avoid the release of antibiotic-resistant 

bacteria in the aquatic environment. A new hybrid reactor was used to test the efficiency of 

membrane filtration, direct photolysis, and the combination of both processes to ensure the 

retention and inactivation of antibiotic-resistant bacteria present in river water at occurrence 

levels. Enzyme specific microbial methods were modified by addition of different antibiotics to 

quantify antibiotic-resistant bacteria before and after treatment of surface water. The modified 

and unmodified membranes effectively retained the target bacteria (rejections higher than 

97%). Direct photolysis using low-pressure mercury lamps and light-emitting diode panels 

(emitting at 265 nm) achieved inactivation of total coliforms and E. coli higher than 98% in 10 

minutes. The combined treatment (unmodified and modified photocatalytic surfaces in 

combination with UV-C and UV-A light sources) successfully retained the bacteria (rejections 

higher than 99%) and treated the retentate (>97%) after 1 hour. This new system could be a 

promising approach to treat drinking water and wastewater in small scale systems.  

 

This work was supported by FCT through the project PTDC/EAM-AMB/30989/2017, iNOVA4Health - UID/Multi/04462/2013 

(national funds and co-funded by FEDER - PT2020), Associate Laboratory for Green Chemistry – LAQV (UIDB/50006/2020 

and UIDP/50006/2020) and INTERFACE Programme, through the FITEC.  
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Demand for novel antimicrobial products is growing worldwide as resistance of human, 

livestock, and aquaculture pathogens to marketed drugs is rising [1]. The microbiomes of 

marine animals, particularly sponges and corals, are highly prolific sources of natural products, 

potentially holding novel chemical structures with potent bioactivities of industrial or medical 

value [2,3]. The objective of this study was to identify isolates with a potentially rich secondary 

metabolism and promising antimicrobial activities among a culture collection of 928 host-

associated marine bacteria of at least 65 genera. Seventy representative isolates had their 

genomes sequenced and mined for secondary metabolite biosynthetic gene clusters (SM-

BGCs) and were screened for antimicrobial activity against human-pathogenic Candida 

species (C. albicans SC5314, C. glabrata KCHR606 wildtype and Δpdr1 deletion mutant, C. 

auris DSM21092, C. parapsilosis ATCC22019), Staphylococcus aureus ATCC6538, multi-

resistant S. aureus JE2-MRSA, Salmonella enterica Thyphimurium SL1344 and aquaculture 

pathogen Vibrio parahaemolyticus DSM101031, using cross-streak assays [4]. The 70 

genomes presented a rich SM-BGC profile, consisting of 463 gene clusters of 34 types, 

identified using antiSMASH v.6.0 [5]. Among them were high numbers (106 and 65, 

respectively) of ribosomally synthesized and post-translationally modified peptides (RiPPs) 

and polyketide synthase (PKS) -related SM-BGCs (Figure 1). Only 38 clusters showed 

similarity above 70% to SM-BGCs of known compounds in the MiBiG database [6], highlighting 

the structural novelty encoded in these clusters. Network analysis with BiG-SCAPE [7] unveiled 
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a few taxon-specific gene cluster families (n=57) and many singletons (n=337), confirming the 

large diversity of SM-BGCs present on these genomes. Many Gammaproteobacteria isolates 

inhibited the growth of bacterial pathogens to varying extents but were overall less active 

against Candida species. Contrarily, many Alphaproteobacteria isolates, particularly of the 

Rhodobacteraceae family, performed well against Candida, but poorly against bacterial 

pathogens, hinting at different mechanisms and molecules involved in antagonism against 

bacterial and fungal disease agents. However, marine sponge-derived strains Halomonas sp. 

R46 (Gammaproteobacteria) and Micrococcaceae sp. Alg241-R88 (Actinobacteria) presented 

antimicrobial activity against all pathogens tested. Notable anti-Candida activity was observed 

also among some Flavobacteriaceae isolates, particularly coral-derived Aquimarina sp. strain 

EL33 and marine sponge-derived Flavobacteriaceae strain RHTr2, the latter strongly inhibiting 

the growth of C. glabrata, C. albicans and C. auris. In conclusion, the here presented culture 

and genome collection constitutes a valuable resource and holds potential for future 

sustainable production of antimicrobial compounds. This study identified several promising 

strains which are now being further investigated using metabolomics and analytical chemistry 

tools for compound identification. 
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Figure 1. Secondary metabolite biosynthesis gene clusters (SM-BGCs) identified on the 70 host-associated 

bacterial genomes analysed in this study.  The host species of each isolate is indicated by coloured triangles next 

to the strain name. Class level affiliation of each isolate is indicated below the strain names. The analysis was 

performed using antiSMASH v.6.0 beta. with “relaxed” detection strictness, and “all extra features on”. NAGGN - 

N-acetylglutaminylglutamine amide; NAPAA - non-alpha poly-amino acids like e-polylysin; NRPS - non-ribosomal 

peptide synthetase cluster; PKS – polyketide synthase cluster; RiPP - ribosomally synthesized and post-

translationally modified peptides. 
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The BACA (Bank of Algae and Cyanobacteria of the Azores) is a recently established collection 

of microalgae and cyanobacteria from the Azores that integrates the REBECA network of 

Macaronesia algae culture collections. The extensive bioprospection on different ecosystems 

across the archipelago, including freshwater, terrestrial, thermal, marine, among others, 

allowed a broad coverage of the Azorean habitats from all islands. BACA collection presently 

holds over 760 strains, from which 375 are cyanobacteria, allowing a polyphasic approach for 

studying cyanobacterial diversity in the Azores. The 16S ribosomal RNA gene analysis in the 

cyanobacterial strains present in the BACA collection revealed an outstanding genetic 

diversity.  

Selected strains were consequently studied for their Internal transcriber spacer and a more 

detailed morphological characterization to access their taxonomic status, according to their 

unique phylogenetic position or potential for genetic studies. The polyphasic approach using 

genetics, morphology, and ecology revealed many new cyanobacteria genera and species and 

increased the number of reported species for the Azores. The study of cyanobacteria strains 

maintained in the BACA collection allows a significant increase in cyanobacteria diversity 

knowledge, both in the Azores and worldwide, contributing to their conservation. Furthermore, 

these novel and unique strains can be an important resource for the discovery of new 

compounds with biotechnological applications. 

The BACA culture collection is funded by FEDER funds through the Interreg-MAC 2014-2020 

program under the projects REBECA - Red de Excelencia en Biotecnología Azul (algas) de la 

Región Macaronesia (MAC/1.1a/060) and REBECA-CCT - Red de Excelencia en 

Biotecnología Azul de la Región Macaronésica. Consolidación, Certificación y Transferencia 

(MAC2/1.1b/269), and by the Portuguese National Funds, through FCT − Fundação para a 
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Bioremediation is based on the activity of microorganisms with biodegradative potential. 

Increasing microbial populations capable of degrading petroleum compounds can become a 

cost-effective treatment to accelerate the removal of oil spills and recover oil-contaminated 

environments. Only 1% of the world’s biodiversity is recovered using culture-dependent 

methods. However, with the advance of culture-independent techniques, such as next-

generation sequencing (NGS), it is possible to observe if the strains isolated in the laboratory 

are relevant among the entire natural microbial community. For this study, we compared 

culture-dependent and independent methods to observe if it was possible to retrieve potential 

hydrocarbon-degrading microorganisms that were also the most abundant in the oil-enriched 

communities and assess the most suitable culture media for the isolation of the target bacteria. 

Seawater samples were collected in 21 sites along the NW coast of the Iberian Peninsula, 

delimited in four geographical areas including intertidal zones and offshore sites. The samples 

were kept in microcosms spiked with nutrients and exposed to crude-oil, for 15 days. 

Afterwards, the microcosms’ samples were platted in three culture media (Marine Agar, M1 

and Bushnell-Haas) and filtered through SterivexTM, for 16S rRNA gene next-generation 

sequencing. Bacterial isolates were identified through 16S rRNA gene sequencing and 

taxonomic characterization of NGS samples was performed with DADA2 pipeline. A total of 48 

different genera were isolated from the 21 sampling sites, but only 7 of these genera were 

common to the four geographical areas. 

 These included the most abundant genera of the community, according to the taxonomic 

characterization by NGS: Alcanivorax (composing 49% of all communities from the NGS 

analysis), Thalassospira (9%), Pseudomonas (5%), Marinobacter (2%), Joostella (1%), 

Cobetia (0.4%) and Thioclava (0.4%). The most promising culture media were MA and M1 

since both retrieved a higher number of genera known to degrade petroleum hydrocarbons. 
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These results demonstrate that it was possible to isolate the most abundant hydrocarbon-

degrading genera present in the communities. Future work will include phylogenetic analysis 

of the bacterial strains belonging to the different areas to see if it is possible to have a prototype 

microbial consortium to implement as a bioremediation technique to mitigate oil spills, by using 

native microorganisms.  

 

Acknowledgements 

Maria Bôto was supported by FCT (PhD grant SFRH/BD/146523/2019). This research was partially supported by 

the project BIOREM (PTDC/BTA-GES/32186/2017; POCI-01-0145-FEDER- 032186), supported by FEDER 

through COMPETE2020 – POCI and FCT/MCTES. 

. 

 

 

  



  

 

168 
 

3.4 Soil health, food security and food safety 
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Introduction: The possibility to preserve foods under pressure (Hyperbaric Storage/HS) at 

variable room temperature (RT) is a novel preservation methodology/concept that allows 

significant energetic costs reduction, since no energy is needed to maintain the temperature, 

while for pressure, energy is only needed to generate it, but not to maintain it. HS (50-75MPa) 

acts by microbial growth inhibition similarly to refrigeration, with an additional inactivation effect, 

when higher pressures are applied (≥75MPa), even without temperature control throughout the 

storage. Consequently, HS is also an environmentally friendlier technology, with a carbon 

footprint estimated to be about 26-fold lower compared to refrigeration (RF), while also possibly 

extending considerably the shelf-life.  

Objective: The main objective of this work was to study the viability of HS (50-100MPa) at 

uncontrolled RT (~23 ºC) to preserve a highly perishable dairy food, two fresh cheeses (made 

with cows’ and goats’ pasteurized milk), throughout prolonged storage (60 days). 

Microbiological (total aerobic mesophiles, lactic acid bacteria, Enterobacteriaceae, coliforms, 

yeasts and moulds, and total endospores load), pH, colour, lipid oxidation, fatty acid and 

volatile organic profile parameters were evaluated comparatively to control samples under 

atmospheric pressure (AP) at RT and RF. 

Results: Just after 3 days fresh cheeses stored at AP/RF revealed counts >8 log CFU/g (above 

the acceptable limit), while opposingly, under HS/RT (≥75MPa), fresh cheeses revealed a 

decrease in viable cell numbers in all microbiological groups throughout storage. A faster 

inactivation occurred throughout time at 100/RT, resulting in undetectable numbers after 7 days 

for some microbiological groups. HS (75-100MPa) allowed a more stable pH, colour and a 

slower lipid oxidation rate comparatively to the control cheeses, while also retaining a more 
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similar fatty acid and volatile organic profile, without significant formation of undesirable 

compounds even after 60 days at RT. 

Conclusion: Overall, HS under 75-100MPa at RT for 60 days resulted in a more stable fresh 

cheese, thus pointing to a considerable shelf-life extension without temperature control. 

Significance/impact: These results point to the possible substitution of refrigeration by 

hyperbaric storage at RT, which would allow significant energy reductions, and prevent losses 

in food products during processing, storage, transport and sale, with enhanced shelf-life and 

increased microbial safety. 
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O.178. Multilocus DNA metabarcoding of complex mixtures containing members of the 

Boraginaceae family for food safety and quality assurance 

 

Inês Carvalho Leonardo1,2, Martijn Staats3, Marleen Voorhuijzen3, Valerie van der Vorst3, 

Bas Fronen3, Jorge Capelo4, Maria Teresa Barreto Crespo1,2, and Frédéric Bustos 

Gaspar1,2 

1iBET, Oeiras, PT; 2ITQB-NOVA, Oeiras, PT; 5WFSR, Wageningen, NL; 4INIAV, Oeiras, PT 

 

Multilocus DNA metabarcoding (mDNAm) provides great potential for multispecies 

identification in complex multi-ingredient food samples. Besides being used from a food 

integrity and authenticity standpoint, mDNAm can also be invaluable for a food safety 

assessment when some ingredients have been associated with the presence of toxic 

compounds. Members of the Boraginaceae family of plants, which have previously been 

identified in complex food commodities, are recognized pyrrolizidine alkaloids producers. 

These compounds have been associated with food poisoning due to their hepatotoxic, 

mutagenic, and hepatocarcinogenic properties. Also, they can alkylate and covalently bind to 

nucleic acids, making DNA molecules inaccessible to polymerase chain reaction amplification, 

therefore interfering with this indispensable step of DNA barcoding approaches. 

In this work, characterized mixtures were used to assess how species identification using a 

mDNAm approach can be affected by the presence of species belonging to the Boraginaceae 

family. The mixtures were composed of (A) 100% (w/w) non-Boraginaceae (3 species) and (B) 

70% (w/w) non-Boraginaceae (3 species) and 30% (w/w) Boraginaceae (3 species) freeze-

dried plant samples. DNA was recovered using 2 DNA extraction methods (conventional and 

commercial kit), without and with the addition of a physical and chemical in-house developed 

pre-treatment, to reduce the number of molecules that can interfere with downstream 

processing. The quality of the extracted DNA was first evaluated and subsequently processed 

using a DNA metabarcoding method based on Illumina MiSeq amplicon sequencing of nuclear 

(ITS2) and plastidial (matK, rbcL, trnL) DNA barcode markers 

[https://doi.org/10.1093/gigascience/gix080]. 

When compared to a non-Boraginaceae mixture, the presence of Boraginaceae species in the 

mixture decreased the overall quality and amplifiability of the recovered DNA. Also, the read 

quality resulting from DNA metabarcoding was affected, thereby complicating species 

identification. However, the addition of a pre-treatment step before DNA extraction, improved 
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all the measured parameters for the conventional DNA extraction method. Addition of the same 

pre-treatment step to the commercial kit proved to be less effective. 

The mDNAm approach using DNA extracted with the conventional method combined with the 

in-house pre-treatment method can help reveal the presence of species that otherwise would 

not be detected. Therefore, the proposed methodological modifications enable the use of the 

mDNAm technique to provide a comprehensive assessment regarding safety, quality, 

authenticity, and integrity of food commodities that could include toxic and disease-causing 

members of the Boraginaceae family. 
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O.403. Surveillance study of Staphylococcus aureus in raw milk from Northern 

Portugal: enterotoxins and resistance genetic profiles 

 

Ricardo Oliveira1,2, Eva Pinho1, Nuno Filipe Azevedo2, Carina Almeida1,2 

1 National Institute for Agrarian and Veterinarian Research (INIAV, I.P.), Vairão, Vila do Conde, Portugal; 2 

LEPABE, Laboratory for Process Engineering, Environment, Biotechnology and Energy, Department of 

Chemical Engineering, Faculty of Engineering, University of Porto, Porto, Portugal; 

 

Milk and dairy products have always been a central food in human nutrition. Staphylococcus 

aureus and its enterotoxins (SEs) are a serious and costly concern for milk industry and public 

health [1]. This work aimed to characterize the prevalence of S. aureus in raw milk collected 

from dairy farms in the main dairy region of Portugal mainland, referred to as the “Bacia Leiteira 

Primária de Entre Douro e Minho”. Then, isolates were evaluated for the presence of 

enterotoxins- (sea, seb, sec, sed, see, seg, seh, sei, sej, sep, ser) and methicillin resistance-

genes (mecA and mecC). For raw milk collected from the bulk tank of 100 dairy farms, the 

presence of S. aureus was confirmed in 53% samples. Nonetheless, the concentration of S. 

aureus was always below 106 CFU/mL, the minimal concentration required for enterotoxin 

production [2]. Five isolates were methicillin-resistant Staphylococcus aureus (MRSA) and 28 

contained enterotoxin-coding genes. One isolate was positive for sea, 3 isolates were positive 

for seh, 4 isolates were positive for sec, 25 isolates were positive for sei and 26 isolates were 

positive for seg. Consistent with other reports, seg and sei coexisted in most of the positive 

isolates, seg was only detected independently of the other gene in one isolate [3]. Sec was 

always found in conjunction with seg and sei. Seh was detected alone or together with sea. 

Overall, the occurrence of uncommon enterotoxin genes (seg, seh and sei) was higher than 

the traditional genes (sea-see). Staphylococcal protein A gene (spa) typing was carried out for 

all S. aureus isolates. These results suggest that raw milk can be an important source of S. 

aureus, including MRSA strains, and that postharvest handling practices might be crucial to 

prevent the spread of enterotoxin-producing S. aureus along the milk food chain. 
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for chymosin production using recombinant Lactic Acid Bacteria 
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Cheesemaking is a fast and efficient way to transform the quickly perishable milk into cheese, 

immensely increasing its preservation time, without the need for special conservation 

conditions. The enzyme behind this process is chymosin which can come from different 

sources, namely young ruminants, plants, fungi or recombinant microorganisms, using the 

genes from the former organisms.  

The main goal of the project is to find a sustainable and cost effective alternative to the 

available chymosin, using synthetic biology strategies to engineer Lactic Acid Bacteria (LAB). 

There is only a very scarce number of previous studies dealing with this strategy, still without 

solid results. The rationale of the present project is that chymosin could easily be purified from 

LAB than chymosin from other sources, since LAB are a group of microorganisms naturally 

present in the milk and no foreign components need to be removed. The alternative is to use 

the recombinant LAB as in vivo cell factories, producing chymosin directly in the milk, without 

the necessity of purification, increasing greatly the process sustainability and reducing the 

associated costs. 

The first ongoing step aims to engineer suitable medium and high copy number plasmids for 

high yield protein expression, testing genes from different sources and several secretion 

strategies. The chosen plasmids were the medium plasmid copy number pTRKH3 and its high 

copy number mutant pTRKH3-b. The design includes two alternative chymosin genes, one 

from calf (Bos taurus) which is the one more commonly used, and other from camel (Camelus 

dromedarius) which was chosen for its superior performance in previous works. Two different 
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signal peptides are tested: epr from Bacillus subtilis and usp45 from Lactococcus lactis. The 

recombinant proteins were designed to harbor a C- terminal 6xHis for purification purposes. 

After L. lactis transformation with the designed plasmids, the chymosin will be quantified. In the 

end, it is expected a plasmid/LAB platform able to secrete recombinant chymosin with high 

yields and a better Milk Clotting Activity, Proteolytic Activity, clotting time and cheese 

texture/density than the commercially available alternatives, after being added to milk from 

different animal sources in its purified form and/or, ideally, using LAB as in vivo cell factories. 

Funded by FCT (PTDC/BTM-SAL/28624/2017, UIDB/04565/2020, UIDP/04565/2020, LA/P/0140/2020). 
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Shiga toxin-producing E. coli (STEC) strains are important foodborne pathogens worldwide, 

transmitted from ruminant to humans through contaminated food. Their control is still a 

challenge as most E. coli in nature are commensal and, thus, controlling strategies should 

target only pathogenic strains/serotypes. Bacteriophages (bacterial viruses) can cope with this 

challenge by allowing a tailored intervention. We performed an epidemiological study of STEC 

at 21 milk farms across the Northern region of Portugal and evaluated the potential of 

bacteriophage therapy to control the well-known O157 STEC serotype. From 409 dairy cattle 

analyzed, STEC strains were more prevalent in heifers (45 %) than in lactating cows (16 %). 

STEC isolates with several stx1 and stx2 subtypes were identified and they belonged to 73 

different O:H serotypes. Regarding bacteriophage therapy evaluation, an O157-specific phage 

(CBA120), was tested in vitro and in vivo. The bacteriophage reduced STEC in contaminated 

ruminant fluids of rumen and intestine (>4 logs) as well as STEC biofilms adhered with 

intestinal mucosa (>2 logs). Moreover, bacteriophage treatments significantly reduced E. coli 

O157:H7 numbers (1 log) in artificially contaminated sheep, comparatively with the mocked-

treated group. Overall, results suggest the potential use of bacteriophages to control STEC in 

vivo. 
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Over the past decade several food-derived lipids with potential bioactive properties to be used 

in the development of innovative functional foods have been identified. These include 

conjugated linoleic (CLA) and conjugated linolenic (CLNA) acids with well described anti-

inflammatory, anti-obesity and anticarcinogenic properties. Limited availability in their natural 

sources (e.g. ruminants’ milk and meat or vegetable oils) has driven studies on in situ microbial 

production in dairy products to improve CLA/CLNA daily intake. Several probiotic strains have 

been reported to produce CLA/CLNA isomers using linoleic (LA) and alpha-linolenic (α-LNA) 

acids as precursor substrates, respectively. This research work aimed to evaluate the viability 

of developing a CLA/CLNA-enriched milk through in situ microbial production at a laboratory 

scale. 

A combination of genetic screening, substrate tolerance and production assays, identified three 

CLA/CLNA-producing candidates from a pool of 85 probiotic bacteria. Since Bifidobacterium 

breve DSM 20091 stood out from the others with CLA/CLNA production yields around 0.3 

mg/mL, it was selected to proceed with milk CLA/CLNA-enrichment. Seeking to explore 

industrial viability, edible vegetable oils were applied as substrate sources instead, namely 

soybean (SBO; rich in LA) and flaxseed (FSO; rich in α-LNA) oils, which had been previously 

hydrolyzed with Candida rugosa lipase. Microbial CLA/CLNA-enrichment of pasteurized bovine 

milk was tested with each hydrolyzed oil, individually or in combination, to provide 0.5 mg/mL 

of LA and/or α-LNA. Viable cell numbers of B. breve achieved 9 log cycles upon 24 h 

fermentation. Highest CLA/CLNA-enrichment was achieved using FSO alone (~0.4 mg/g), 

where CLNA isomers were those mainly produced. Surprisingly, only traces of CLA were 

found, either with SBO alone or in combination. Milk enrichment was further assayed with FSO 

alone to concentrations up to 10 mg/mL α-LNA, where at 2 mg/mL the maximum yield of ~1 

mg/g CLA+CLNA was obtained. 
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In conclusion, the development of a CLA/CLNA-enriched bovine milk through in situ microbial 

production remains challenging, given the limited number of strains able to produce CLA/CLNA 

at considerable levels, and because it is difficult to develop a dairy product simultaneously 

enriched in CLA and CLNA. 

An in situ strategy has its limitations; nevertheless, this study demonstrates that B. breve DSM 

20091 has potential for the development of CLNA-enriched dairy products. 
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4.1 Teaching and Communicating in Science 

 

 

O. A picture is worth a thousand words: Science Communication in Microbiology  

 

Portuguese Society of Microbiology 

 

This competition is promoted by the Portuguese Society of Microbiology (SPM), is in its 

3rd edition. Launched every 17th September, this initiative is part of the celebrations of 

the International Microorganism Day. The winners of this edition will be announced in this 

session.   

The aim is to promote the communication of microbiology, through images that can range from 

being enigmatic and impressive to expressing a simple and obvious message. In all cases they 

are supported by a concise and objective explanatory summary. The major goal of this call for 

images, is to show how, despite being invisible to the eyes, microorganisms can be 

wonderful and powerful. The competition has two categories depending on the target 

audience: a. Adults (called GENERAL) and b. Children (especially at the level of basic 

education, called JUNIOR).  

Images with adequate scientific and communicational quality will integrate, after editorial 

review, an ebook on science dissemination in microbiology, to be edited by the SPM – now in 

preparation!   
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The International Microorganism Day (IMD) is an initiative that aims to raise awareness about 

the role that Microbiology plays in the life sciences, in everyday life, in a wide range of 

professional activities and career opportunities. It was launched in Portugal in 2017. The 

Portuguese Society of Microbiology (SPM), together with prestigious international scientific 

societies, in particular, FEMS (Federation of European Microbiological Societies), catalyzed 

the internationalization of the Day. 

The international celebration of the 2021 edition of IMD was held online through a marathon 

of 24 hours of talks given by professors, scientists, students, communicators and artists. A 3-

months campaign in social media preceding the event was essential to promote the day– our 

tweets were seen approximately 96.700 times, with 600 link clicks for content viewing. During 

this period, the IMD website had 7.700 unique visitors, with 16.000 page views, and the United 

States, India, United Kingdom, The Netherlands and Portugal were the top visiting countries. 

During 16th and 17th September, our contents were seen 36.000 times on Twitter, and we had 

3.900 unique visitors on the website.  

The purpose of this presentation is to report the results from IMD 2021 campaign and event, 

to promote IMD, and to provide an idea of the power of social media in Microbiology 

dissemination. 

 

 

 

 

 

 



 

 

181 
 

4.2 COST sessions rooms 

 

 

O.417. The COST Action EuroMicropH: Understanding and exploiting the impacts of 
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The EuroMicropH COST Action (https://euromicroph.eu) is broad in its technical and scientific 

scope, as its central aim is to bring together people working in quite diverse fields but with a 

common scientific interest: namely, the understanding and exploitation of the responses of 

micro-organisms to low pH. These organisms in this context include bacteria, yeasts, and other 

fungi.  

This topic is already being studied in considerable depth and has many important practical 

applications in a number of diverse sectors; however, these sectors traditionally do not 

communicate well with each other. A new forum for communication will be highly beneficial 

both for scientific progress and, importantly, for the applied fields in which this topic is 

important. These include the microbiology of food and drink, many aspects of industrial 

biotechnology and bio-processing, and clinical and veterinary treatment of infections in a time 

of increasing antimicrobial resistance. Through a combination of Working Groups, workshops, 

Short-Term Scientific Missions, and dissemination activities, plus open conferences, this Action 

will (a) aid increased understanding of the details of how micro-organisms detect and respond 

to low pH (b) ensure that technical developments being made in one field are rapidly translated 

into other fields (c) leverage the many different areas of expertise that exist across Action 

members and (d) ensure, through participation and dissemination, that these developments 

reach as wide an audience as possible, including pure and applied scientists in the 

Inclusiveness Target Countries. 
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O.453. YEAST4BIO COST Action: Unraveling how non-conventional yeasts can be 

successfully implemented in biotechnological industries for bioproducts production  
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Economically viable conversion processes of low-cost renewable feedstock into biofuels and 

biochemicals are crucial to the establishment of a robust bioeconomy. In this context, yeasts 

have great potential to generate a wide variety of industrially relevant compounds from natural 

sources and wastes in an environmentally-friendly and cost-effective way.  

Saccharomyces cerevisiae has been applied for centuries for the production of fermented 

beverages and baking. However, wild-type S. cerevisiae strains do not utilize multiple carbon 

sources simultaneously, especially those derived from lignocellulosic residues which have 

appeared as very promising renewable feedstock. In this sense, numerous research efforts are 

being diverted during the last years to improve its capacity to produce bioproducts from 

alternative resources composed not only by glucose.  

Non-conventional yeasts are attracting more and more attention owing to their potential to 

metabolize complex carbon sources, their alternative metabolic routes and their ability to cope 

with wide range of process conditions. Improving the knowledge on how non-conventional 

yeasts strains metabolize unusual substrates (carboxylic acids and biomass-derived sugars) 

or accumulate unusual products (food additives, enzymes, lipids), are fundamental issues to 

boost the transition to a more sustainable industry based on renewable raw materials.  

The COST Action YEAST4BIO brings together an innovative group of researchers with the 

combination of skills and experience to unravel how non-conventional yeast can be 

successfully implemented in a biotechnology industry. Besides, the Action gathers European 

top scientists in the field and thus will become an important pillar worldwide. With the different 

working groups present in the Action, YEAST4BIO calls for a strong investment in capacity 

building through molecular, genetic, metabolic and physiology studies on non-conventional 

yeast-derived bioproducts synthesis, which at the moment is relatively scarce.  
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O.232. New genome-editing tools for Ashbya gossypii 

 

Pedro Montenegro-Silva1, Lucília Domingues1 and Tatiana Q. Aguiar1 

1CEB – Centre of Biological Engineering, University of Minho, 4710-057 Braga, Portugal 

 

Ashbya gossypii is a splendid riboflavin biofactory that suppresses nearly half of the worldwide 

demand for vitamin B2. The availability of its genome sequence allowed a better understanding 

of this fungus’ metabolism and the development of targeted genome editing tools. Such 

progresses allowed increasing the vitamin B2 natural production levels, and to expand the 

potential of this fungus towards the production of nucleosides, folic acid, single cell oil and 

fragrances [1,2]. 

Now, with a broadening range of potential genetic targets, modular and flexible pathway 

assembly tools are more convenient than ever. There is also an urgent need for a larger set of 

well characterized promoters for metabolic flux optimization towards improved production of 

target products. As such, this work aimed at developing a modular, flexible and fast pathway 

assembly platform for targeted chromosomal integration in A. gossypii that offers a wide range 

of expression strengths (promoters). 

The developed pathway assembly platform is in an early-stage, designed to easily allow fast 

cloning and exchange of selection markers, promoters, genes and terminators. As endogenous 

promoters provide the required regulatory elements for gene expression, several 

transcriptomic datasets were scanned for medium to high strength promoters. A set of uni- and 

bi-directional promoters was selected, and each promoter cloned into promoter-probes for 

characterization in terms of expression strength and regulation, a task that is under way using 

multiple reporter systems. Preliminary results revealed that the bi-directional promoter 

AgCCW12/HOG1p drives moderate gene expression through the HOG1p side and strong 

expression through the CCW12p side. The datasets were also used for transcription factor 

binding motif mining, in order to find important regulation elements that confer strong gene 

expression values. Five transcription factor binding motifs were identified as strong targets for 

promoter engineering. This information can hereafter enable the rational design of 

synthetic/semi-synthetic minimal promoters. 

With the current genetic engineering turnaround time to genetically modify A. gossypii being a 

limiting factor to establish this fungus as a state-of-the-art microbial factory, this pathway 
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assembly platform has great relevance. With a growing number of promoters characterized, it 

will become increasingly easier to genetically channel the A. gossypii metabolism towards the 

production of value-added chemicals. 
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O.255. Tools provided by RNAseq for the improvement of the entomopathogenic 

nematode H. bacteriophora 

 

Duarte Toubarro1, Juan Castillo1, Nelson Simões1 
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The research conducted in the University of Azores focused in the identification of genes and 

their products supporting the virulence of the entomopathogenic nematode, H. bacteriophora, 

in order to improve its efficacy as biocontrol agent. Our research was developed based in 

natural variability of virulence observed among wild isolates. We performed transcriptomic and 

proteomic analysis of high and low virulent isolates searching for genes / proteins supporting 

the differences in virulence. 

Comparative transcriptome analysis reveals key pathways and genes up-regulated in the 

higher virulent strain comparing to lower virulent. These genes were grouped in two categories: 

i) nematode fitness, comprising genes related to neuromuscular locomotion and redox 

homeostasis and ii) nematode weapons, with emphasis in genes coding for venom proteins 

released into the host (e.g. peptidases, peptidase inhibitors and toxin peptides). Four genes 

up regulated in the high virulent strain were selected to transform the nematode using the 

CRISPRa-dCas9 system aiming its improvement. 

For the transformation of the nematode with dCas9, promoters were predicted in silico and the 

sgRNAs were generated. An expression vector was design to produce recombinant dCAS9 in 

fusion with transcriptional activation domains (dCas9-VPR's) and GFP in E coli. A 244.5 kDa 

protein corresponding to recombinant fusion protein was produced.  

Nematode transformation was achieved with lipofectamines. Lipofection was performed in 

nematode eggs by incubation with two micelle preparations, one containing the dCas9-VPR 

and another containing the sgRNAs. The success of transformation was confirmed using GFP 

as reporter gene in larvae with 3 days.  

We believe that the information produced in this project can support the generation of a tool 

that open new avenues in the improvement of this biological control agent thus facilitating its 

use in crop protection. 
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lactis LMG19460 and its effects on plasmid DNA yield 
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Prazeres1, 2, Sofia Oliveira Duarte1 

1iBB – Institute for Bioengineering and Biosciences, Instituto Superior Técnico, Universidade de Lisboa, 
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2Bioengineering Department, Instituto Superior Técnico, Universidade de Lisboa, Lisbon, Portugal; 
 

There has been an increasing interest in the use of Lactococcus lactis strains in novel 

biotherapeutic applications, including therapeutic plasmid DNA (pDNA) and recombinant 

protein production and delivery of these molecules using live bacteria. Several characteristics 

make L. lactis especially suitable for such applications. Their non-pathogenic nature, lack of 

lipopolysaccharide and extensive use in the food industry has led to their FDA granted 

generally regarded as safe status (GRAS), making them safer alternatives for use in production 

of compounds with therapeutic purposes. However, the generally disappointing yields of both 

pDNA and protein from L. lactis strains limits their applicability as producers of biotherapeutic 

compounds.  

To improve L. lactis capabilities for pDNA and recombinant protein production, a single 

plasmid, CRISPR-Cas9 based, genome editing system was adapted for use in L. lactis subsp. 

lactis LMG19460, with the intent of knocking out the nth gene, encoding a nuclease. This 

plasmid, named pTCas9dO, is composed of a Cas9 gene sequence, inducible by incubation 

in xylose supplemented medium, a single-guide RNA (sgRNA) cassette targeting the nth gene 

and two repair templates homologous to the flanking regions of said gene, named homology 

arms (HAs). The plasmid functions by causing a double-strand break at the targeted site, 

followed by replacement of the affected locus with the plasmid encoded HAs, through 

homology-directed repair (HDR). Selection of the knockout mutants is done through the Cas9 

activity as cells that fail to undergo HDR are killed due to the cytotoxic effects of the Cas9 

induced double-strand break on chromosomal DNA. 

The plasmid was successfully employed in the removal of the 657 bp nth gene with 66.7% of 

cells tested having suffered a genome editing event. The resulting deletion mutant’s 

capabilities as cell factories were investigated by verifying the quantity and quality of produced 

pDNA, through spectrophotometry, agarose gel electrophoresis and densitometric analysis. 

Preliminary results demonstrate an overall decrease in plasmid yields from the deletion 

mutants with no observable difference in plasmid quality.  
 

Funded by FCT (PTDC/BTM-SAL/28624/2017, UIDB/04565/2020, UIDP/04565/2020, LA/P/0140/2020)  
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Many genes in bacteria are regulated by pairs of closely spaced promoters in tandem 

formation. We studied these promoters in E. coli, namely, how the nucleotide distance between 

the two transcription start sites (dTSS) relate to the RNA and single-cell protein levels of the 

native genes that they control. Based on this data, we propose a sequence-dependent kinetic 

model that depends on the time-length that the RNAP occupies the promoters and on dTSS, as 

these parameters control the transcription interference due to RNAP-TSS occlusion (dTSS ≤ 35 

bp) and to RNAP sitting on the downstream promoter (dTSS > 35 bp). The model is shown to 

predict well the moments of the single-cell distributions of natural protein numbers when using 

realistic parameter values. Finally, we propose a strategy for using this model along with 

existing libraries of fluorescently tagged promoters to efficiently design synthetic genes with 

unique, desired dynamics. This strategy could become a standard, accessible practice in 

Synthetic Biology. 
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Candida species are among the most impactful fungal pathogens, normally associated with 

very high mortality rates. With the rise in frequency of multidrug-resistant clinical isolates, the 

identification of new drug targets and new drugs is crucial to overcome the increase in 

therapeutic failure.  

In this study, we present the first validated genome-scale metabolic models for three 

pathogenic Candida species, Candida albicans, Candida auris and Candida parapsilosis. 

These models were reconstructed using the open-source software tool merlin 4.0.2 and are 

provided in the well-established systems biology markup language (SBML) format, thus, being 

usable in most metabolic engineering platforms, such as OptFlux or COBRA. These models 

were used as a platform for the discovery of new drug targets, through the determination of 

gene essentiality in conditions mimicking the human host. Using predictive computational 

techniques, Homology Modelling and Molecular Docking, we were able to identify potential 

inhibitory compounds for the identified drug targets, whose experimental validation is 

underway. This computational approach provides a promising platform for the identification of 

new drug targets and new antifungal drugs to tackle human candidiasis. 
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The recent interest of the yeast research community in non-Saccharomyces species of 

biotechnological relevance motivated the inclusion of the N.C.Yeastract  database 

(http://yeastract-plus.org/ncyeastract/) [1] in the YEASTRACT+ portal (http://yeastract-plus.org/), a 

curated repository of known regulatory associations between transcription factors (TFs) and 

target genes in yeasts [2]. N.C.Yeastract database was created in 2019 and gathers, the 

genome sequences and all published regulatory associations and TF-binding sites for 

Komagataella phaffii, Yarrowia lipolytica, Kluyveromyces lactis, Kluyveromyces marxianus, 

and Zygosaccharomyces bailii. 

Recently, the update of the N.C.Yeastract database was performed, including the addition of 

7,688 regulatory associations between TFs and target genes, the inclusion of 16 new TFs with 

documented regulatory associations, and 2 TFs’ consensuses., Using simple and widely used 

examples, in this presentation it will be provided a guided exploitation of several available tools: 

(i) inference of orthologous genes; (ii) search for putative TF binding sites and (iii) inter-species 

comparison of transcription regulatory networks and prediction of TF-regulated networks based 

on documented regulatory associations available in YEASTRACT+ for well-studied species. 

CommunityYeastract is also part of YEASTRACT+ and enables the exploitation of all the 

information and bioinformatics tools available in the remaining YEASTRACT+ databases for 

the study of yeast species or strains of the user’s interest. Currently, CommunityYeastract 

includes information for the oleaginous yeast Rhodotorula toruloides [3]. 
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Bacterial pathogens are one of the main causes of human morbidity worldwide and the 

introduction of antibiotics into clinical use was arguably the greatest medical breakthrough of 

the 20th century1. Historically, antibiotics have been highly effective against most bacterial 

pathogens; however, the increasing resistance of bacteria to a broad spectrum of commonly 

used antibiotics has become a global healthcare problem. Drug resistance remains the 

greatest concern and biggest challenge to future discovery efforts. The development of new 

drugs is a time-consuming and costly process. The drug discovery industry is facing, therefore, 

unprecedented productivity challenges. However, systems biology and machine learning 

approaches are continuously enhanced to accelerate the path to efficient drug development. 

Machine learning techniques are now extremely popular in drug development as they allow 

automation of highly dimensional, noisy biological data analysis2. The treatment efficacy was 

related to gastric diseases caused by bacteria Helicobacter pylori is failing due to clarithromycin 

and metronidazole-resistance increasing3, or due to high H. pylori mutation frequency, related 

to the development of antibiotic resistance4,5. A preliminary assay, using both therapeutic-

based antibiotics (clarithromycin and metronidazole), allowed to optimize the experimental 

conditions in terms of the sensibility of the Fourier Transform Mid-Infrared spectroscopy (MIR-

FTIR) associated with chemometric methods. Several samples of purified cyprosin extract, 

obtained from Cynara cardunculus flowers, were tested in H. pylori cells. The analysis 

performed using the principal component analysis (PCA) defined several clusters according to 

the biomolecular properties as a consequence of the different concentrations of the Cynara 

extract. The partial least squares (PLS) model obtained is characterized by R2=0.98, and root 

mean squared error cross-validation (RMSECV=0.011). The regression vector highlighted the 

MIR-FTIR-spectral regions that presented a significant correlation between the purified Cynara 

and the bacteria metabolism (3600-2500 cm-1, and 2000-698 cm-1), is related to changes 

mailto:pedro.sampaio@ulusofona.pt
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detected in DNA chain, protein, polysaccharides, and lipids in H. pylori cells. Based on these 

significant results, MIR-FTIR spectroscopy and chemometric methods can be considered 

promising approaches to develop a platform to discover and characterize new bioactive 

molecules, allowing to reduce time and costs related to the drug exploratory procedure. 

 

Reference 
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The exploitation of microbial cells as 

factories for the production of carboxylic 

acids has been considered an important 

landmark to improve sustainability of 

many industrial processes that are today 

dependent of the use of bulk chemicals 

routed on derivatives of oil-cracking.  

However, some of the more interesting carboxylic acids have production pathways that 

cannot be easily ported to interesting microbial hosts and, in more challenging cases, a 

biochemical production pathway is not even known. The great advances seen in the field of 

synthetic biology include a significant expansion of the molecules that can be produced in 

microbial cells, resorting to the implementation of new-to-nature pathways that rely on 

combinations of enzymes and substrates that are not observed in vivo. This work is focused 

on levulinic acid, a versatile platform molecule with potential to be used as an intermediate in 

the synthesis of bulk chemicals used across different industries, from cosmetics to fuels. 

Resorting to a computer-assisted metabolic retrobiosynthesis approach, combined with 

extensive manual curation, hundreds of possible synthetic pathways were screened resulting 

in the assembly of five candidate pathways to drive production of levulinic acid in the 

bacterium Escherichia coli or in the yeast Saccharomyces cerevisiae, two of the most 

amenable hosts for industrial microbiotechnology.  

Genome-scale metabolic modelling was used to assess the performance of these pathways 

in the two selected hosts and to anticipate possible bottlenecks, with one of the pathways 

starting from the precursor -aminolevulinic acid emerging as particularly interesting. 

Supporting the results of the computational screening, preliminary results confirmed in vitro 
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the functionality of some of the synthetic steps predicted (that is, the combination of enzyme 

and non-natural substrate(s) proved to be functional). Not only does the herein described 

approach offer a platform for future implementation of microbial production of levulinic acid, 

but it also provides an organized research strategy that can be used as a framework for the 

implementation of other new-to-nature biosynthetic pathways for the production of value-

added chemicals, thus fostering the emerging field of synthetic industrial microbiotechnology. 
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Binding Affinity 

 

Francisco Olivença1, Adriano Gigante1, Maria João Catalão1, Paula Leandro1, José Moniz-

Pereira1, Sérgio R. Filipe2,3, Madalena Pimentel1 

1Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, Universidade de Lisboa, Lisbon, 

Portugal; 2UCIBIO - Applied Molecular Biosciences Unit, NOVA School of Science and Technology, 

Universidade Nova de Lisboa, Caparica, Portugal; 3Laboratory of Bacterial Cell Surfaces and Pathogenesis, 

Institute of Chemical and Biological Technology António Xavier, Universidade Nova de Lisboa, Oeiras, Portugal 

 

Bacteriophages, the viruses of bacteria, achieve lysis of their hosts through the synthesis of 

proteins that compromise the host cell envelope. In double-stranded DNA (dsDNA) phages, 

disruption of the cell barriers is achieved by at least two proteins: holins, small proteins that 

compromise the cytoplasmic membrane and endolysins, enzymes that hydrolyze the 

peptidoglycan (PG). A third class of proteins, the spanins, are synthesized by bacteriophages 

that infect Gram-negative bacteria to compromise the integrity of the outer membrane. In 

phages that infect mycobacteria, the third lysis player is a mycolyl-arabinogalactan esterase, 

encoded by the lysB gene, whose function is the removal of the lipid-rich outer membrane of 

the mycobacterial host. 

The LysB of Ms6, a mycobacteriophage that infects Mycobacterium smegmatis, has an 

important role in mycobacterial lysis, since its absence results in deficient host lysis (1). In 

addition to the catalytic domain characteristic of lipolytic enzymes, the N-terminus of Ms6 LysB 

shows structural similarity to the PG-binding domain (PGBD) of the endolysin of Pseudomonas 

aeruginosa phage φKZ. The objectives of this work include the determination of the PG binding 

ability of the N-terminal region of Ms6 LysB and the assessment of its significance for the phage 

lytic process. 

A fusion of the PGBD of Ms6 LysB with enhanced green fluorescent protein (Ms6LysBPGBD-

EGFP) was shown to bind to M. smegmatis, Mycobacterium vaccae, Mycobacterium bovis 

BGC and Mycobacterium tuberculosis H37Ra. In pulldown assays, we demonstrate that Ms6 

LysB and Ms6LysBPGBD-EGFP bind to purified PG of M. smegmatis, Escherichia coli, P. 

aeruginosa and Bacillus subtilis, all sharing the A1γ PG chemotype. Infection with an Ms6 

mutant producing a truncated version of LysB that lacks the PGBD region resulted in abrupt   
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lysis. These results clearly demonstrate that the N-terminus of Ms6 LysB binds to the PG and 

influences the lysis phenotype. 

The ability of bacteriophages to lyse their host is being explored for therapeutic approaches, 

thus understanding the lysis function of mycobacteriophages is a vital contribution to the 

development of innovative tools to destroy pathogenic mycobacteria.  

 

 

 

  



5.3 New approaches for disease control and treatment 

 

197 
 

O.210. IR Bactyping, the next cornerstone for Klebsiella pneumoniae strain typing 
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Introduction: Active surveillance and control of multidrug resistant Klebsiella pneumoniae 

(MDR-Kp) at healthcare settings depends on quick and precise identification of particular high-

risk clones. We demonstrated the accuracy of Fourier Transform infrared (FTIR) spectroscopy 

for Kp typing based on machine learning algorithms [1] with an unparalleled time-to-response 

(<24h after bacterial ID) and simplicity of experimental protocol compared to the gold-standard, 

whole genome sequencing (WGS). We aimed to improve the coverage and automation of our 

developed FT-IR workflow, and test the robustness of our solution (IR Bactyping) with MDR-

Kp contemporary collections.  

Methods: Our database (19 MDR-Kp clones) was updated with spectra from characterized 

clinical isolates (including WGS) from collaborating reference hospitals in Portugal/Spain 

(n=75, 2016-2018). The spectral analysis workflow was  transferred to an automated and user-

friendly platform designed by Clover Bioanalytical Software (Granada, Spain), and spectra (ca. 

1700) acquired in standardized conditions [1] were used to build a new classification model 

based on Random Forest algorithm. This model was validated with recent (n=187, 2018-2021) 

clinical isolates from the same hospitals. Spectral reproducibility and stability were tested in 

different equipment’s (Frontier/Spectrum 2 from Perkin-Elmer) and culture media (Mueller-

Hinton/Blood Agar, 37ºC-18h) for a subset of isolates. WGS and/or wzi sequencing were used 

as reference methods.  

Results: We increased the coverage of our classification model (from 19 to 31 MDR-Kp types) 

with 97% of correct predictions, including international high-risk clones (ST258-KL106/KL107; 

ST307-KL102, ST15, ST11, ST147, ST392). External validation with contemporary isolates 

resulted in ~90% corrected predictions. Clones that were absent from the database could also 

be identified. The same classification result was obtained from spectra acquired in different 

equipment’s throughout time, demonstrating a high stability of the spectral database. Likewise, 

spectra acquired directly from the bacterial cultured on Blood Agar directly from the clinical 
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sample were classified correctly (92%), meaning that ID and typing information can be obtained 

in the same day. We successfully transferred our spectral database and analysis workflow for 

prediction of MDR-Kp types to an user-friendly and intuitive platform suitable for non-expert 

users. We demonstrated that spectral information from FT-IR ATR is robust allowing, for the 

first time, to use representative databases for reliable MDR-Kp predictions throughout time. 

Significance: IR Bactyping offers ideal features (accuracy, reproducibility, fast time-to-

response, easiness of implementation) representing a unique opportunity to use typing 

information for real-time detection of outbreaks and transmission chains by MDR-Kp towards 

more efficient infection control measures, effectively reducing MDR-Kp burden.  

 

This work is supported by BIP Proof 2019 award from University of Porto. It was also funded by national funds 

from FCT in the scope of the project UIDP/04378/2020 and UIDB/04378/2020 of the Research Unit on Applied 

Molecular Biosciences - UCIBIO and the project LA/P/0140/2020 of the Associate Laboratory Institute for Health 

and Bioeconomy - i4HB. Ângela Novais is supported by national funds through FCT in the context of the 

transitional norm [DL57/2016/CP1346/CT0032]. 

 [1] Rodrigues C, Sousa C, Lopes JA, Novais Â, Peixe L. A Front Line on Klebsiella pneumoniae Capsular 

Polysaccharide Knowledge: Fourier Transform Infrared Spectroscopy as an Accurate and Fast Typing Tool. 

mSystems. 2020 Mar 24;5(2):e00386-19. 
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Tuberculosis remains a major public health problem worldwide1. Portugal, despite having low 

TB incidence, is believed to have MDR TB since the 1970s, which have contributed to its high 

proportion of MDR and XDR TB cases2. The majority of MDR/XDR clinical isolates can be 

attributed to two main phylogenetic clades – Lisboa3 and Q1 – whose microevolutionary 

trajectories towards MDR/XDR are well characterized3. This work seeks to uncover the additive 

effect of acquired drug resistance associated mutations across the microevolutionary trajectory 

of both clades, ascertain the degree to which their unique mutational profiles contribute to 

increased drug resistance levels while correlating with pharmacokinetic/pharmacodynamic 

models.  

The minimum inhibitory concentrations of 12 drugs were determined for 40 Mycobacterium 

tuberculosis isolates, using the broth microdilution method (EUCAST)4. This data was later 

correlated with each strains’ drug resistance mutational profile and mapped to a phylogenomic 

tree, both produced from WGS data. Strains from Lisboa3 and Q1, specifically harbor the -

15C>T mutation in the inhA promotor and one of two missense mutations in the inhA gene3. 

The combination of promoter and ORF mutations appears essential for promoting high-level 

(≥2 µg/mL) INH resistance since isolated promoter mutations only appear to mediate low-level 

resistance (0.5 µg/mL). Nearly every Lisboa3/Q1 strain harbors mutations within cluster 1 of 

the rpoB gene, where RIF resistance acquisition typically occurs5, and showed consistently 

high-level RIF resistance (>16 µg/mL). Resistance to second-line injectable agents occurs 

diversly between strains types, where Lisboa3 strains acquire resistance from the -10G>A 

mutation in the eis promoter, whereas Q1 strains acquire it through the 1401A>G substitution 

in the rrs gene3, with the latter demonstrating higher levels of SLID resistance. Resistance to 

fluoroquinolones in these two clades result exclusively from missense mutations in codons 91 

and/or 94 of the gyrA gene3, albeit Lisboa3 strains display higher levels of resistance compared 

to Q1 strains, due to distinct substitutions in codon 94. Furthermore, PD/PK in silico models 
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were adjusted for each drug and correlated with their respective resistance genotypes, 

suggesting that drugs like INH, STR and AMK remain efficacious in the presence of strains 

harboring allelic configurations associated with low-level resistance. 

Lisboa3/Q1 strains exhibit unique, yet distinct, evolutionary trajectories towards MDR/XDR, 

with Lisboa3 being associated with higher levels of resistance overall. This demonstrates the 

importance of quantitative analyses in drug resistance diagnosis of TB, considering specific 

mutational burdens can have vastly different effects on resistance levels and consequently 

affect therapeutic outcomes. 

 

References 

1. World Health Organization, 2020. Global tuberculosis report 2020 

2. Perdigão et al., 2020. Using genomics to understand the origin and dispersion of multidrug and extensively 

drug resistant tuberculosis in Portugal. Sci Rep, 10:2600 

3. Perdigão et al., 2013. From multidrug-resistant to extensively drug-resistant tuberculosis in Lisbon, Portugal: 

the stepwise mode of resistance acquisition. J Antimicrob Chemother, 68(1), 27–33 

4. Schön et al., 2021. Multicentre testing of the EUCAST broth microdilution reference method for MIC 

determination on Mycobacterium tuberculosis. Clin Microbiol Infect, 27(2): 288.e1-288.e4 

5. Perdigão & Portugal, 2019. Genetics and roadblocks of drug resistant tuberculosis. Infect Genet Evol, 72, 113–

130 

 

 

 

  



5.3 New approaches for disease control and treatment 

 

201 
 

O.275. Rifabutin liposomes: an effective drug delivery therapy for biofilm associated S. 

aureus infections  

 

Magda Ferreira1, 2, Margarida Pinto3, Sandra Pinto4, 5, Frederico Aires-da-Silva1, António 

Almeida2, Ana Bettencourt2, Sandra Aguiar1 and Maria Manuela Gaspar2 

1Centre for Interdisciplinary Research in Animal Health (CIISA), Faculty of Veterinary Medicine, University of 

Lisbon, Lisboa, Portugal; 2Research Institute of Medicines, iMed.ULisboa, Faculty of Pharmacy, University of 

Lisbon, Lisboa, Portugal; 3Laboratório de Microbiologia do Serviço de Patologia Clínica do Centro Hospitalar 

Universitário de Lisboa Central, Lisboa, Portugal; 4iBB—Institute for Bioengineering and Biosciences and 

Department of Bioengineering, Instituto Superior Técnico, University of Lisbon, Lisboa, Portugal; 5Associate 

Laboratory i4HB-Institute for Health and Bioeconomy at Instituto Superior Técnico, Universidade de Lisboa, 

Lisboa, Portugal. 

 

Staphylococcus aureus is one of the most infectious bacterial pathogens worldwide being 

particularly associated to hospital-acquired infections. Conventional treatment has been 

hampered by the emergence of multi-drug resistant strains and the innate ability of S. aureus 

to form biofilms and evade the immune system [1]. A potential therapeutic alternative is the 

repurposing of antibiotics in combination with nanotechnological platforms [2]. Among them, 

liposomes stand out due to their ability to specifically target infected areas and interact with 

biofilms, releasing the incorporated antibiotic at therapeutic levels within the infection site. In 

the present work, the potential therapeutic benefit of rifabutin (RFB) was assessed in both free 

and liposomal forms. Susceptibility assays to free and liposomal RFB were performed for S. 

aureus reference strain (ATCC®25923™) in planktonic and biofilm forms. Free RFB displayed 

a high antibacterial potential with minimum inhibitory concentration (MIC) and minimum biofilm 

inhibitory concentration (MBIC50) below 0.006 μg/mL. RFB incorporated in liposomes 

preserved its antibacterial activity against both planktonic and biofilm forms of the reference 

strain. In a biofilm transwell model, positively charged RFB liposomes demonstrated the 

highest interaction with S. aureus biofilms. Nevertheless, RFB incorporated in negatively 

charged liposomes displayed lower MBIC50 [2]. These results were confirmed by confocal 

scanning laser microscopy analysis. The high antibacterial potential of RFB was also validated 

against a set of 117 clinical isolates recovered from invasive staphylococcal infection, 

presenting MIC values ranging from15- to 1000-fold lower than vancomycin. Overall, RFB 

seems to be a high potent antibiotic aiming to overcome vancomycin problems associated to 

S. aureus management. The antibacterial validation with RFB liposomes against biofilms 

structures of the clinical isolates constitutes further studies. 
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Diabetes is a chronic, metabolic disease that affects 463 million people worldwide and is 

characterized by high blood levels of glucose1. One of the major complications of diabetes is 

skin ulceration, particularly of the foot, often worsened by infection. Diabetic foot infections 

(DFI) represent a significant source of morbidity and is associated with an increased risk of 

limb amputation2. DFI are often caused by a polymicrobial flora, in which Staphylococcus 

aureus represents one of the most virulent and frequently isolated pathogens3,4. Particularly, 

methicillin-resistant S. aureus (MRSA) has a prevalence of 15-40% and is associated with a 

high severity of infection5. Treatment of DFI requires a coordinated and multidisciplinary team 

to provide antibiotherapy, appropriate wound care, surgical interventions (if needed) and also 

patient counseling about disease management3. For severe DFI, systemic antibiotherapy is 

required, either orally or parenterally, usually for a long period (3 weeks). Nonetheless, the lack 

of blood flow and tissue necrosis often observed in DFI hinders the efficacy of antibiotics6,7, 

which in turns contributes to the alarming increase of bacterial resistance to antibiotics. In 

addition, systemic antibiotherapy is also often associated to adverse side effects8. Thus, 

effective therapeutic approaches for severe DFI are urgently needed.   

In this study, we propose a biomaterial-based therapeutic strategy for the topical treatment of 

DFI, aiming for a controlled and localized antibiotic deliver. For that purpose, antibiotics were 

incorporated in a biomaterial-based hydrogel, and the resultant formulation was tested for its 

biocompatibility in a mouse fibroblast cell line and its antibacterial activity against S. aureus, 

either in vitro (broth microdilution and agar diffusion tests), and in vivo, using a diabetic mouse 

model of MRSA-infected wounds. 

In vitro antibacterial activity tests revealed that our formulation is effective against S. aureus, 

and this effect is only attributed to the incorporated antibiotics, since that unloaded hydrogel 

has no antibacterial activity. The observed in vitro antibacterial effect of developed formulations 
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was corroborated in vivo. After 3 and 7 days of treatment, antibiotics-loaded hydrogel led to a 

significant reduction of bacterial burden in wounds, compared to control and unloaded hydrogel 

groups. Moreover, in vitro biocompatibility tests showed that our formulation is able to 

significantly reduce the cytotoxic effect of free antibiotics. In summary, this study suggests that 

this new formulation is a promising strategy for use as a non-invasive topical therapy of severe 

DFI.  
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Helicobacter pylori is a microaerophilic bacterium that chronically infects the human gastric 

mucosa. Infections caused by this pathogen are difficult to treat, mainly due to the increased 

resistance of this species to conventional antibiotics. Therefore, it is important to develop 

antibiotic alternative or complementary approaches to tackle H.  pylori infections. 

Bacterio(phages) have proven to be efficient antibacterial agents, however it is very difficult to 

isolate strictly lytic phages infecting H. pylori. Nevertheless, this bacterial species presents 

prophages in their genomes and although strictly lytic phages have been consensually 

preferred for phage therapy purposes, temperate prophages holds a great but an exploited 

potential. 

In the present work, we developed a new PCR-based screening method to detect the presence 

of prophages genes in a set of H. pylori Portuguese clinical strains. The genomes of selected 

strains were then sequenced using a combined Illumina platform and MinION nanopore-based 

sequencing strategy. Prophages’ content was then analysed using the PHASTER tool. After 

sequencing analysis, UV light was used to induce phages, from which one was further 

characterized in terms of morphology, host range, stability on an in vitro gastric model, genome 

analysis and efficacy against a H. pylori culture. 

The complementarity between Illumina and Nanopore results, allowed us to identify a total of 

10 intact, 7 questionable and 47 incomplete prophages on the 14 sequenced strains. One 

predicted intact prophage was induced successfully, and presents a genome length of 31 162 

bp with 37.1 % G+C content. Interestingly, this new podovirus infects five H. pylori strains, and 

in the gastric in vitro model only a small loss of phage titer was observed in the gastric phase, 

suggesting that this phage could be adapted to the stomach environment. Farther, this phage 

demonstrated to be capable of maintaining the H. pylori population at low levels for up to 24 h 

post-infection with MOIs of 0.01, 0.1 and 1.  
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Overall, a new PCR screening method was developed to detect prophages on H. pylori and 

positive correlations with sequencing results were observed. Moreover, this new isolated 

phage seems to have therapeutic potential to treat H. pylori gastric infections. 
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The comprehensive analysis and monitoring of microalgae cultures remains a challenge today 

and alternatives for the time-consuming and expensive chromatographic methods are in high 

demand. 2D fluorescence spectroscopy (2DF) is a non-invasive analytical technique that can 

be applied in situ and real-time, being potentially adequate as an online monitoring tool for 

biological systems. In this work is shown how 2DF may be used for monitoring important 

productivity parameters in a Dunaliella salina culture without the need of a compression step 

or inclusion of further process data. For this purpose, a methodology based on machine 

learning algorithm Projection to Latent Structures Regression coupled with variable selection 

strategies was used.  

Additionally, a leave-one-batch-out (LOBO) robustness analysis is proposed to support the 

validation of the models and provide a measure of their reliability. Robust (Q2
LOBO≥0.5) and 

parsimonious (using down to 3% of a 250-700 nm wavelength excitation-emission map) 

models were obtained for monitoring cell count, chlorophyll b, total carotenoids and β-

carotene concentration, and the ratio between total carotenoids and total chlorophylls, all of 
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which have either a percentage of error of validation that does not surpass 25% or capture 

correctly at least 60% of the variance. 
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Imaging of bacterial cells by fluorescence microscopy is an essential approach for cell biology 

studies on bacteria, especially for studies on cell division and morphogenesis. Due to the 

amount of time and work required to perform manual analyses on microscopy images, several 

image analysis tools were developed(1,2), capable of performing automatic cell detection and 

measurement of single cell features. However, when the goal is to uncover the cellular 

processes involved in bacterial growth and division, it is of utter importance to perform these 

analyses in the context of cell cycle progression. Manual assignment of cell cycle stages is a 

very laborious, time-consuming task and is prone to user bias. In rod-shaped or ovoid bacteria, 

elongation can be used as a proxy for cell cycle progression. However, that is not the case for 

cocci, such as Staphylococcus aureus. For this reason, we developed eHooke(3), an image 

analysis framework developed specifically for automated analysis of microscopy images of 

round-shaped bacterial cells. Furthermore, we trained an artificial neural network to 

automatically classify the cell cycle phase of individual S. aureus cells and implemented it in 

eHooke (Figure 1). This allows users to use eHooke to obtain biologically relevant data on 

fluorescence signals, morphological features and cellular localization of proteins in individual 

cells, in the context of the cell cycle stage. 
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Figure 1 – eHooke automatic analysis. eHooke automatically segments S. aureus 

fluorescence microscopy images, isolates individual cells and classifies them according to the 

cell cycle phase. 
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Ex situ breeding programs are important conservation tools for endangered freshwater fish. 

However, developing techniques that decrease the likelihood of disease, antimicrobial 

resistance and virulence determinants acquisition is challenging. In this study, we conducted 

a captivity experiment with Iberochondrostoma lusitanicum to investigate the influence of 

protective measures (i.e., material disinfection protocols and animal handling with gloves) on 

the dynamics of Aeromonas spp., as well as its genomic relationships, virulence profiles and 

antimicrobial resistance signatures. Our findings suggest that Aeromonas spp. prevalence 

decreased over the experiment period when using protective measures. Additionally, when 

testing the phenotypical expression of virulence factors by the bacterial isolates at 22°C, the 

virulence index values obtained when using protective measures were lower. However, despite 
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several shifts in the antimicrobial resistance signatures during the experimental period, the 

multiple antibiotic resistance (MAR) index of the isolates did not differ between conditions and 

increased from the beginning to the end of the trial. Protective measures tested are considered 

a simple tool to be applied in ex situ breeding programs for aquatic animals worldwide and that 

can have the potential to decrease the prevalence of a potential pathogenic agent and its 

virulence potential. 
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Climate change is expected to create environmental disruptions that will impact a wide array 

of biota. Projections for freshwater ecosystems include severe alterations across distinct 

geographical areas. Life traits in bacteria are modulated by environmental parameters, but 

there is still uncertainty regarding bacterial responses to climate change. In this study, we used 

a river water microcosm model to evaluate how Aeromonas spp., an important pathogenic and 

zoonotic genus ubiquitary in aquatic ecosystems, responds to environmental variations of 

temperature and pH as projected by the Intergovernmental Panel on Climate Change. Namely, 

we evaluated bacterial growth, biofilm production and antimicrobial resistance profiles of 

Aeromonas species in pure and mixed cultures. Biofilm production was significantly influenced 

by temperature and culture, while temperature and pH affected bacterial growth. Reversion of 

antimicrobial susceptibility status occurred in the majority of strains and tested antimicrobial 

compounds, with several combinations of temperature and pH contributing to this effect. 

Current results highlight how bacterial genus such as Aeromonas will experience climatic 

alterations, specifically how their proliferation, virulence and phenotypic resistance expression 

will be modulated. Such information is fundamental to predict and prevent future outbreaks and 

deleterious effects that these bacterial species might have in human and animal populations. 
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Haemolytic activity is a relevant virulence determinant in enterococci, but there is no consensus 

on evaluation protocols to be used. Different medium and atmospheres influence in the 

evaluation of enterococci haemolytic ability was evaluated, using a collection of 140 canine 

oral enterococci, including E. faecalis (n=60), Enterococcus spp. (n=44), E. faecium (n=31) 

and E. hirai (n=5).  

Each isolate was inoculated on Columbia agar plates supplemented with 5% sheep (COS) and 

5% horse (COH) blood and incubated at 37°C, 72h, in aerobiosis and anaerobiosis. Then, 

plates were observed for clearing zones around colonies, considered as positive. Absence of 

clearing zones or presence of greenish-halos were considered negative. 

A total of 35.71% of the isolates presented haemolytic activity when inoculated in COS in 

anaerobiosis, followed by 32.86% in COS in aerobiosis, 18.57% in COH in aerobiosis and 

11.43% in COH in aerobiosis. Considering COS results, in anaerobiose 96% of the positive 

isolates were E. faecalis, and in aerobiose 91.3% were Enterococcus spp.  

Canine oral enterococci haemolytic profile should be evaluated using COS, in both aerobiosis 

and anaerobiosis. However, to establish an universal protocol for the detection of enterococci 

haemolytic activity, further research should be performed using isolates from other sources. 
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Aliarcobacter butzleri is a motile Gram-negative pathogenic bacterium with a single polar 

flagellum. It can be isolated from distinct environments and hosts, and it has been shown to 

induce gastrointestinal (GI) disease. To establish such GI infections, A. butzleri should be able 

to tolerate several stresses during GI transit, such as bile. This bile host barrier act against 

luminal noxious agents and consists of a variety of antimicrobial bile acids. The intestinal bile 

acids act as detergents involved in the antimicrobial host defense; however, on the bacterial 

side, it may also act as a signal to activate virulence mechanisms, as shown for other bacterial 

enteropathogens. This work aimed to fill the gap in knowledge about the effects of bile acids 

on survival and induction of virulence mechanisms of A. butzleri. Firstly, the effects of bile acids 

were evaluated by determining its minimum inhibitory concentration (MIC), and further the 

growth profile of the bacterium in the presence of different concentrations of bile. Secondly, 

cellular hydrophilicity, swarming motility, flagellin A gene expression and the capacity to form 

biofilms in the presence of bile acids were evaluated. Regarding A. butzleri resistance to bile 

acids, the MIC of bile acids was 10%, which is above the human physiological concentrations 

described previously. Furthermore, bacterial survival in the presence of bile acids was 

observed in a range from 0.2 to 2% survival rate, whereas the 5% bile acids concentration led 

to bacterial cell death after 24 hours of exposure. Regarding the virulence traits, an increase 

in cellular hydrophobicity was observed in the presence of a sub-inhibitory concentration of bile 

acids at 0.2%, which also resulted in a decrease in motility. This change in motility was 

concomitant with a decreased in flaA gene expression. Finally, biofilm formation ability was 

affected when A. butzleri was exposed to bile acids at 0.2%, being observed an increase in 

biofilm formation and a change in the biofilm phenotype. In conclusion, the results proved that 

A. butzleri has the capacity to survive to physiological concentrations of bile acids in the human 

GI tract and that exposure to bile acids may act by inducing changes in its virulence 

mechanisms. 
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The offal’s utilization can play an important role in malnutrition combat, especially in developing 

countries. To control deterioration in these products, decontamination (physical, chemical and 

biological) can be used as an additional measure to reduce spoilage and pathogenic 

microbiota. 

The aim of this study was to evaluate the effectiveness of the application of lactic acid and 

acetic acid at 1% and 2% on the surface of bovine liver samples. 

After the liver reception directly from slaughterhouse, pieces of approximately 100 g were cut 

and placed in closed glass petri dishes at laboratory. Samples were decontaminated by 

spraying (covering the entire surface) with approximately 0.8 ml of lactic acid (1% and 2%), 

acetic acid (1% and 2%) and distilled water. In addition, samples without any treatment were 

used as control. The samples were stored at 7 ºC and analysed using 6 different times (0, 12, 

24, 48 hours 4, and 7 days), in triplicate (270 samples). Over time, samples were cut aseptically 

from the initial 100 g portion. Mesophilic microorganisms, Enterobacteriaceae, Escherichia coli 

and Lactic acid bacteria was evaluated in all study samples. 

Comparing the treatments, for mesophilic microorganisms counts, acetic acid 2% showed 

better results. Very significant differences at 0 and 24 hours of storage and highly significant 

differences at 48 hours, 4 and 7 days were observed. For Lactic acid bacteria counts, 

significant differences were observed at 0 hours, mainly due to the lower counts observed with 

lactic acid application. For Enterobacteriaceae at 48 hours there were significant differences 

and very significant differences at 7th day of storage, and the application of acetic acid 2% 

showed better results. No significant differences were observed for E. coli. 

Between storage times for each treatment, an increase in counts was verified for all evaluated 

microorganisms, with highly significant differences for mesophiles, Enterobacteriaceae and 

Lactic acid bacteria in all treatments. For E. coli, the development of counts was less evident 
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with no significant differences obtained over time in all treatments, demonstrating a 

bacteriostatic effect mainly with the application of lactic acid 2% and acetic acid 2%. For 

mesophiles, mainly from 12 hours of storage, the application of acetic acid at 2% showed a 

smaller increase in counts (2.7 log cfu/g) compared to untreated samples (4.11 log cfu/g). 

The results showed that the use of organic acids can be used as an additional measure to 

reduce spoilage of bovine liver, thereby reducing food waste. 

Fundings: This work was supported by the project UIDB/CVT/00772/2020 funded by the 

Fundação para a Ciência e Tecnologia (FCT). 
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Contamination of pig carcasses by pathogenic microorganisms often occur during the 

preparation process of carcass at slaughterhouse. Listeria monocytogenes is a pathogen 

frequently associated to meat industry. 

This study aimed to evaluate the behaviour of Listeria monocytogenes by citric acid and lactic 

acid application as decontaminants in pig carcasses samples. 

Listeria monocytogenes mix was prepared with Listeria monocytogenes ATCC 4b and Listeria 

monocytogenes environmental by optical density (OD 600 nm). The bacterial suspensions 

were inoculated in samples of rind about 25 cm2 at two different concentrations 1.74 × 105 

(suspension A) and 6.38 × 106 CFU/cm2 (suspension B). Samples (n=120) were 

decontaminated by spraying citric acid or lactic acid at 2 and 5%, stored at 7 ºC and analyzed 

at 30 minutes, 6, 12, 24 and 48 hours. Non decontaminated samples were used as control (30 

samples). 

During storage, all substances used as decontaminants in the study had lower counts when 

compared to the control samples. For all treated samples, a bacteriostatic effect was observed 

up to 12h. After 24 hours there was an exponential growth of the Listeria monocytogenes. For 

suspension A, there were very significant differences between treatments at 30 minutes, 12 

and 48 hours and highly significant at 6 hours. For suspension B, there were significant 

differences between treatments at 30 minutes, 6 and 48 hours and very significant at 24 hours. 

During time, lactic acid 5 % showed better results for both suspensions, more evident on 

suspension B, where the evolution of the counts was lower. However a significant increase in 

counts was observed over time for all treatments. Compared with control samples, in the 48 

hours of storage for suspension A and B, the increase in counts was approximately 1.2 and 

1.5 log CFU/cm2 less with the application of lactic acid 5%. Despite being less efficient, the 

action of citric acid at 5% also showed satisfactory results with counts of ±1 log CFU/cm2 lower 

than those obtained in the control samples after 48h of storage for both suspensions. 
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The results demonstrated that organic acids have good bioactive properties that can be used 

in meat preservation as an additional strategy to reduce pathogenic microorganisms on 

carcass surface. 

 

Fundings: This work was supported by the project UIDB/CVT/00772/2020 funded by the Fundação para a Ciência 

e Tecnologia (FCT). 
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81. Presence of viable pathogenic leptospires in environmental samples from three 

districts of mainland Portugal: a pilot study. 
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Global Health and Tropical Medicine (GHTM), Instituto de Higiene e Medicina Tropical (IHMT), Universidade 

NOVA de Lisboa (UNL), Lisboa, Portugal 

 

Introduction: Leptospirosis is one of the most widely distributed zoonosis worldwide, having 

increased in importance in recent years. Humans (accidental hosts) are commonly infected 

upon direct or indirect contact with urine from animals, colonized or infected with leptospires. 

Rodents are the main reservoirs, shedding leptospires in urine, mainly responsible for 

contaminating waters and soils. 

Objective: This study aimed to analyze the viability of pathogenic Leptospira spp. in 

freshwaters and soils from three districts of Portugal (Lisboa, Setúbal and Viseu). 

Methods: A total of 312 freshwater and soil samples, collected in Lisbon, Setubal, and Viseu 

districts, were evaluated through a nested-PCR protocol with primers targeting lipL32 gene to 

detect pathogenic species of Leptospira. Then, to evaluate the percentage of samples 

containing leptospires capable of causing infection to humans, we performed viability tests 

using the Propidium monoazide (PMA) dye and a “LipL32” RT-PCR protocol to 10% randomly 

selected samples with pathogenic leptospiral DNA (n=10).  

PMA dye has as principle the modification of the DNA from dead cells, upon light treatment 

with PMA-LiteTM LED Photolysis Device, preventing the occurrence of DNA amplification with 

“LipL32” real-time PCR protocol. Thus, we calculated the percentage of viable cells in each 

sample through the ∆Ct [∆Ct sample = Ct (PMA-treated) - Ct (PMA-untreated)], obtained on “LipL32” RT-

PCR protocol. 

Results: Evaluation with “LipL32” nested-PCR protocol showed that 31% (n=98+/312) of the 

environmental samples collected were contaminated with pathogenic Leptospira DNA. Viable 

leptospires were detected in 40% (n=4+/10) of the samples analyzed.  

Conclusions: The relevant percentage of samples with viable pathogenic leptospires, 

reinforces the importance of freshwaters and soils on their maintenance, raising concern about 

the risk it poses for public health. 
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109. Canine and feline haemoparasites – brief report of the veterinary hospital. 

 

Viktor Nikonov1, Joana Cordeiro1, Mariana Silva1, Luciana Pardini1 

1San Bento Veterinary Hospital, Lisbon, Portugal 

 

Background: Haemoparasitosis are widespread group of infections caused by 

microorganisms that primarily affect blood cells. These pathogens are transmitted by a variety 

of arthropod vectors. Disease may be highly pathogenic, clinical signs are rarely 

pathognomonic. Several are zoonoses. 

Materials/Methods:  Samples from animals with indicative symptoms (fever, anemia, weight 

loss etc.) were analyzed for period from 01.01.2019 to 29.02.2020. Only positive results were 

esteemed. Blood specimens collected in sterile conditions and processed by cytology, 

immunology, or PCR techniques.   

Results: In total, were considered the results of 65 tests. 

Dogs (17): Rickettsia spp. 10 (58,82%) 

   Anaplasma platys 3 (17,65%); Ehrlichia spp. 1 (5,88%) 

   Ehrlichia spp. + A.platys / Ehrlichia spp.+ Rickettsia spp. 2 (11,77%) 

   Babesia spp. + Ehrlichia spp. + Rickettsia spp. 1 (5,88%) 

Cats (48): Mycoplasma spp. 35 (72,92%) 

   Rickettsia spp., Ehrlichia spp., Anaplasma platys 1 (2,08%) for each one   

   Mycoplasma spp. + Rickettsia spp. 5 (10,42%) 

   Mycoplasma spp. + Ehrlichia spp. 1 (2,08%) 

   Indeterminate results: Mycoplasma spp vs Rickettsia spp 3 and Anaplasma spp vs Ehrlichia 

spp. 1; Totally 4 (8,33%)  

Conclusions: Haemoparasites are extended group of microorganisms. Disease controls are 

difficult, and transmission often are unpredictable. Growing of international flows and climate 

changes can impact an epidemiological situation. It requires an authority’s surveillance.  
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Tick-borne rickettsioses are vector-borne zoonoses, caused by an obligate intracellular, 

bacteria belonging to the spotted-fever group (SFG) of the genus Rickettsia. Not only ixodid 

ticks are the main vectors of SFG rickettsiae, but also are considered reservoirs as many 

species of the genus Rickettsia can be vertically transmitted. The aim of this study was to use 

molecular methods to determine the prevalence and identities of SFG rickettsiae in ticks 

collected at Tapada Nacional de Mafra (TNM), as well as, to identify tick fauna of potential 

vectors of SFG rickettsiae. These data can help future studies to understand which tick species 

are involved in the maintenance and prevalence of the enzootic cycle of SFG rickettsiae at 

TNM, as well as aid physicians to properly diagnose suspected cases of SFG rickettsiae from 

people who attend the TNM due to different reasons. From May 2019 until May 2021, questing 

ticks (females, males, and nymphs) were collected from the vegetation by dragging method at 

TNM (N, 38o 57´ 884”, W 009o 18´ 162”). Collected ticks were immediately incubated at 25ºC, 

to be submitted to DNA and RNA extraction. Adult ticks were individually submitted to 

extraction, while samples with immature stages (nymphs) were set up by pools of five 

specimens. To ensure the absence of PCR (polymerase chain reaction) inhibitors, samples 

were randomly chosen and subjected to conventional PCR to amplify a fragment of the 

18SrRNA tick gene. All samples were tested for the presence of Rickettsia spp. by TaqMan 

qPCR targeting a fragment of the citrate synthase gene (gltA). Samples that displayed to have 

the rickettsial DNA fragment by qPCR, were after used for separated amplifications of a larger 

fragment of the gltA gene and the amplification of the major outer membrane protein (ompA). 

From a total of 668 questing ticks collected at TNM, Ixodes ricinus was the most prevalent 

species found (597/89.91%). The remaining tick species found were: Haemaphysalis punctata 

(32/4.82%), H. inermis (31/4.67%), Hyalomma lusitanicum (3/0.45%) and Rhipicephalus 

sanguineus sensu lato (1/0.15%). Rickettsiae screening, by qPCR, have shown a prevalence 
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of approximately 20% (47/231) in I. ricinus. Preliminary sequencing results of both rickettsial 

genes (gltA and ompA) have identified the presence of Rickettsia slovaca and R. monacensis 

in I. ricinus collected at TNM. 

 

Acknowledgement: FCT projects PTDC/CVT-CVT/29073/2017 and PTDC/SAU-PAR/28947/2017 
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Crimean-Congo hemorrhagic fever virus (CCHFV) (Nairoviridae, Orthonairovirus) is a tick-

borne virus that causes severe disease and high mortality rates in humans and classified as a 

biosafety level (BSL) 4 pathogen. This virus is mainly transmitted by Hyalomma ticks and has 

been increasingly detected in Europe and other CCHFV-endemic areas. Since Hyalomma 

lusitanicum geographical distribution encompasses the Iberian Peninsula, where recent human 

cases of CCHFV have been detected, a more comprehensive understanding of the tick-virus 

interactions is needed to fully realize the role this vector plays in the (re)emergence of CCHFV. 

As showed in previous studies, Hazara Virus (HAZV) is a valid surrogate model to study 

CCHFV under BSL2 conditions. The aim of this study was to establish and characterize, for 

the first time, the infection of H. lusitanicum cell line (HLE/LULS42) with HAZV to elucidate the 

dynamics of the infection (in vitro) in the tick vector. This tick cell line was maintained in parallel 

with HAZV grown in Vero cells. Tick cells were infected with HAZV at different multiplicities of 

infection and supernatants were retrieved at several time-points post infection and later 

processed for RNA extraction using TRI-reagent. Viral RNA was quantified using an in-house 

designed Quantitative Reverse Transcriptase Polymerase Chain Reaction (RT-qPCR) using a 

TaqMan probe targeting a region of the S segment of HAZV genome. The results obtained 

demonstrate that H. lusitanicum cells are susceptible to HAZV infection. As expected, no clear 

cytopathic effect is observed. The viral loads obtained by RT-qPCR provided an image of the 

kinetics of the infection and show an increase of the viral titers after infection which had its 

highest value detected at approximately 7-8 days post-infection. Preliminary data also indicates 

that a persistent infection is established despite being maintained by a lower viral titer, in 

accordance with other studies using different tick-derived cell lines infected with HAZV. Future 

studies are warranted in HLE/LULS42 and other relevant tick cell lines to study the molecular 

mechanisms underlying the viral persistence without damaging the host. Altogether, this work 

provides critical knowledge in understanding the vector-pathogen interactions and will guide 

future studies towards prevention and treatment of poorly studied viral threats. 
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193. Microbicidal activity of macrophages exposed to pathogenic spirochetes Borrelia 

garinii and B. lusitaniae species 
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Macrophages (MΦ) are major effect cells able to phagocyte and destroy pathogens by different 

mechanisms, playing a crucial role in innate immune defense. Borrelia burgdorferi,the etiologic 

agent of Lyme disease, exhibit different levels of virulence, according to the species, which 

may influence MΦ antimicrobial mechanisms in response to infection leading to a variety of 

clinical manifestations. This study aimed to analyze MΦ microbicidal mechanisms in the 

presence of two pathogenic species with different pathogenicity, is focused on phagosome 

acidification, phagosome maturation into phagolysosomes and production of reactive oxygen 

species (ROS), nitrogen species (RNS) and urea by MΦ. THP-1 cell line-derived MΦ were 

infected with B. garinii and B. lusitaniae. Infection rate was calculated by quantifying the 

presence of intracellular Borrelia through immunofluorescence (IFA). Also, by fluorescence 

microscopy, ROS was detected using CM-H2DCFDA dye, LysoTracker Red was used to 

detect acidic vesicles and anti-LAMP1 antibody to mark lysosomes. The concentration of 

nitrites and urea in cell culture was measured by colorimetric assays. Quantification of MΦ 

intracellular bacteria showed that three hours after infection, frequency of B. garinii infected-

MΦ was higher when compared with B. lusitaniae infected-MΦ. Intracellular B. garinii appeared 

to be spread throughout the cytoplasm in its normal morphology while B. lusitaniae appeared 

to be inside vacuoles. However, by IFA there was no apparent co-localization of both Borrelia 

spirochetes and lysosomes. 24 hours’ post-infection, there was a rise in the number and size 

of MΦ acidic vesicles, being higher in MΦ exposed to B. garinii. The increase of acidic vesicles 

was coincident with the decrease of infected MΦ. Both spirochetes induced the production of 

ROS by THP-1 MΦ that increased at 24 hours’ post-infection. There were no differences in the 

production of nitrites and urea by MΦ. As expected, this study confirms the higher infective 

capacity of B. garinii. However, this bacterium appeared to remain free in the cytoplasm without 

the generation of phagosomes or phagolysosomes. On the other hand, B. lusitaniae appear to 

be inside immature phagosome. However, THP-1 MΦ reacted to the presence of bacteria by 

increasing the number of acidic vesicles and production of ROS, which seems to contribute to 

the intracellular destruction of these spirochetes. Preliminary results show the initial response 

to Borrelia infection occurs and how pathogenicity of each Borrelia spp can affect MΦ activity, 
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even so, the absence of co-localization of these bacteria with lysosomes can represent a 

possible survival mechanism of pathogenic borreliae.  
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Aliarcobacter butzleri has been described as an emergent enteropathogen, which probable 

transmission route is the ingestion of contaminated food or water. Infections by this bacterium 

are often associated with abdominal cramps and watery diarrhea. Although A. butzleri’ 

pathogenic potential has been described, the virulence mechanisms and the possible strain-

specific features are still scarcely known. Thus, in this work, we aimed to evaluate the 

phenotypic profiles of 15 human isolates of A. butzleri to assess the potential variability among 

strains. All isolates studied were genetically distinct presenting different sequence types. The 

majority (13/15) of the isolates presented profiles of multirresistance to antibiotics, with a higher 

rate of resistance to ertapenem, tetracycline and ampicillin. The studied isolates showed 

diverse survival profiles under acidic conditions, while being all resistant to bile salts at 

concentrations found in the human gut. Two groups with different profiles of motility were found, 

one with low motility (6/15 isolates) and the other with high and variable motility (9/15 isolates).  

Regarding biofilm formation, 11 isolates presented strong to moderate biofilm formation 

capacity. All of them showed weak haemolytic activity and low survival in the human serum, 

with the exception of one isolate with high survival. Seven of the fifteen strains were able to 

invade Caco-2 cells, while all showed the ability to adhere to the cell line, although 

heterogeneously. In conclusion, this group of clinical isolates of A. butzleri displayed diverse 

phenotypes, pointing to strain-specific virulence profile and supporting the pathogenic potential 

of this bacterium.  
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Leptospirosis is a zoonotic disease caused by spirochetes of the genus  Leptospira. Rodents 

are the main reservoirs and chronic renal carriers of leptospires throughout their lives. These 

pathogens are transmitted to humans through direct or indirect contact with urine, blood, 

biological tissues of a reservoir, an infected animal, or contaminated soil and water by 

leptospires. Generally, leptospirosis has a direct relationship with precarious sanitation 

conditions and high rodent infestation.  

This study aimed to optimize a Real-Time PCR protocol, using "LipL32" primers for DNA 

detection of pathogenic Leptospira in biological and environmental samples. 

The optimization of the "LipL32" RT-PCR protocol was performed using four pure cultures 

representative of pathogenic Leptospira serovars and biological and environmental samples: 

human serum (7) and urine (5); rodent tissues (3) and urine (3), and freshwater (17) and soil 

(9). Primers target the lipL32 gene, encoding the outer membrane lipoprotein with the same 

name (LipL32) responsible for Leptospira pathogenicity and adaptation to environmental 

conditions. The lower limit of detection (LLD) of the RT-PCR protocol for pure cultures 

(serovars) was determined to be 100 bacteria/µl. The Chi-square test was applied in order to 

compare the results obtained by RT-PCR and a previous nested-PCR using the same genetic 

target (lipL32), with a confidence level of 95%. 

The rodent samples (urine) presented an LLD value of 102-103 bacteria/µl. In contrast, the 

human samples (serum and urine) showed an LLD of 100-101 bacteria/µl. The RT-PCR 

protocol allowed the detection of Leptospira DNA (19+/44; 43.2%) of the total samples, while 

the nested-PCR only amplified leptospiral DNA in ten of them  (22.7%). The Chi-square test 

showed a significant difference in the sensitivity of both protocols (p = 0.0339). 

Preliminary results pointed out the 'LipL32' RT-PCR protocol as a promising tool for detecting 

smaller concentrations of pathogenic Leptospira DNA,  regardless of the nature (biological or 

environmental) of the samples to be studied. Thus, this approach can be advantageous to 

substantially improve the diagnosis of leptospirosis, especially at the onset of the disease. 
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Dermatophytoses are contagious cutaneous infections that although non-lethal and treatable 

have become a major public health problem worldwide due to factors such as the limitation 

and/or unavailability of existing treatments in certain human health settings, or the increased 

resistance. These problems highlight the urgent need for effective alternative therapies that 

may be used alone or in combination.  

In Cape Verde, Whitania chevalieri, an endemic plant, commonly known in Cape Verde as 

“chili pepper”, is used in traditional medicine for its biological activities including as an 

antimycotic.  

This study aims to assess the in vitro antidermatophytic activity of the ethanolic crude extract 

alone and associated with itraconazole, terbinafine, and griseofulvin on clinical isolates of 

Trichophyton soudanense, Trichophyton rubrum, and Trichophyton interdigitale, common 

dermatophytes isolated from patients in Cape Verde. 

After characterization of its composition, the ethanolic crude extract was used to study its 

antifungal activity. The EUCAST definitive document E.DEF 9.3.1 was used to evaluate the 

minimum inhibitory concentration (MIC), minimum fungicidal concentration (MFC). For the 

MFC assays, the CFU counts were performed over a period of 7 days of incubation and the 

extract was considered fungicidal when no CFU was obtained. and the development of 

resistance. To determine the potential for resistance development, one strain of each species 

was subjected to serial passages in concentrations higher than the MIC. 

Time-Kill assay was used to verify the fungicidal activity testing 0.5×, 1×, 2×, 4× the MIC for 

each isolate, and the checkerboard assay to evaluate the interaction between the extract and 

conventional antidermatophytic agents. 

The ethanolic crude extract presented concentration-dependent fungicidal activity against 

almost all the studied dermatophyte species, with MFC similar to MIC or MFC similar to at least 
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one dilution before MIC. The MIC was ranged between 1.56 till 6.25 mg/mL. T. soudanense 

was the most susceptible.  

After 9 passages, none of the tested isolates demonstrated potential for the development of 

resistance to the ethanolic crude extract. The time-kill assay showed dose-dependent activity, 

with the reduction in the numbers of CFU after 24h of incubation, in all tested concentrations. 

The combination resulted in synergistic interaction in 100%, 50%, and 50% of the strains 

tested, with terbinafine, itraconazole, and griseofulvin, respectively.  

Thereby, besides providing proof of the use of this plant as a fungal therapy in ethnomedicine, 

this work reveals that this plant extract can constitute a promising antidermatophytic agent both 

individually or in combined therapy, allowing to overcome problems related to unavailability 

and resistance of conventional antifungals agents. 

 

*Contributed equally to the work. 
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Coxiella burnetii is a zoonotic bacterium implicated in a complex human disease called Q fever. 

This agent circulates in both domestic and sylvatic cycles that may somehow overlap, resulting 

in the infection of a wide range of animal species. Although domestic ruminants are regarded 

as the main source of human infection, feral animals and their ectoparasites, mostly ticks, can 

also contribute to the maintenance and spillover of C. burnetii. Recent data reinforces the 

agent´s long known association to ticks, supporting a co-evolution and a recent divergence 

from the branch of Coxiella-like endosymbionts found in these invertebrates. In any case, 

information regarding C. burnetii presence in wildlife and in their arthropod vectors, implicated 

variants and their role in public health is very limited. This work presents the results of C. 

burnetii screening on biological samples and/or ectoparasites collected from 1271 wild animals, 

belonging to 84 species and obtained during the last two decades. Screened animals included 

passerines, birds of prey, ungulates, rodents, carnivores, and other small-to-medium sized 

mammals. DNA manually or automatically extracted from biological samples and arthropods 

was tested by real-time and conventional PCR, targeting two distinct fragments of C. burnetii 

multicopy insertion element IS1111. C. burnetii PCR-positive samples were obtained from 29 

animals, including 13 birds (cloacal swabs), nine rodents (spleen and lung), five Egyptian 

mongoose (spleen), two rabbits (spleen, lung and liver). In addition, 21 ticks out of 523 

ectoparasites screened presented C. burnetii DNA. Positive samples were processed for 

multiple-locus variable-number tandem repeat analysis (MLVA) and/or multi-spacer sequence 

typing (MST) to compare these genotypes with those associated to human infection. Due to a 

low DNA burden, only five samples provided reliable genotypes. Nevertheless, results revealed 
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the presence of variants previously implicated in both acute and chronic Q fever in Portugal, 

as well as in other Mediterranean basin countries. In conclusion, this work shows that, despite 

the low infection rate found in wild animals, these hosts can contribute to the circulation of C. 

burnetii variants relevant in public health. 

 

Supported by the FCT (project PTDC/SAU-PAR/28947/2017, Strategic project MARE - UID/MAR/04292/2020, 

Transitory norm contract DL57/2016/CP1370/CT89 and project PTDC/SAU-SAP/115266/2009) 
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Shewanella spp. are ubiquitous bacteria, commonly used in biotechnology. Although this 

genus is usually isolated from non-human sources, it has recently been identified as an 

emerging opportunistic pathogen. Reported cases of Shewanella infections are increasing, 

mostly skin and soft tissue infections, but also bacteraemia. The misidentification of 

Shewanella species is common in routine clinical microbiology laboratories. Moreover, as an 

emergent pathogen, the virulence factors of pathogenic Shewanella are unknown. This work 

aims to confirm the identification of S. putrefaciens isolates responsible for an infection, by 

genomic analysis, and propose a new Shewanella species. 

To achieve this, the genome of S. putrefaciens DSM 9451 was sequenced, de novo assembled 

and annotated using the INNUCA pipeline and prokka. Phylogenetic and phenotypic 

characterization were performed to support a new species proposal. 

The analysis of the genome strongly suggests a misclassification of the isolate and the 

existence of a novel species. The genomic relatedness of other strains, such as S. putrefaciens 

NCTC 12093, S. putrefaciens SA70, Shewanella BC20 and Shewanella JAB- 1, argues that 

they could be also classified into this new species. The phenotypic characterization confirmed 

their similarities and the differences between the novel species and the S. putrefaciens type 

strain.  

Several S. putrefaciens causing human infections seem to represent a novel genomovar that 

can potentially be considered a novel species. These isolates carry several potential virulence 

factor encoding genes, possibly explaining their disease causing capacity. 
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identification of clinically relevant species 

  

Kelly de Almeida Afonso, Célia Soares and Nelson Lima  
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Gualtar, Braga, Portugal  

 

The identification of dermatophytes and other clinically relevant filamentous fungi has been 

essential for a rapid diagnosis and the preservation of authentic microorganisms in culture 

collections. The aim of this work was the development of a Standard Operating Procedure 

(SOP) for the polyphasic identification of clinically important species that might be deposited in 

Micoteca da Universidade do Minho (MUM) and can be used in different clinical settings. To 

achieve this goal 27 strains of dermatophytes belongs to the taxa Epidermophyton floccosum, 

Microsporum spp. and Trichophyton spp.  and 11 strains of Sporothrix genus belonging to 

different species were characterised using microscopy, biochemical tests and molecular 

biology. 

The microscopic analysis allowed distinguishing the genera of dermatophytes, since different 

genera have different macroaleuriospores and microaleuriospores. On macroscopic 

examination, it is verifiable that, in PDA medium, T. rubrum had a red-brown pigment (Sudman 

et al., 1965). On the other hand, T. violaceum suffered a growth inhibition in TA-1 medium 

(David Ellis et al., 2007). As for Sporothrix spp., it was not possible to distinguish the species 

through micro and macroscopic analyses. Through the Urease Production Test, it was possible 

to verify that T. tonsurans and T. mentagrophytes produced a high amount of the enzyme and 

T. violaceum and T. rubrum strains did not. In the case of Sporothrix spp., it was possible to 

verify that S. mexicana, S. pallida, S. schenckii and S. brasiliensis produced a high amount of 

urease and catalase. The strains S. inflata, S. fungorum, S. ghanensis and S. globosa neither 

produced urease or catalase. 

The present project allowed developing an effective and fast procedure in the identification of 

dermatophytes, however, phenotypic analysis is quite limiting in identifying strains (mainly from 

the Sporothrix spp. complex) and, therefore, the genotypic approach is essential for 

unambiguous identification.  

 

David Ellis, Davis, S., Alexiou, H., Handke, R., & Bartley, R. (2007). Descriptions of Medical Fungi (2 nd). 

the Authors. 
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Sudman, M. S., & Schmitt, J. A. (1965).  Differentiation of Trichophyton rubrum and Trichophyton 

mentagrophytes by Pigment Production . Applied Microbiology, 13(2), 290–290. doi: 10.1128/am.13.2.290-

290.1965 
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452. Development of new diagnostic tools for the detection of Toxoplasma gondii.  

 

Fernando Cardoso, Olga Matos 
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Medicine, Instituto de Higiene e Medicina Tropical, Universidade Nova de Lisboa, Lisbon, Portugal 

 

Toxoplasma gondii is an obligate intracellular protozoan parasite that infects a variety of 

mammals and birds and causes toxoplasmosis. Diagnosis of toxoplasmosis in humans is made 

by biological, serological, histological, and molecular methods or by some combination of 

these.  

Objectives: develop new assays for the diagnosis of toxoplasmosis. The tools we used to 

develop diagnostic assays were the production of monoclonal antibodies by traditional 

hybridoma technology, production of recombinant antibodies and peptides using phage 

display. Another tool used in the development of diagnostic assays was the production 

recombinant T. gondii proteins in Escherichia coli.  

Results: The monoclonal antibodies developed were used in ELISA, dot blot and 

immunohistochemistry (fig.1.) assays (1,2). The cloning and expression of recombinant 

proteins were also accomplished (3).  

Significance/impact of the work: These developed tools can be important to improve the 

diagnosis of toxoplasmosis. 

 

Fig. 1. Detection of T. gondii tachyzoite with recombinant antibody. a-visible 

light, b-immunofluorescence assay (in TAS-ELISA-FITC assay). 
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The prevalence of methicillin-resistant Staphylococcus aureus (MRSA) in hospitals in Portugal 

is worrisome and among the highest in Europe. Surprisingly, MRSA prevalence in the 

community was described as very low (<2%) based on studies that used classical culture-

based methods (CCBM).  

We investigated whether the apparent limited spread of MRSA in the community in Portugal 

might result from low sensitivity of CCBM. Nasopharyngeal and oropharyngeal paired samples 

obtained from senior adults living in nursing (n=299) or family homes (n=300) previously 

characterized by CCBM were re-analyzed. Samples were inoculated in a semi-selective 

enrichment medium and evaluated by qPCR targeting nuc, mecA and mecC genes 

(SSE+qPCR).  

By SSE+qPCR, 34 of the 1,198 (2.8%) samples were MRSA positive compared to 21 (1.8%) 

by CCBM. SSE+qPCR improved non-significantly detection of MRSA carriers from 5.4% to 

8.0% (p=0.12) in the nursing home collection, and from 0.3% to 1.7% (p=0.13) in the family 

home collection. MRSA isolates belonged to three HA-MRSA clones widely disseminated in 

Portuguese hospitals. 

In conclusion, although the use of semi-selective medium followed by qPCR improved 

detection of MRSA in community carriage samples, it did not change the overall scenario 

previously described. In Portugal, MRSA circulation in the community among senior adults is 

low. 
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Chlamydia trachomatis is an obligate intracellular bacterial pathogen causing ocular and 

urogenital infections in humans. It resides and multiplies intracellularly within a vacuole, termed 

inclusion. To manipulate host cells, C. trachomatis injects them with several effector proteins, 

including transmembrane proteins named Incs, which insert in the inclusion membrane.  

Multinucleation of host cells is commonly observed during C. trachomatis infection of tissue 

cultured cells that results from inhibition of the host cell cytokinesis. We found that cells infected 

by C. trachomatis lacking IncM showed lower levels of multinucleation than cells infected by the 

parental strain. The capacity of IncM to induce multinucleation in infected host cells is conserved 

in orthologues from different C. trachomatis serovars and Chlamydia species.  Further 

characterization of the C. trachomatis incM mutant strain revealed that IncM modulates the 

spatial localization of host cell centrosomes, and the shape, and possibly the stability, of the 

inclusion. We are currently analyzing other cell cycle related phenotypes to better understand 

the function of IncM, as well as looking for its potential host cell interacting partners.  

In summary, our results suggest that IncM could be controlling the microtubule network around 

the inclusion, thus indirectly interfering with the host cell cycle.  
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grant PTDC/IMI-MIC/1300/2014, and in the scope of the projects UIDP/04378/2020 and UIDB/04378/2020 of the 

Research Unit on Applied Molecular Biosciences – UCIBIO, and LA/P/0140/2020 of the Associate Laboratory 

Institute for Health and Bioeconomy - i4HB. MPL was supported by PhD fellowship SFRH/BD/144284/2019, also 

funded by FCT. 
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Streptococcus pneumoniae is responsible for high morbidity and mortality worldwide. Disease 

is incidental and is preceded by asymptomatic nasopharyngeal colonization in the form of 

biofilms. Intra-species interactions occurring between pneumococci remain poorly 

characterized. We aimed at developing a strategy to study those interactions. 

We developed a 72h biofilm model mimicking long-term colonization and applied it to study 

eight pneumococcal strains. Each strain was labeled with GFP and RFP, generating two 

fluorescent variants. Interactions were evaluated by comparing cell counts of each strain in 

single- and dual-strain biofilms (1:1 ratio), using flow cytometry. Confocal microscopy was used 

to image representative biofilms. 

Twenty-eight dual-strain combinations were tested in biofilm. Seven were excluded due to 

significant differences observed in similar assays with isogenic strains (RFP or GFP). Among 

the remaining 21, four types of interactions were identified: competition (n=4), amensalism 

(n=7), commensalism (n=3), and neutralism (n=7). Confocal imaging of biofilms confirmed the 

positive, negative and neutral effects that pneumococci can exert on each other. 

Results show that several types of interactions occur among pneumococci and that the type of 

interaction is independent of capsular and sequence type. These observations are a starting 

point to study the mechanisms underlying those interactions. 
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With an estimated abundance of 1030 particles in the marine environment, viruses represent a 

vast reservoir of unexplored genetic diversity [1]. Sessile marine animals such as corals are 

now known to engage in intimate relationships with diverse groups of microeukaryotes, 

prokaryotes and viruses [2]. However, research on coral-associated viruses is still in its infancy 

and the virome of octocorals (subclass Octocorallia) has received very little attention to date. 

In this study, we use comparative metagenomics to uncover the distinct features of the healthy 

octocoral virome by contrasting it with the viromes of diseased octocorals and seawater. 

Seventeen shotgun-sequenced, microbial metagenome samples from three octocoral species 

(healthy and necrotic Eunicella gazella tissue (N=6), healthy Eunicella verrucosa (N=4) and 

Leptogorgia sarmentosa (N=3)) and surrounding seawater (N=4) were analysed using the 

metagenomic viral detection pipeline from Paez-Espino et al. [3]. A total of 9,455 metagenomic 

viral contigs (mVCs) were identified whereby the number of contigs retrieved from seawater 

samples (8,782 mVCs) was much higher than the number of mVCs obtained from all octocoral 

samples (673 mVCs). Moreover, the number of mVCs was notably higher in necrotic tissue of 

E. gazella (404 mVCs) compared with healthy tissue (73 mVCs). The low number of viral 

contigs present in the microbial metagenomes of healthy tissue seems to correlate well with a 

significantly higher abundance of restriction endonucleases, CRISPR/Cas proteins, and phage 

lysogenization regulators present in these samples [4], suggesting that the octocoral 

microbiome possesses sophisticated antiviral defense strategies. Multivariate analysis of 

Clusters of Orthologous Groups of proteins (COGs) profiles of the mVCs revealed significant 

functional divergence between the viromes of seawater compared with those from coral 

samples (Figure 1). Annotation of secondary metabolite biosynthetic gene clusters using 

antiSMASH v. 6.0 [5] detected the presence of a homoserine-lactone encoding gene in the 

virome associated with necrotic E. gazella tissue, suggesting a role for bacteriophages in the 
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regulation of bacterial populations and spread of signalling molecules during the process of 

dysbiosis. We conclude that the virome of octocorals is highly distinct from that of surrounding 

seawater and undergoes structural changes in the transition to the dysbiotic state. Our ongoing 

work focuses on establishing a taxonomic classification of the here retrieved viral contigs and 

screening for CRISPR-Cas spacers, in order to predict phage-host associations within the 

octocoral microbiome. 

 

 

Figure 1. Multivariate analysis of the functional COG profiles of the viral communities of octocorals and seawater. Principal coordinates 

analysis (PCoA) was performed using the Bray-Curtis similarity matrix calculated from relative abundance data. Colouring represents sample 

origin: light blue – seawater (SW); red – necrotic E. gazella (EGN); pink – healthy E. gazella (EGH); green – healthy E. verrucosa (EVH); 

purple – healthy L. sarmentosa (LSH). Discrete grouping of seawater from octocoral viromes was statistically supported by a one-way 

PERMANOVA test with 9999 permutations.  
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Roseibium album (homotypic synonyms Stappia alba and Labrenzia alba) is a Gram-negative, 

marine alphaproteobacterium (order Hyphomicrobiales, family Stappiaceae), which has been 

frequently isolated from sessile, filter-feeding invertebrates such as sponges [1], corals [2] and 

oysters [3]. However, only few genomes of the species are available to date. The objective of 

this study was to illuminate the putative roles of R. album in association with marine animals 

using functional and comparative genomics. The genomes of thirteen R. album strains isolated 

from the octocoral Eunicella labiata (N=9) [2,4] and the marine sponge Spongia officinalis 

(N=1) [1] from the Atlantic coast of South Portugal, and oysters (N=3) from the Mediterranean 

coast of Spain were annotated using the Integrated Microbial Genomes and Microbiomes 

(IMG/M) pipeline v5.0.1 [5]. AntiSMASH v6.0 [6] was used to identify secondary metabolite 

biosynthetic gene clusters (SM-BGCs). Average Nucleotide Identity (ANI) values obtained for 

all pairwise combinations among the 13 strains were all above 98.3%, strongly supporting their 

same-species status. Analysis of the R. album pangenome revealed the presence of various 

Clusters of Orthologous Groups of proteins (COGs) important for the establishment of 

symbiotic relationships with marine invertebrate hosts. These included eukaryotic-like WD40, 

ankyrin and tetratricopeptide repeats, the latter distinguishing the strains isolated from 

octocorals and sponges from those isolated from oysters (Figure 1). COG functions related to 

drug and heavy metal (e.g., cadmium and tellurite) resistance were common to all 13 genomes. 

However, COGs specific for tellurite resistance were more abundant in coral- and sponge-

derived strains than in those from oysters. Indeed, multivariate analysis of full COG profiles 

showed separate clustering of oyster-associated strains from those associated with corals and 

sponges. The presence of polysaccharide deacetylases and exo-chitinases indicates that the 

species may utilize chitin as carbon, nitrogen, or energy source. R. album may further play a 

role in sulfur cycling e.g., through the catabolism of the sulfolipid cerebroside 3-sulfate and of 

the amino-sulfonic acid taurine, two compounds widely synthesized in animal tissue and 

utilized by bacterial symbionts. Moreover, the R. album pangenome possesses the potential to 
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produce diverse secondary metabolites as we found a variety of SM-BGCs encoding for 

terpenes, transAT- and Type-III polyketide synthases, non-ribosomal peptide synthetases and 

ribosomally synthesized peptides (Figure 1). In conclusion, the genomic blueprint of R. album 

does not only underpin symbiotic relationships with marine invertebrate hosts but also hints at 

a host-driven functional specialization of bacterial symbionts at the subspecies level. 
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Figure 1. Selected Clusters of Orthologous Groups of protein (COG) functions characteristic of the Roseibium album (Labrenzia alba) 

pangenome, as well as secondary metabolite biosynthetic gene clusters (SM-BGCs) present on the thirteen genomes. Values in each entry 

represent the number of coding sequences assigned to COG functions per genome (top panel) and the number of SM-BGCs encoding for 

major compound classes (polyketides, terpenes, etc) per genome (bottom panel). Entries in the “Pangenome” column are the sum of the 

values listed for each individual genome per COG ID or SM-BGC category. Genomes of the eight Eunicella labiata (EL) associated strains 

sequenced at the JGI are marked with an asterisk (*). 
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Chlamydia species are obligate intracellular bacteria that infect a wide range of animals. They 

share a characteristic infectious cycle and manipulate host cells by injecting them with effector 

proteins using a type III secretion (T3S) system. We recently identified the C. trachomatis 

effector CteG, which promotes chlamydial lytic exit from infected cells. Here, a reciprocal 

BLAST followed by a phylogenetic analysis identified putative CteG orthologs in other 

Chlamydia species. Twenty-one putative orthologs were found in thirteen species, because 

some species harbour more than one copy of the gene. The analysis indicates that these 

paralogs arose either by inter- or intraspecific duplication events, which is unique among 

chlamydial effector genes. Using Yersinia as heterologous host, among twelve CteG orthologs 

tested, fourteen were found to be T3S substrates. This suggests that they could also be 

delivered into host cells. To further analyze each putative type III secreted ortholog, we are 

constructing C. trachomatis strains lacking CteG and producing its orthologs. Preliminary data 

indicates that the orthologs of CteG in C. abortus and in C. caviae are also delivered into 

infected cells. The identification and characterization of orthologs of CteG will contribute to a 

better understanding of its biological role in chlamydial infections.  
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Background. While it is well established that Bacterial Vaginosis (BV), the most common 

cause of vaginal discharge, involves the presence of a multi-species biofilm adhered to vaginal 

epithelial cells, in-depth study has been limited due to the complexity of the bacterial community 

comprising the biofilm. Assessing bacterial interactions between bacterial species that inhabit 

the BV biofilm can provide key information regarding synergism or antagonism between these 

species and provide insights into the pathogenesis of BV. Thus, proper biofilm quantification 

approaches are essential to further this body of research. 

Objectives. To evaluate BV biofilm formation by several key individual BV-associated bacteria 

(Gardnerella vaginalis, Fannyhessea vaginae, and Prevotella bivia) and compare with a multi-

species biofilm formed simultaneously by all three bacterial species.  

Methods. Single- or multi-species biofilms were quantified by the crystal violet (CV) staining 

method, total cell counts by epifluorescence microscopy, and the plate counting technique 

(CFU); individual traits were assessed by bacterial species.  

Results. Each individual species had a unique signature assessed by the distinct relationship 

between the total number of cells, CFU’s, and total biofilm biomass.  

Conclusions & Significance: The assessment of multi-species BV biofilm quantification 

results in significant bias, mainly since individual species quantification signatures can’t be 

related to the multi-species consortia. To minimize this bias, a multiple-technical approach 

should be considered when quantifying multi-species BV biofilms, to circumvent the caveats of 

individual techniques alone, tailoring a more complete picture of the biofilm-forming capacity 

of key bacterial species and furthering the field of BV pathogenesis research. 

 

This work was partially supported by the Portuguese Foundation for Science and Technology (FCT) by the 

research project [PTDC/BIA-MIC/28271/2017] under the scope of COMPETE 2020 [POCI-01-0145-FEDER-

028271] and by the strategic funding of unit [UID/BIO/04469/2020]. It was also partially funded by the National 

Institute of Allergy and Infectious Diseases (R01AI146065-01A1). 

 

 



1.2 Microbiome in Health & Disease: microbial diversity and host-microbes interactions 

 

248 
 

93. Identification of Clostridioides difficile biofilm matrix proteins 

 

Mónica Louro1, Leonor Silveira2, Isabel Roseiro1, Adriano O. Henriques1, Mónica Oleastro2, 

Mónica Serrano1  

1Instituto de Tecnologia Química e Biológica António Xavier, Oeiras, Portugal  

2National Institutes of Health, Lisbon, Portugal  

 

Clostridioides difficile is the major causative agent of hospital-born infections associated with 

antibiotic therapy in adults. About 25% of C. difficile infections lead to disease recurrence, 

which imposes a massive economic burden on healthcare systems. This organism can persist 

in the intestine as biofilm or spores. In any case, antibiotic- and immune system resistant 

biofilms able to disperse in the form of highly resistant spores, appear as a serious threat. 

Here, we phenotypically and genotypically characterizing a panel of C. difficile clinical isolates. 

We show that strong biofilm-producing strains belong mainly to the livestock-associated 

ribotypes RT126 and the emergent virulent lineage RT078. From this panel, we selected a 

robust biofilm producer to identify the biofilm matrix proteins. Extraction of the matrix proteins 

and subsequent identification by mass spectrometry revealed that the matrix is largely 

composed of cytoplasmic proteins. We hypothesize that, like other pathogens, rather than 

having a dedicated set of matrix proteins, C. difficile uses cytoplasmic proteins that moonlight 

at the cell surface to form the extracellular matrix. These results serve as a foundation to 

uncovered key genetic and cellular determinants of biofilm development in C. difficile. 

 

This work was supported by the FCT (“Fundação para a Ciência e a Tecnologia") through award PTDC/BIA-

MIC/29293/2017. 
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Chlamydia trachomatis causes genital and ocular infections in humans. This obligate 

intracellular pathogen multiplies within a characteristic vacuole, known as inclusion, and utilizes 

a type III secretion system to delivery bacterial proteins, such as inclusion membrane proteins 

(Incs), into host cells. By performing a screen using Saccharomyces cerevisiae producing the 

predicted cytosolic domains of Incs, we identified two Incs causing vacuolar protein sorting 

defects and seven Incs showing tropism for eukaryotic organelles. In particular, IncL showed 

tropism for the endoplasmic reticulum and for lipid droplets (LDs), major organelles for the 

storage of neutral lipids and which have been shown to localize within the inclusion lumen 

during C. trachomatis infection. We hypothesize that IncL might have an important role in this 

process, as the overproduction of IncL by C. trachomatis slightly increases the area of LDs at 

the region of chlamydial inclusions. In addition, using mammalian cells transiently producing 

truncated versions of IncL, we found that the amino-terminal region targets the protein to LDs 

and the carboxy-terminal region mediates the interaction with the eukaryotic 

phosphoserine/threonine binding proteins 14-3-3s. We further demonstrated that these regions 

of IncL are exposed to the host cell cytosol, supporting their availability to interact with host cell 

factors and organelles.  Altogether, our data suggest that IncL might facilitate the acquisition 

of LDs to be used as a source of lipids and proteins for the bacteria.  

 

Funding Information: This work was supported by Fundação para a Ciência e Tecnologia (FCT) through 

grants PTDC/BIA-MIC/28503/2017 and PTDC/IMI-MIC/1300/2014, and in the scope of the projects 

UIDP/04378/2020 and UIDB/04378/2020 of the Research Unit on Applied Molecular Biosciences – UCIBIO, and 

LA/P/0140/2020 of the Associate Laboratory Institute for Health and Bioeconomy - i4HB. JNB and SVP were 

supported by PhD fellowships PD/BD/128214/2016 and PD/BD/52210/2013, respectively, within the scope of the 

PhD program Molecular Biosciences (PD/00133/2012) funded by FCT. ISP and MPL were supported by PhD 

fellowships SFRH/BD/129756/2017 and SFRH/BD/144284/2019, also funded by FCT. 
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albicans and Candida glabrata 
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The success of Candida glabrata and C. albicans as human commensals/pathogens depends 

on their ability to cope with the bacterial microflora that has been found to restrain their 

pathogenic potential. In this work the inhibitory role of Lactobacillus gasseri and L. reuteri, 

highly abundant species of the vaginal and intestinal microbiomes, over C. albicans and C. 

glabrata was investigated coupling physiological studies with genome-wide scale analyses. 

The results obtained revealed that while in co-culture L. gasseri and L. reuteri reduced growth 

rate and cell viability of the two Candida species, however, this could not be attributed to a 

potential toxic effect exerted by the lactic acid produced by the bacteria. The presence of L. 

gasseri and L. reuteri also attenuated virulence traits of Candida cells against epithelial cells 

and also against the wax Galleria mellonella. The link between these phenotypic traits and the 

remodeling of the genomic expression of the Candida and lactobacilli species, including the 

identification of the molecular players governing the interaction, is discussed based on RNA-

seq results performed in the co-culture settings. 
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Staphylococcus epidermidis is a common colonizer of the human skin and mucous 

membranes. However, it constitutes also a major health problem because of its ability to form 

biofilms on medical devices (e.g., catheters), leading to infections difficult to control1. In the 

post-implantation phase of the medical devices, one of the main defenses of the host against 

invading pathogens is the production of nitric oxide (NO). The reactive nitrogen species (RNS), 

derived from NO, are released by major phagocytes of the innate immunity, such as 

macrophages, and are key molecules for host defense against pathogens2,3. To survive the 

deleterious effects of RNS, bacteria have several strategies2,3, that in the case of S. epidermidis 

remain to be elucidated. Therefore, in this work, we exposed several S. epidermidis strains to 

nitrosative stress, during biofilm-forming conditions, and we have analyzed the formation of 

biofilms. We determined total biomass, viability and individual exopolymers amounts of the S. 

epidermidis biofilms exposed to nitrosative stress. Additionally, we have been using 1H-NMR 

to elucidate the metabolic behavior of these strains in the presence of NO. We show that 

resistance to NO of the S. epidermidis biofilms depends on the metabolic state of the cells. The 

results will be presented and discussed.  

 

1. Otto, M. Staphylococcal Biofilms. Microbiol. Spectr. 6, 1–17 (2018). 

2. Carvalho, S. M., de Jong, A., Kloosterman, T. G., Kuipers, O. P. & Saraiva, L. M. The 

Staphylococcus aureus α-Acetolactate Synthase ALS Confers Resistance to Nitrosative Stress. Front. 

Microbiol. 8, 1273 (2017). 

3. Gonçalves, V. L., Nobre, L. S., Vicente, J. B., Teixeira, M. & Saraiva, L. M. Flavohemoglobin 

requires microaerophilic conditions for nitrosative protection of Staphylococcus aureus. FEBS Lett. 580, 

1817–1821 (2006). 
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Background. The polymicrobial biofilm present on the vaginal epithelium during bacterial 

vaginosis (BV) plays an important role in the progress of this infection. Several studies have 

demonstrated that the BV biofilm contains mainly Gardnerella spp. and in a minor part 

Fannyhessea vaginae. However, this biofilm is often populated by many other facultative or 

strict anaerobes, but very little is known about their role in vaginal colonization. Thus, a suitable 

ex vivo vaginal colonization model, to address the interactions between vaginal pathogens and 

the host, is crucial. 

Objectives. Due to the ethical and practical difficulties to study BV biofilms in vivo, most studies 

have been performed in vitro. Herein we aimed to determine the feasibility of using a 

commercially available 3D ex vivo human vaginal model (EPISKIN) to study BV-associated 

multi-species biofilm formation.  

Methods. Commercially obtained reconstituted human vaginal epithelium (RHVE) inserts were 

placed in 24-well plates and infected with either a G. vaginalis suspension or a suspension 

composed of six BV-associated species. RHVE was then analysed using PNA-FISH, qPCR 

and Periodic-Acid-Schiff and Hematoxylin and Eosin staining’s. As a control, this experiment 

was also conducted in 24 well-plates without the RHVE inserts. 

Results. Both G. vaginalis alone or the polymicrobial consortia bacteria were able to colonize 

the RHVE, leading to the formation of a biofilm, that had a distinct bacterial composition, in 

comparison with the no-RHVE control. Furthermore, the polymicrobial biofilm formed had 

significantly higher biomass than G. vaginalis mono-species biofilm. 

Conclusions & Significance: To our knowledge, to date, this study was the first to assess the 

bacterial colonization of BV-associated species in an ex vivo 3D vaginal epithelium model. Our 

findings strengthen the idea that when co-incubated the vaginal pathogens, they interact, 

leading to the formation of a dense biofilm, which might be associated with BV failure treatment. 

 

This work was supported by the Portuguese Foundation for Science and Technology (FCT) by the research 

project [PTDC/BIA-MIC/28271/2017] under the scope of COMPETE 2020 [POCI-01-0145-FEDER-028271] and 

by the strategic funding of unit [UID/BIO/04469/2020]. 
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Background: The development of viable but non-culturable (VBNC) cells within biofilms is a 

major clinical concern, as it contributes to the recurrence of biofilm-related infections. CodY, a 

global transcriptional regulator of metabolism and virulence genes, was previously found 

upregulated in Staphylococcus epidermidis 9142 biofilms with higher proportions of VBNC 

cells, suggesting a potential role in the mediation of the VBNC state.  

Objective: Due to strain-to-strain variability, we aimed to assess the expression of the gene 

codY in other S. epidermidis strains, including the strain 1457, which is amenable to 

mutagenesis. Additionally, to further study the function of CodY in the development of VBNC 

cells, a codY deletion mutant was constructed in the1457 background. 

Results: Under VBNC-inducing conditions, codY expression was significantly increased in all 

strains tested (2.5- to 4.4-fold). Furthermore, the deletion of codY gene in the strain 1457 

resulted in a reduced growth rate and, more importantly, in a reduced biofilm biomass 

production when compared with the wild type (35% of reduction).  

Conclusion and significance: Our findings suggest an important role of codY gene in S. 

epidermidis virulence, as biofilm formation, one of the most important virulence factors of this 

bacterium, was affected by codY deletion. Moreover, to date, this is the first study assessing 

the role of codY gene in S. epidermidis. 

 

This study was supported by the Portuguese Foundation for Science and Technology (FCT) by the funded project 

PTDC/BIA-MOL/29553/2017, under the scope of COMPETE2020 (POCI-01-0145-FEDER-029553) and by the 

strategic funding of unit (UIDB/04469/2020). 
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Background: Toxin-antitoxin (TA) systems are known to work as a “poison-antidote” system, 

where the action of the antitoxin neutralizes the effect of the toxin counterpart. mazEF has 

been identified as a TA system in several species and is associated with the bacterial stress 

response. A previous study showed that the formation of viable but non-culturable (VBNC) cells 

in S. epidermidis biofilms might be linked to the gene cluster mazEF, raising interest in the 

study of the function of mazEF operon in this species.  

Objectives: Since mazEF function as a TA system in S. epidermidis has been attributed based 

uniquely on protein homology with other species, herein we aimed to confirm whether the 

mazEF operon plays a role as a TA system by constructing a mutant in S. epidermidis 1457 

background. Additionally, the effect of mazEF deletion on some virulence factors of this 

bacteria was also assessed.   

Results: Interestingly, our results showed that mazEF did not act as a TA system, apparently 

playing a distinct role in S. epidermidis, as no toxic effect was verified upon expression of 

mazF, the putative toxin, in mazEF-mutant cells. Moreover, it seems that the mazEF operon 

has a minor impact on the antimicrobial tolerance of this strain, although we observed a link 

between mazEF deletion and expression of other known virulence genes.  

Conclusions and significance: Although an indirect role in virulent gene modulation was 

found, our data suggest that mazEF is not a TA system and we failed to observe a direct role 

on virulence. 

 

This study was supported by the Portuguese Foundation for Science and Technology (FCT) by the funded project 

PTDC/BIA-MOL/29553/2017, under the scope of COMPETE2020 (POCI-01-0145-FEDER-029553) and by the 

strategic funding of unit UIDB/04469/2020. VG acknowledges an FCT fellowship (SFRH/BD/141572/2017). 
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Chlamydia trachomatis is a human pathogen responsible for genital and ocular infections in 

humans. During its obligate intracellular developmental cycle, C. trachomatis resides inside a 

vacuole termed inclusion and uses a type III secretion system to deliver effector proteins into 

the host cell. In a previous study, we identified the C. trachomatis effector CteG and showed it 

localizes at the host cell Golgi complex and plasma membrane in infected cells and when it 

was ectopically expressed in mammalian cells. Moreover, the first 100 amino acid residues 

were shown to correspond to a Golgi-targeting motif of ectopically expressed CteG. In this 

work, we aimed to identify the precise determinants of the subcellular localization of ectopically 

expressed CteG. Substitution of specific residues at a putative alpha helix on the first 20 

residues of CteG had a dramatic effect on the localization of its first 100 residues at the Golgi. 

The same substitutions had a less evident, but still noticeable effect in the localization of full-

length CteG at the Golgi and plasma membrane. The effect of these specific residue 

substitutions on the localization and function of CteG during infection is currently being 

analyzed.  

 

Funding Information: This work was supported by Fundação para a Ciência e Tecnologia (FCT) through grant PTDC/BIA-

MIC/28503/2017, and in the scope of the projects UIDP/04378/2020 and UIDB/04378/2020 of the Research Unit on Applied 

Molecular Biosciences – UCIBIO, and LA/P/0140/2020 of the Associate Laboratory Institute for Health and Bioeconomy - 

i4HB. ISP was supported by PhD fellowship SFRH/BD/129756/2017, also funded by FCT.  
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Chlamydia trachomatis causes ocular and genital infections in humans. The completion of its 

obligate intracellular infectious cycle relies on the manipulation of host cells by injection of 

chlamydial type III secretion effector proteins.  We previously showed that the C. trachomatis 

CteG effector localizes at the host cell plasma membrane at late stages of infection. Here, 

using C. trachomatis strains producing (CteG+) or lacking CteG (CteG-), we show that, from 48 

h post-infection, mammalian cells infected by CteG+ strains contain more infectious chlamydiae 

in the culture supernatant than cells infected by the CteG- strain. Furthermore, we detected a 

CteG-dependent effect on host cell cytotoxicity, indicating that CteG mediates chlamydial lytic 

exit. Previous studies showed that Pgp4, a transcriptional regulator encoded in the C. 

trachomatis virulence plasmid, also mediates chlamydial lytic exit. By using C. trachomatis 

CteG+ or CteG- strains with or without Pgp4, we confirmed that CteG is not regulated by Pgp4. 

However, our results suggest a single cascade of events, in which both Pgp4 and CteG 

participate, leading to lysis of infected cells and release of the chlamydiae. Overall, these 

results indicate that CteG contributes to a crucial event in the infectious cycle of C. trachomatis.  

 

Funding Information: This work was supported by Fundação para a Ciência e Tecnologia (FCT) through 

grant PTDC/BIA-MIC/28503/2017, and in the scope of the projects UIDP/04378/2020 and UIDB/04378/2020 of 

the Research Unit on Applied Molecular Biosciences – UCIBIO, and LA/P/0140/2020 of the Associate Laboratory 

Institute for Health and Bioeconomy - i4HB. ISP were supported by PhD fellowships SFRH/BD/129756/2017 and 

PD/BD/52210/2013, respectively, also funded by FCT. SVP PhD fellowship was within the scope of the PhD 

program Molecular Biosciences (PD/00133/2012), funded by FCT. 

 

 

 

  



1.2 Microbiome in Health & Disease: microbial diversity and host-microbes interactions 

 

257 
 

180. Evaluation of mannans from Saccharomyces cerevisiae as potential human 

microbiota modulators 

 

Margarida Faustino1, Nelson Carvalho1, Joana Durão1,2, Manuela E. Pintado1, Raquel 

Madureira1 and Ana P. Carvalho1 

1Universidade Católica Portuguesa – Escola Superior de Biotecnologia/Centro de Biotecnologia e Química 

Fina, CBQF, Laboratório Associado, 4169-005, Porto, Portugal; 2Amyris Bio Products Portugal Unipessoal 

Lda, Portugal 

 

Mannans are polysaccharides mainly composed of mannose1, which can be found in diverse 

sources (vegetables, microorganisms, and seeds), namely in the cell wall of Saccharomyces 

cerevisiae; their extraction and valorization targeting the development of functional compounds 

to incorporate in innovative products is an excellent circularity of the industry 2. 

In this work we studied the potential of mannans extracted from S. cerevisiae to be fermented 

by human microbiota. To that end, mannans at various concentrations were placed in faecal 

inocula and fermented for 48 h; aliquots were collected at 0, 6, 24 and 48 h for pH and organic 

acids analysis, whereas total viable counts for various target groups were evaluated at the 

beginning and end of the assay.  

The results obtained showed that mannans extract is fermented, regulates the intestinal flora 

and reduces Enterobacteria, thus potentiating its commercial application.  

 

References 
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Bacteria can proliferate as free-cells or as sessile communities such as biofilms. The formation 

of biofilms, including attached and mobile biofilms, the later also known as planktonic cellular 

aggregates, is of relevance in natural environments, but also during interaction with host cells 

resulting in pathogenicity. In patients with cystic fibrosis (CF), bacteria of the Burkholderia 

cepacia complex (Bcc) often establish chronic lung infections where bacteria are found as 

small multicellular aggregates within the extracellular matrix or inside host cells. These 

aggregates are thought to better withstand the harsh conditions of the CF lungs such as 

antimicrobials and the immune system. Therefore, it is crucial to understand the bacterial 

genetic adaptation, namely the molecular mechanisms involved in the formation of multicellular 

aggregates in Bcc. With that in mind, a transposon mutant library was created in a clinical 

isolate of Burkholderia multivorans known to form large multicellular aggregates. More than 

two-thousand mutants were screened of which 31 were selected due to their markedly different 

aggregation phenotype. Sequencing of the mutants´ genome identified the disrupted genes as 

being implicated in different cellular processes such as translation, transcriptional regulation, 

central metabolism, signaling, among others. The mutant presenting the lowest aggregation 

ability had the rpsI gene disrupted. This gene encodes the ribosomal protein S9 involved in the 

30S subunit assembly reaction and, consequently, in the association of 30S and 50S subunits 

of ribosomes. To confirm the role of this gene in multicellular aggregates formation, a deletion 

mutant (rpsI) was constructed. Besides lack of aggregation ability, cell morphology of rpsI, 

analyzed by transmission electron microscopy, showed a more elongated form comparing with 

wild-type strain, especially in stationary phase cells. Despite presenting a lower doubling time 

at different temperatures, rpsI can reach the optical density of the wild-type strain after 24 

hours of growth. Another altered phenotype was motility, with rpsI showing lower motility 

when compared with wild-type strain. Although the exact role of protein RpsI in the context of 

cellular aggregates formation is unknown, we hypothesize that in its absence some proteins 

might not be synthesized because of uncorrected association of ribosome’s subunits. 
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Together, our results indicate that the transition between free-cells and multicellular aggregates 

is a very complex process with many different routes and unsuspected key players that need 

to be further characterized. 
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Spent yeast (Saccharomyces cerevisiae) is one of the main brewing by-products obtained from 

fermentation processes1, being its recovery for production of functional ingredients an 

important step in the increasingly demand to promote a circular economy-based industry. 

Yeast extracts have been commercialized as food supplement for years due to its high protein 

content (about 45%-60%), low cost and safety2. Meanwhile, several studies have reported 

biological properties of yeast bioactive peptides, mainly in terms of antihypertensive, 

antioxidant and antimicrobial effects, although other reported bioactivities are also described. 

In this study, we evaluated the effect of spent yeast peptide-rich extracts in human microbiota 

fermentation, to ascertain their potential beneficial effects in the production of short chain fatty 

acids (SCFA). Results revealed that the pattern of SCFA production followed a trend, reported 

as providing health benefits for regulation of intestinal flora, thus suggesting the potential 

prebiotic capacity of peptide-rich extracts from spent yeast. 

 

 

References 

1. Rakowska, R., Sadowska, A., Dybkowska, E. & Świderski, F. Spent yeast as natural source of 

functional food additives. Rocz. Panstw. Zakl. Hig. 68, 115–121 (2017). 

2. Amorim, M. et al. Nutritional ingredients from spent brewer’s yeast obtained by hydrolysis and 

selective membrane filtration integrated in a pilot process. J. Food Eng. 185, 42–47 (2016). 

 

 

 

  



1.2 Microbiome in Health & Disease: microbial diversity and host-microbes interactions 

 

261 
 

197. Oral poliomyelitis revaccination is associated with changes in gut and upper 

respiratory microbiomes of infants 

 

Márcia Melo Medeiros1, Anna Cäcilia Ingham2, Line Møller Pedersen3,4, Claudino Correia3, 

Marc Stegger2, Paal Skyt Andersen2, Ane Baerent Fisker3,4, Christine Stabell Benn3,4,5, 

Miguel Lanaspa1, Henrique Silveira1* and Patrícia Abrantes1* 

1Global Health and Tropical Medicine, IHMT-NOVA, Lisbon, Portugal; 2 Department of Bacteria, Parasites and 

Fungi, Statens Serum Institut, Copenhagen, Denmark; 3Bandim Health Project, Bissau, Guinea-Bissau; 

4Bandim Health project, OPEN, Department of Clinical Research, University of Southern Denmark, Odense, 

Denmark.; 5Danish Institute for Advanced Study, University of Southern Denmark, Odense, Denmark. 

*These authors contributed equally to this work 

 

 

Oral poliomyelitis vaccine (OPV) is planned to be removed from routine immunization soon, as 

part of the globally efforts to eradicate polio disease. However, OPV is thought to have extra 

effects besides and above on target disease, the non-specific effects (NSEs), ultimately 

impacting on child mortality. While conclusive results on OPV-NSEs are not yet available, we 

hypothesize that they may be driven by changes in gut and upper respiratory microbiomes. 

Faecal and nasopharyngeal biological contents of Guinean-Bissau infants before and 2 months 

after OPV revaccination versus no revaccination were examined through deep sequencing 

analyses of the 16S rRNA gene amplicons. No OPV effect on alpha-diversity was identified, 

i.e., on within-sample bacterial diversity and dominance. Nevertheless, OPV was associated 

with changes in beta-diversity of both microbiomes, presenting a lower proportion of potentially 

pathogenic genera after OPV revaccination, not observed in no OPV revaccinated infants. 

These results corroborate OPV-effectiveness against diarrhoea and respiratory symptoms and 

suggest a potential OPV contribution to the increase of diversity and development of a healthy 

microbiome. Further studies integrating bacterial species discrimination and more participants 

will help to elucidate the role of OPV microbiome associated changes in infant’s health. 

Funding: Project supported by Fundação para a Ciência e a Tecnologia to GHTM (UID/04413/2020). 
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204. Nanopore sequencing approaches to profile the gut microbiota of mice infants 

exposed to alcohol in utero 

 

Cristiano Pedroso-Roussado1, Lucas Bowler1, Fergus Guppy1, Nigel Brisset1, and Joao 

Inacio1 

1School of Applied Sciences, University of Brighton, United Kingdom 

 

Objectives 

The gut microbiome plays a vital role in host homeostasis and improved understanding of its 

biology is essential for a better comprehension of the etiology of a variety of disease states 

including foetal alcohol spectrum disorders (FASD). Diet can significantly alter the composition 

and function of the gut microbiome, and thus influence the development of disease. In this 

study we optimized and assessed the effectiveness of targeted and untargeted (metagenomic) 

nanopore sequencing approaches to profile the gut microbiota of infant mice exposed to 

ethanol in utero.  

 

Results 

DNA extracts from the gut content of 12 infant mice exposed to ethanol in utero were analysed 

using one untargeted and two targeted (full-length 16S rRNA gene and the longer 16S-ITS-

23S region of the ribosomal RNA operons) nanopore sequencing approaches. The targeting 

of the full-length 16S rRNA gene provided the most comprehensive analysis of the mouse gut 

microbiota, revealing the highest number of microbial taxa and diversity of the three 

approaches used. This was followed by metagenomic analysis, and then by the analysis of the 

16S-ITS-23S region (α-diversity: 1.96 vs. 1.64 vs. 1.19; Shannon index, p-value < 0.001). The 

differences in diversity between approaches are accounted by the sequencing target (p-value 

< 0.001). As a strikingly example, the firmicutes were almost absent from the data derived 

using the metagenomic approach, whereas in both targeted approaches, members of this 

bacterial phylum predominated in most mice samples. Faecalibaculum rodentium (Firmicutes) 

and Duncaniella sp. (Bacteroidetes) were the two most prevalent taxa detected using targeted 

sequencing approaches, while bacterial taxa were more evenly represented when using the 

untargeted metagenomic approach. Fungal taxa were not detected using the metagenomic 

approach. 

 

Conclusions 
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Full-length 16S rRNA gene nanopore sequencing provides the most discriminatory analysis of 

mice faecal samples in terms of bacterial microbiota composition. However, using nanopore 

sequencing approaches targeting the full metagenome or different taxonomically-informative 

DNA region appears to introduce significant target-related biases in the resulting microbiota 

composition. 

 

Significance/Impact of the work 

Knowledge about the interactions between gut microbes and the developing nervous system 

is still scarce. Nanopore sequencing approaches were optimized, which will next be used to 

assess the potential disruption of the mice gut microbiota after exposure to alcohol in utero 

and, ultimately, contribute to advance our knowledge on foetal alcohol spectrum disorders. 

 

Funding 

This work was supported by the DTA3/COFUND PhD Fellowship Programme (funding from the European Union’s 

Horizon 2020 research and innovation programme under the Marie Skłodowska-Curie grant agreement No. 

801604). 
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infection – a multiomics approach 

 

Luís G Gonçalves1; Susana Santos1; Laidson P Gomes1; Maria Miragaia1; Jean 

Armengaud2; Ana V Coelho1  

1Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa, Oeiras, Portugal 

2Département Médicaments et Technologies pour la Santé, Université Paris-Saclay, Bagnols-sur-Cèze, 

France  

 

Introduction: Staphylococcus epidermidis (SE) is a Gram-positive commensal bacterium 

found in human skin. It is considered an opportunistic pathogen associated with nosocomial 

infections. During the development of infection , SE has to  adapt from skin to blood 

environmental conditions, a transition that involvespH changes. Phylogenetic analysis of SE 

genomes showed that isolates belong to two clusters, one containing both carriage and 

infection isolates (Clonal Complex 2, CC2), and the other composed mainly of colonizing 

isolates (non-CC2). The 19N strain belongs to the non-CC2 cluster. 

Objective: Understand the impact on 19N strain metabolism and biological processes of pH 

changes associated with the use of medical devices that disrupted the skin barrier and provided 

access of bacteria to the blood veins. Proteomics by nanoscale liquid chromatography-tandem 

mass spectrometry (nano LC-MS/MS) and NMRbased metabolomics of 19N cells grown at 

skin pH (5.5) and at blood pH (7.4) were the selected experimental approaches. 

Results: Proteomic results showed that pathways related with energy production like 

glycolysis/gluconeogenesis, TCA cycle, butanoate metabolism, as well as transport systems 

or proteins related to bacterial virulence are differentiated among the studied conditions. Forty-

five metabolites were quantified by NMR, being choline, sn-glycero-3-phosphocholine, 

cystathionine, asparagine, aspartate, lactate and tyrosine the most discriminatory among 

experimental conditions. Joint proteomic and metabolomic pathway analysis revealed that the 

more relevant and impacting pathways were glycerophospholipid metabolism, glycine, serine 

and threonine metabolism, nitrogen metabolism, β-alanine metabolism, arginine and proline 

metabolism. 

Conclusion: This study indicated that SE 19N adaptation to blood pH rely on the increase of 

glycolysis/gluconeogenesis, TCA cycle, pyruvate metabolism and purine synthesis, while the 

glycerolipid and glycerophospholipid metabolism and betaine biosynthesis are decreased. 

Impact: This omics integrated study leads to a comprehensive picture of the metabolic re-route 

that non-CC2 SE strains suffer when adapting to blood pH during infection. These findings will 



1.2 Microbiome in Health & Disease: microbial diversity and host-microbes interactions 

 

265 
 

contribute to the understanding of SE commensalism. Their comparison with the processes 

identified for CC2 strains pH adaptation will foster knowledge on pathogenic mechanisms and 

may lead to the identification of drug targets specifically directed to modulate virulence.  
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Staphylococcus epidermidis strain at blood pH 
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Gonçalves1; Ana V Coelho1 

1Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa, Oeiras, Portugal 

 

Introduction: Besides its commensal role, the skin bacterium, Staphylococcus epidermidis 

(SE) can be an opportunistic pathogen, mainly causing hospital infections associated with 

medical devices. These practices can provide the access of SE to blood, the first step of an 

infection process, which requires the adaptation of bacteria to new conditions, in particular, to 

an increase in pH. ICE25 SE strain was isolated from a patient respiratory secretion and 

belongs to the CC2 genetic cluster, an epidemiologic group composed mainly by strains that 

are able to cause infection. 

Objective: Firstly, understand the main metabolic features associated with ICE25 behaviour 

under pH environmental changes, mimicking the transition from the skin (pH 5.5) to blood (pH 

7.4). Secondly, compare ICE25 metabolic adjustment with that of a non-CC2 strain upon the 

same pH stimulus. A metabolomic 1H-NMR approach was conducted on both strains grown at 

pH 5.5 and pH 7.4. 

Results: By multivariate statistical analysis, using the 45 metabolites determined by NMR, it 

was possible to discriminate the ICE25 grown in the different experimental conditions. 

Metabolites with higher importance for the discrimination in the PLS-DA validated model were 

amino acids, nucleoside derivatives, choline, betaine, lactate and NADP+. Comparison with the 

non-CC2 strain, indicates that the adaptation of the CC2 strain to blood pH leads to a higher 

nucleotide metabolism activity. 

Conclusion: As it occurs in the first step of host infection, CC2 SE strain upon pH stress alters 

its metabolism by mainly adjusting the glycerophospholipid, amino acids and 

nucleoside/nucleotide metabolism. Nucleoside related pathways appear to be less important 

in the response of non-CC2 strain subjected to the same stress. 

Impact: This comparative analysis between commensal and pathogenic SE metabolic 

adaptations reveals potential targets for selecting specific antimicrobials against the more 

pathogenic strains. 

 

Funding: ONEIDA project (LISBOA-01-0145-FEDER-016417) co-funded by FEEI from "Programa Operacional 

Regional Lisboa 2020" and by national funds from FCT. Project LISBOA-01-0145-FEDER-007660 

(MOSTMICRO) funded by FEDER funds through COMPETE2020 - POCI and by FCT. Transnational Cooperation 
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Portugal/France – Pessoa Program/2019 "Identification of putative bacterial targets for the development of 

precision antimicrobials against pathogenic S. epidermidis – a strategy to prevent medical device associated 

infections", FCT/Campusfrance. The NMR data was acquired at CERMAX, ITQB-NOVA, Oeiras, Portugal, with 

equipment funded by FCT, project AAC 01/SAICT/2016. 
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sub-populations 
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1Universidade Católica Portuguesa, CBQF - Centro de Biotecnologia e Química Fina – Laboratório Associado, 

Escola Superior de Biotecnologia, Porto, Portugal 

2Department of Chemistry and CICECO-Aveiro Institute of Materials, University of Aveiro, Campus Universitário 

de Santiago, 3810-193 Aveiro, Portugal 

3EPIUnit - Instituto de Saúde Pública, Universidade do Porto, Rua das Taipas 135, 4050-600 Porto, Portugal 

 

Introduction: The current global trend to adopt more plant-based diets is expected to increase 

the intake of pulses in the near future, given their potential as eco-friendly nutrient-rich 

alternatives to animal-based protein food sources. Still, more comprehensive data, as well as 

higher quality food intervention trials, are needed to fully understand the health benefits of such 

dietary shift, namely at the gut microbiota level. In this context, the use of molecular biology 

research tools, such as quantitative Polymerase Chain Reaction (qPCR) could be useful to 

monitor the dietary modulation of gut bacterial sub-populations. 

Objectives: To investigate the modulation of gut bacterial populations after an 8-week pulse-

based food intervention using qPCR optimized for 5 bacterial genera. 

Methods: Twenty-five non-vegetarian healthy young adults (18-45 years) were asked to 

replace a typical omnivorous lunch meal with a vegetarian pulse-based meal, 5 times per week, 

for 8 consecutive weeks. Stool samples were collected at weeks 0 (baseline) and 8, in a total 

of 50 samples, and total DNA was extracted using NZY Tissue gDNA isolation Kit (NZYTech, 

Lisbon, Portugal). A sequence region of the gene 16S rRNA specific for Akkermansia 

muciniphila, Roseburia spp., Bifidobacterium spp., Clostridium leptum subgroup, and 

Faecalibacterium prausnitzii, was quantified using qPCR. 

Results: Results revealed an evident interindividual variability after the 8-week pulse-based 

food intervention, apparently with no clear net tendency on the modulation of the analyzed gut 

bacterial sub-groups. 

Conclusion: An 8-week pulse-based food intervention caused different gut bacteria modulation 

profiles in each individual, masking any potential generalized effects of the diet. This highlights 

the need for personalized approaches concerning health and nutrition research fields. 

 

Funding/Acknowledgements: This work was supported by National Funds from FCT - Fundação para a Ciência 

e a Tecnologia through project UIDB/50016/2020 and by the project “Transition paths to sustainable legume-
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based systems in Europe” (TRUE) which has received funding from the European Union’s Horizon 2020 research 

and innovation program under grant agreement No. 727973. HF would like to acknowledge FCT for doctoral grant 

ref. SFRH/BDE/132240/2017. AMG acknowledges the CICECO-Aveiro Institute of Materials project, with 

references UIDB/50011/2020 & UIDP/50011/2020, financed by national funds through the FCT/MEC and when 

appropriate co-financed by FEDER under the PT2020 Partnership Agreement. The NMR spectrometer is part of 

the National NMR Network (PTNMR) and are partially supported by Infrastructure Project Nº 022161 (co-financed 

by FEDER through COMPETE 2020, POCI and PORL and FCT through PIDDAC). 
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infection 
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Sobral1,2 

1Associate Laboratory i4HB – Institute for Health and Bioeconomy, NOVA School of Science and Technology, 

NOVA University Lisbon, Caparica, Portugal; 2UCIBIO- Applied Biomolecular Sciences Unit, School of Science 

and Technology, NOVA University Lisbon, Caparica, Portugal 

* These authors contributed equally 

 

Staphylococcus aureus is a major human pathogen responsible for a wide range of clinical 

infections. Due to the emergence of methicillin-resistant S. aureus (MRSA) and its increased 

resistance to antibiotics, it is extremely important to understand the high success of infection 

of these strains in order to decrease its clinical threat.  

The interruption of murF in S. aureus is associated with abnormal incorporation of tripeptide in 

the cell wall, although its viability is barely affected. Transcriptomic analysis of the murF mutant 

showed the overexpression of a gene system consisting of two small ORFs of unknown 

function, scwdA-B, and a gene that encodes a transmembrane protein, ScwdC, that may act 

as the ScwdA-B transporter. Previous results showed that the overexpression of these proteins 

in the MRSA COL strain is harmful to bacteria, but when overexpressed in a conditional mutant 

with damaged cell wall they have a positive impact on growth, suggesting a role in bacterial 

fitness when the wall is compromised. NMR studies and in silico analysis showed that ScwdA-

B are unstructured in solution and can bind to S. aureus membranes through a putative 

inducible and amphipathic alpha-helix.  

In this work, we aimed to functionally analyse the role of this system in the interaction with the 

host. This was achieved by determining the capacity of biofilm formation using mutants 

overexpressing both proteins with different expression levels, together and individually, and a 

deletion mutant of ScwdA-B. Results suggest that these proteins do not have an impact in 

biofilm formation. Furthermore, the role of these proteins in infection was analysed in the 

human macrophages infection assays. THP-1 macrophages were infected with the 

overexpression mutant of ScwdA-B (MOI = 5) and the percentage of internalized cells was 

measured at different timepoints. The mutant showed a 4.6-fold increased capacity of 

internalization inside macrophages, compared to the parental strain, suggesting a role for the 

ScwdA-B system in host interaction, that must be further explored.  
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286. The microbiome(s) of Senegalese sole fed with different diets 
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Safistela S.A, Portugal 

 

Microbiomes play a crucial role in animal health and well-being. Among multiple functions, 

microbial communities in fish can contribute to facilitate digestion or assist the host in fighting 

off pathogens. These properties can be important to increase the value and sustainability of 

commercial aquaculture species, such as the Senegalese sole (Solea senegalensis). The diet 

composition may influence the host microbiome structure and function. However, the 

taxonomic, functional, and tissue location properties of these changes are relatively unknown. 

The main goal of this study was to investigate the effects of different diets on the microbiome 

of S. senegalensis in different fish tissues. Juvenile soles were fed for 14 days with four 

different dietary treatments, including a commercial diet and three experimental diets (control, 

anti-stress and anti-oxidative). After 14 days, fish samples of mucus, skin, gills, and intestine 

were collected for DNA extraction. Metabarcoding was performed on the extracted DNA by 

Illumina MiSeq sequencing of the 16S rRNA gene. Amplicon sequence variants (ASV) were 

found and classified using the DADA2 package in R. A -diversity analysis of the microbial 

communities showed that both the type of fish tissue and the diet had a significant influence in 

the community structure. While between fish tissues, the differences were observed at the 

phylum level, the diets had significant effects at a finer taxonomic scale (e.g., genus). In the 

intestine, for instance, the abundance of the Epulopiscium genus increased with the 

experimental diets, when compared to the commercial diet. On the other hand, the abundance 

of the highly abundant Mycoplasma decreased. There were also a few genera that were 

exclusive to specific diets, such as the genus Pelagibaca, exclusive to the intestine of animals 

fed with anti-oxidative diet. Despite these dietary differences, a distinct core microbiome 

(genera present in at least 75% of the samples) was identified for each fish tissue. The gut 

microbiome was dominated by Mycoplasma, while Polaribacter and members of the 

Vibrionaceae family dominated the gills and skin. The results from this study showed that, 

despite major differences across tissues, diet composition can affect the taxonomic and 

functional profile of the Senegalese sole microbiome(s). Microbially-guided strategies to 

improve fish health and welfare in commercial aquaculture can thus use different diet 

compositions to improve their efficiencies. 
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Introduction: Tuberculosis (TB) is a transmissible disease listed as one of the 10 leading 

causes of death worldwide (10 million infected in 2019). A swift and precise diagnosis is 

essential to forestall its transmission, for which is crucial the discovery of effective diagnostic 

biomarkers.  

Objective: Discover of molecular biomarkers for the early diagnosis of tuberculosis 

Results: Two independent cohorts comprising 22 and 28 subjects were assayed by 

proteomics. While 44 subjects were included for metabolomic analysis. All subjects were 

arranged into 2 experimental groups – healthy (H) and patients (P). Proteomics workflow 

comprised the tryptic digestion of the depleted serum. LC-MS/MS protein and metabolite levels 

were submitted to multivariate, univariate and ROC analysis. An integrated ROC analysis was 

also performed for the 36 common individuals in the proteomic and metabolomic sets. From 

the 149 and 79 proteins identified in each set, four were found to be differentially abundant in 

both cohorts (p>0.05; FC>±1.5). The AUC, specificity and sensitivity determine by ROC 

statistical analysis for each proteomic set were 0.96; 86% and 100%; and 0.99; 100% and 

85%. PLS-DA models created with the metabolites quantified in both modes: 69 (positive 

mode) and 32 (negative mode) allowed the discrimination between H and P. AUCs determined 

by ROC analysis comprising 5 metabolites for each mode were above 0.99 with all samples 

being correctly assigned to the respective experimental group. The determined parameters for 

the integrated ROC analysis enrolling the 14 elected biomarkers (AUC=1, specificity=100% 

and sensitivity=100%) and has correctly assigned the 8 individuals used only for prediction.  

Conclusion: This multi-omics approach suggests 4 proteins and 10 metabolites as potential 

biomarkers for tuberculosis diagnosis. Two of the proteins are involved in antibacterial immune 

response. Validation of the proposed biomarkers require target analysis with a bigger cohort. 

Impact: Validated biomarkers are of potential use for the development of a point-of-care 

diagnosis clinical test. 
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Angra do Heroísmo, Azores, Portugal  

 

Human milk is the main source of microorganisms, including several species of lactobacilli, 

responsible for colonization of the infant's gastrointestinal tract. In this study, seven lactobacilli 

strains were isolated from human milk and characterized in terms of their health-promoting 

properties. Isolates were identified by 16S rDNA gene sequencing as Lactobacillus paracasei 

(BM1-BM6) and L. gasseri (BM7). They were evaluated in terms of sugar fermentation, 

enzymatic profile, antimicrobial activity and resistance to gastrointestinal conditions. The 

evaluation of health-promoting features included the production of exopolysaccharide (EPS), 

γ -aminobutyric acid (GABA), angiotensin converting enzyme (ACE) inhibitory peptides, β-

galactosidase activity, and ability to reduce cholesterol and hydrolyze bile salts. The isolates 

showed similar sugar and enzymatic profiles wit exception of L. gasseri (BM7). Although 

Lactobacilli showed poor resistance to acidic conditions at pH 2.5, they presented good 

resistance to bile salts and pancreatin. All isolates also exhibited antimicrobial activity against 

Listeria monocytogenes and were able to hydrolyse bile salts. Two isolates of L. paracasei 

(BM3 and BM5) produced EPS from lactose. High ability to reduce cholesterol was detected in 

L. paracasei (BM5 and BM6) and L. gasseri BM7. In addition, L. paracasei isolates (BM1-BM6) 

showed β-galactosidase activity (28–56 Miller units) and medium capacity to convert 

monosodium glutamate to GABA. Four isolates (L. paracasei BM1, BM2, BM5 and L. gasseri 

BM7) were also able to produce ACE-inhibitory peptides from milk. 

In conclusion, these Lactobacillus isolates exhibited several health-promoting characteristics 

that could be used as potential probiotics.  

 

Funding: This work was supported by Portuguese Foundation for Science and Technology (FCT), project 

UIDB/00153/2020. S. Ribeiro received support from Regional Science and Technology Fund (FRCT), grant 

M3.1.a/F/017/2018. 
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Introduction: Staphylococcus epidermidis (SE) include the skin microbiota and contribute to 

homeostasis and protection against pathogens. However, they are the most frequent cause of 

medical device-associated infections. Skin isolates belonging to clonal complex 2 (CC2) 

lineage are the major colonizers sharing their ecological niche with other minor genetic 

backgrounds (non-CC2). CC2 strains are the more frequent in infection. However, the reasons 

lying behind the enhanced pathogenicity of this lineage are unclear. 

Objective: Comprehensive determination of the molecular factors and processes associated 

to SE pathogenicity and commensalism. The genomes and proteomes of representatives from 

both CC2 and non-CC2 strains were compared. Their ability to resist to antibiotics and heavy 

metals was validated by phenotypic assays. 

Results: The comparison between the genomes of both SE strains showed the presence of 

73 and 55 specific genes, respectively for the CC2 and non-CC2 strains. A total of 739 proteins 

were quantified, of which 149 and 119 were accumulated in CC2 and non-CC2 strains, 

respectively. Central carbon metabolism follows different pathways in each strain allowing the 

support of diverse biological processes. As expected for SE in aerobic conditions and in the 

presence of an enriched medium, CC2-strain oxidizes pyruvate to acetate since TCA cycle 

activity is largely repressed. In contrast, the non-CC2 favors the citric cycle allowing a sustained 

increase of NADH. Also for the peptidoglycan biosynthesis relevant differences between the 

two strains were noticed. The level of glycyl-tRNA that adds glycine residues to the cross-

linking peptides, is highly incremented in CC2 relative to non-CC2 strain. This suggests 

differences in the structure of both peptidoglycans. CC2 strain holds a heavier artillery 

regarding virulence either in its encoded specific genes or as for the relatively accumulated 

proteins. As corroborated by phenotypic assays, CC2 showed a higher antibiotic resistance 

and non-CC2 a higher resistance do arsenic and an increased extracellular proteolytic activity. 
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Conclusions: Although both CC2 and non-CC2 strains are colonizers of human skin, they 

display totally different metabolic and phenotypic profiles in the same environmental conditions, 

suggesting that each type of strain plays a specific role in skin ecology. Overall, having the 

opportunity, CC2 strain appears to be better equipped to cause infection than non-CC2 strain.  

Impact: Understanding the differences in the metabolic and biological processes between the 

two types of commensal SE strains constitutes a major starting point for the design of specific 

antimicrobials toward the pathogenic strains. 

 

Funding: This work was funded by national funds through FCT– Fundação para a Ciência e a Tecnologia, I.P., 

Project MOSTMICRO-ITQB with refs UIDB/04612/2020 and UIDP/04612/2020 
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Objectives: To characterize and define the taxonomic position of two isolates, c17Ua112ANT 

and c31Ua26MT, recovered from voided urine of a female patient diagnosed with overactive 

bladder and from a healthy post-menopausal woman, respectively, which were preliminarily 

identified by MALDI-TOF MS as Gardnerella vaginalis.  

Results: Phylogenetic analysis based on Genome Blast Distance Phylogeny (GBDP) 

calculated from genome sequences revealed that the two strains, c17Ua112ANT and 

c31Ua26MT, belonged to the genus Gardnerella but were distinct from any previously known 

species, and were closer to genomospecies 3 and genomospecies 8, respectively (Figure 1). 

The average nucleotide identity and genome-to-genome distance calculator values between 

strains c17Ua112ANT, c31Ua26MT, and Gardnerella species’ type strains were lower than the 

recommended thresholds for species delineation (96 and 70%, respectively), except between 

strain c17Ua112ANT and strains previously identified as genomospecies 3, and strain 

c31Ua26MT and genomospecies 8. In both strains the genome size was 1.51 Mbp, with a G+C 

content of 42.5 and 43.3 mol% for c17Ua112ANT and c31Ua26MT, respectively. In silico 

prediction of pathogenic potential for humans revealed values of 67.8% for c31Ua26MT and 

56.5% for c17Ua112ANT. Genes encoding macrolide resistance [msr(D), mef(A), lsa(C)], and 

vaginolysin (vly) were detected in both strains, while the presence of sialidases genes was 

variable (nanH1-both strains, nanH3-c17Ua112ANT). One incomplete prophage region was 

detected in c17Ua112ANT. The SEED viewer (http://pubseed.theseed.org/) assigned about 27% 

of genes from the predicted ORFs by RAST annotation to a particular biochemical pathway or 

a subsystem, wherein protein metabolism and carbohydrates utilization pathways made up the 

two largest subsystems. Both isolates were negative for β-galactosidase activity. Cells are 

Gram negative to Gram-variable coccobacilli. Growth occurs on sheep blood agar at 37°C-

48/72h under anaerobic and microaerophilic conditions. Colonies of c31Ua26MT are pinpoint, 

very small, smooth, circular, light grey (almost transparent), and of c17Ua112ANT are pinpoint, 

small, circular, opaque white/greyish. Both strains present α-hemolysis. 

http://pubseed.theseed.org/
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Impact of the work: We characterize two novel species of the genus Gardnerella for which 

the name Gardnerella greenwoodii sp. nov. (c31Ua26MT; genomospecies 8) and Gardnerella 

pickettii sp. nov. (c17Ua112ANT; genomospecies 3) are proposed. These findings will increase 

the knowledge on the Gardnerella species diversity, and allow future studies to, elucidate the 

role of these two new species in the urogenital tract. 

 

Funding: This work is financed by national funds from FCT in the scope of the project UIDP/04378/2020 and 

UIDB/04378/2020 of the Research Unit on Applied Molecular Biosciences-UCIBIO and the 

project LA/P/0140/2020 of the Associate Laboratory Institute for Health and Bioeconomy-i4HB. MS, MK and FG 

were supported by FCT (SFRH/BD/05038/2020, SFRH/BD/132497/2017, DL57/2016/CP1346/CT0034, 

respectively) and SUP by NORTH-01-0145-FEDER-000024. 
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phagocytosis in in-vitro models of infection 
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1CICS-UBI: Health Sciences Research Center, University of Beira Interior, Covilhã, Portugal; 2FCS-UBI: Faculty 

of Health Sciences, University of Beira Interior, Covilhã, Portugal;3FMUMN: Faculty of Medicine, University 

Mandume Ya Ndemufayo, Angola; 4Labfit-HPRD: Health Products Research and Development Lda, Covilhã, 
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Chronic vulvovaginal candidosis (cVVC) is a condition affecting millions of women worldwide. 

It is characterized by recurrent infection of the vaginal mucosa, causing high morbidity and a 

high impact in affected women’s quality of life. cVVC is caused by the dimorphic yeast Candida 

spp. Previous studies have revealed that chronic Candida spp. isolates phenotypically express 

less virulent traits that clinical isolates involved in sporadic infections. In this study we aim to 

further explore this finding by studying the behaviour of these clinical isolates in in-vitro models 

of infection. Twenty-two clinical Candida isolates (comprising both Candida albicans and 

Candida glabrata) were collected from women suffering sporadic (nine isolates) or chronic 

infection (13 isolates). Adhesion to HeLa cells (human cervical cancer epithelial cell line) and 

resistance to phagocytosis by RAW cells (murine macrophages) was tested in-vitro. The 

hydrophobicity of cell walls was tested by the xylene assay. In addition, the production of 

proteinases was assessed using the egg yolk medium test. Finally, ability to survive at different 

pH was assessed by plating in culture media an aliquot of yeast cells exposed to pH 5, pH7 

and pH9 for 24h. 

 We found that yeast isolates involved in sporadic infection adhered in a higher 

proportion to HeLa cells. On the other hand, yeast isolated from chronic infection were more 

resistant to phagocytosis; and this phenotype was more homogeneously detected among 

these isolates. However, we found that the ability to evade phagocytosis was not related with 

phenotypic expression of virulence factors related with macrophage-induced killing: differences 

of the hydrophobicity of the cell wall, elevated production of proteases or resistance to pH 

variation. 

 We conclude that evasion of macrophage-mediated phagocytosis might be an important 

mechanism involved in the recurrence of vulvovaginal candidosis infection and that more 

studies are needed to understand the mechanisms lying behind this differential ability 
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372. Do all prebiotics have the same impact on my gut microbiota? A case study using 

an in vitro gastrointestinal model to assess functional oligosaccharides added to milk  
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Ana Raquel Madureira1 

1 CBQF − Centro de Biotecnologia e Química Fina – Laboratório Associado, Escola Superior de Biotecnologia, 

Universidade Católica Portuguesa, Rua Diogo Botelho, 1327, 4169–005 Porto, Portugal; 

2 Amyris Bio Products Portugal, Unipessoal Lda, Rua Diogo Botelho, 1327, 4169-005 Porto. 

 

The understanding of the human body, its metabolism and the mechanisms to maintain a 

healthy balance has been deeply investigated by the scientific community in the past years. 

Gut microbiota plays a key-role in maintaining a human health equilibrium, with a significant 

impact on the immune system. A significant number of studies have shown that gut microbiota 

can benefit physical and mentally, the human health throughout life. On the other hand, aging 

affects the gut microbiota composition and function. In addition, diet can also influence the 

microbiota community either positively or negatively. The aim of this work was to verify the 

impact of the prebiotics fructooligosaccharides (FOS), galactooligosaccharides (GOS) and 

mannooligosaccharides (MOS) on gut microbiota. Hence, skim milk (SKM) as a food matrix 

was added with at 0.1 and 1 % (w/v) of prebiotics and subjected to a gastrointestinal digestion, 

intestinal absorption and colonic fermentation, using an in vitro batch culture fermentation 

model Carvalho et al. (2021). The impact each ingredient on gut microbiota modulation and 

their fermentation metabolites (i.e., short chain fatty acids – SCFA) profile were evaluated. Gut 

microbiota specific groups growth was assessed by qPCR, whereas SCFA were quantified by 

HPLC. FOS (added at 1%) was the only condition which increased the production of lactate, 

acetate and propionate in regards to the baseline condition, SKM (p<0.05). FOS was also the 

only ingredient showing prebiotic potential, by promoting the growth of Lactobacillus, 

Bifidobacterium and Clostridium cluster IV. Overall, this study has shown that well 

acknowledge prebiotics may not have the same performance when incorporated in a complex 

food matrix. These findings can provide valuable data to the food industry, enabling the 

incorporation of functional ingredients in their products having proved previously their “real” 

potential benefits to the consumer’s well-being.  

 

Reference 

Carvalho, N. M. de, Oliveira, D. L., Saleh, M. A. D., Pintado, M., & Madureira, A. R. (2021). Preservation of 

Human Gut Microbiota Inoculums for In Vitro Fermentations Studies. Fermentation, 7(1), 14. 
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375. Identification of new players of lysozyme resistance in Staphylococcus aureus 
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*These two authors contributed equally. 

 

Peptidoglycan amidation of Staphylococcus aureus is taken by the MurT/GatD enzymatic 

complex, being necessary for the optimal expression of resistance to beta-lactam antibiotics 

and lysozyme, to which S. aureus is intrinsically resistant. This modification to the primary 

structure of peptidoglycan was shown to have a different impact on lysozyme resistance of 

several MRSA genetic backgrounds. However, these differences are not due to the structure 

of purified peptidoglycan, suggesting the existence of strain-specific factors that are essential 

for the murT-gatD-dependent lysozyme resistance mechanism (1,2). 

To study this mechanism, a Tn551 transposon mutant library was constructed in the genetic 

background of COLpCadmurT-gatD, a murT-gatD conditional mutant of S. aureus COL. 

Screening for murT-gatD-dependent alterations in the lysozyme resistance profile was 

performed, by challenging cells with this enzyme. The mutants that showed an altered profile, 

were assessed for Tn551 integration events by Southern Blotting, as well as for the inducible 

expression of the murT-gatD operon, by oxacillin resistance assays. The exact site of insertion 

of Tn551 was provided by whole genome sequencing (WGS).  

To date, 21 mutants were selected for WGS, two of which were already sequenced and allowed 

to identify a gene that encodes a protein of unknown function and a gene that encodes for a 

tRNA transferase. Knockout mutants will be constructed, and complementation studies will be 

performed to verify the role of the identified genes in the murT-gatD dependent phenotype of 

lysozyme resistance. Such genetic factors are promising targets for new strategies to sensitize 

S. aureus to lysozyme. 

 

(1) Figueiredo, T.A. et al. PLOS Pathog. 2012. 8(1): e1002508. 

(2) Figueiredo, T.A. et al. Microb Drug Resist. 2014. 20(3):238-49. 
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383. Peptidoglycan amidation impact on biofilm formation - role of eDNA and Atl- 
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S. aureus is one of the bacterial species that most frequently forms biofilms on medical devices, 

such as catheters or surgical implants. Bacteria rely on several characteristics of their cell 

envelope, such as charge, surface proteins and/or the composition of the extracellular matrix 

(ECM) for biofilm production. S. aureus biofilm can be polysaccharide-dependent or 

eDNA/protein-dependent and its formation is induced by sub-inhibitory concentrations of cell 

wall targeting antibiotics. We have previously shown that peptidoglycan amidation is essential 

for S. aureus viability and is involved in resistance to β-lactams and to lysozyme. Furthermore, 

the impact of the impairment of peptidoglycan amidation depends on the S. aureus genetic 

background. Since this modification was expected to result in a surface charge alteration, our 

aim was to explore the effect of amidation on the biofilm physiology of several genetic lineages 

of MRSA strains from clonal complexes CC1, CC5, CC8, CC22, CC30, CC59 and CC398. We 

analyzed the relative cell surface charge by cytochrome-C associated based method, biofilm 

formation and biofilm composition (inhibition and disruption with DNAse I, Dispersin B and 

ProteinaseK) for ten MRSA strains and their respective amidation mutants. Most strains, but 

not all, showed higher capacity to form biofilm (2-5 times higher) when the peptidoglycan was 

not amidated. Our results indicate that this strain-dependent behavior seems to rely on eDNA 

release and on the increase of the expression of Atl protein present in the biofilm.  

 

This work was financed by national funds from FCT - Fundação para a Ciência e a Tecnologia, I.P., in the scope 

of the project UIDP/04378/2020 and UIDB/04378/2020 of the Research Unit on Applied Molecular Biosciences - 

UCIBIO and the project LA/P/0140/2020 of the Associate Laboratory Institute for Health and Bioeconomy–i4HB. 

Projects LISBOA-01-0145-FEDER007660 (Microbiologia Molecular, Estrutural e Celular) and 

UID/Multi/04378/2019 funded by FEDER funds through COMPETE2020—Programa Operacional de 

Competitividade e Internacionalização (POCI). This work was also supported by FCT through grant PTDC/BIA-

MIC/31645/2017 (awarded to R.G.S.) and PTDC/CVT-CVT/29510/2017 (awarded to M.M.).  
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Staphylococcus aureus, a major human pathogen with a wide range of virulence factors, can 

trigger a variety of infectious diseases and is a global public health threat due to its capacity to 

acquire resistance mechanisms for virtually all antibiotic classes. The peptidoglycan of S. 

aureus is characterized by a high degree of crosslinking and almost complete lack of carboxyl 

groups. The negative α-carboxyl group of the D-iso-glutamate residue at the second position 

of the stem peptide is amidated into D-iso-glutamine, by the complex MurT-GatD. The 

essentiality of MurT-GatD for bacterial survival was already demonstrated and the lack of 

amidation correlated with a decrease in peptidoglycan cross-linking, β-lactam antibiotic and 

lysozyme resistance. To mitigate immune detection, bacteria use several strategies, namely 

alterations to the structure of peptidoglycan. The aim of this study was to determine the impact 

of MurT-GatD in a virulence context. Human macrophages (THP-1) were infected with two S. 

aureus strains with different genetic backgrounds, their respective amidation mutants, and a 

double murT-gatD and glnRA mutant that lacks completely amidated muropeptides. The 

internalization and the intracellular bacteria survival rates were analyzed. We observed that 

the lack of amidation leads to a consistent increase in macrophage internalization and to 

different impacts in intracellular survival, according to the genetic backgrounds.  

 

This work was financed by national funds from FCT - Fundação para a Ciência e a Tecnologia, I.P., in the scope 

of the project UIDP/04378/2020 and UIDB/04378/2020 of the Research Unit on Applied Molecular Biosciences - 

UCIBIO and the project LA/P/0140/2020 of the Associate Laboratory Institute for Health and Bioeconomy–i4HB. 

This work was also supported by FCT through grant PTDC/BIA-MIC/31645/2017 (awarded to R.G.S.). 
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427. The genetic basis of bacterial adaptation to a complex environment and its 

consequences on Caenorhabditis elegans ability to respond to environmental and life-

history changes. 
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Under the most simple expectations, adaptation of a microbial species to changing abiotic 

conditions should benefit other species that are affected positively by it, such as in the case of 

mutualisms or consumer/resource type interactions. This is particularly relevant given how 

bacteria can affect other organisms’ life-history parameters and their ability to adapt to stressful 

conditions. In this work, we focus on a consumer/resource experimental system with 

Escherichia coli and Caenorhabditis elegans to explain how adaptation of one species to a 

novel environment determines adaptation of the other species to the same novel abiotic 

environment. Twenty independent lines of E. coli OP50 strain were maintained for ~ 1000 

generations in solid NGM (nematode growth medium), at 20 ºC, which characterizes commonly 

used conditions for C. elegans growth. We describe the genetic basis of microbial adaptation 

to this complex environment and how this affects C. elegans (consumer) performance. Despite 

a great variety of genes targeted during adaptation we find evidences of parallel evolution 

associated with the master flagellar operon flhDC, which is nevertheless unrelated with motility. 

Furthermore, we also found that evolved E. coli populations can have marked effects on the 

nematode’s ability to grow. By comparing results with those from a replicated experiment under 

high salt concentration we test our original hypothesis that an improved microbial metabolism 

allows C. elegans to cope better with stressful environments. Surprisingly, our data indicates 

that adapted E. coli are in general more detrimental to C. elegans than their ancestors, which 

results from an underlying antagonistic interaction that can be put to evidence by an imposed 

delay in the nematode's developmental rate. 
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Objectives Small non-coding RNAs (ncRNAs) are key regulators of post-transcriptional gene 

expression in bacteria, affecting a variety of bacterial functions [1]. Despite the identification of 

hundreds of bacterial ncRNAs mainly due to high throughput techniques such as RNA 

sequencing (RNASeq) [2], their roles on bacteria physiology and virulence remain largely 

unknown. This is the case of the Burkholderia cepacia complex (Bcc), a group of opportunistic 

pathogens with a relatively large genome that are capable of causing lethal lung infections, 

particularly among cystic fibrosis (CF) patients. Despite recent developments on the 

identification of ncRNAs on Bcc bacteria, an approach using a host infection model is still 

missing [3]. The aim of the present work is to characterize ncRNAs expressed by Bcc bacteria 

when infecting a host.  Method The nematode Caenorhabditis elegans was used as an 

infection model, being infected with the epidemic CF strain B. cenocepacia J2315. The RNA 

extracted from infecting bacteria was sequenced by Cappable-seq and bioinformatics analyses 

were performed to identify putative ncRNAs. The predicted ncRNAs were validated by 3’ RACE 

and 5’ RACE, and their dependency of the RNA chaperones Hfq and ProQ was also assessed. 

Results & Conclusions From a total of 8696 transcription start sites, 98 ncRNAs with a 

predicted Rho independent terminator were identified, mainly located on chromosome 1. Some 

of those ncRNAs were previously identified [3], validating the methodology and the results 

obtained. Six ncRNAs were selected for further characterization based on their expression 

levels in virulence conditions, conservation among Bcc bacteria and predicted interaction with 

the Hfq and ProQ chaperones, which are required for B. cenocepacia full virulence in C. 

elegans infection model. The interaction of ProQ with three of the selected ncRNAs was 

confirmed by in vitro assays. The increase in the expression level of these ncRNAs with the 

overexpression of ProQ suggests a stability role for the chaperone. Significance Compared 

to other bacteria, riboregulatory ncRNAs and the specific pathways of their action are still poorly 

understood in Bcc bacteria, especially those that may play a role in Bcc virulence. The 

identification of ncRNAs impacting Bcc virulence and their specific targets is extremely 

important for the development of new therapies and diagnostic techniques to fight the serious 

pulmonary infections caused by these bacteria. 
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The beneficial effects of probiotics on the digestive system are well known, however, several 

probiotic benefits resulting from their topical application have recently been investigated. 

Improvements in different skin disorders such as atopic dermatitis, acne, eczema and psoriasis 

have been reported related to their topical use. One of the mechanisms through which such 

benefits are documented is by inhibiting colonization by skin pathogens. 

Invasion and adhesion studies have been carried out using keratinocytes showed that the 

pathogenic bacterium Escherichia coli is not able to invade skin keratinocytes, but adhered to 

them. Lactobacillus rhamnosus and Propioniferax innocua decreased the viable counting of 

pathogenic bacteria E. coli, Pseudomonas aeruginosa, and Staphylococcus aureus. L. 

rhamnosus inhibited S. aureus adhesion significantly when compared to the control (P < 0.01). 

On the other hand, the probiotic L. delbrueckii also revealed the best results for S. aureus, 

however, with no significant differences in relation to control (P > 0.05). Contrarily, P. innocua 

did not inhibit pathogenic bacteria adhesion, but when added simultaneously with S. aureus 

(competition assay) a significant adhesion reduction (1.12 ± 0.14 log10CFU/mL) was observed. 

Probiotic bacteria seem to adhere to the keratinocytes through carbohydrates, while S. aureus 

uses proteins to adhere to keratinocytes.   

L. rhamnosus showed promising results in pathogen inhibition both in vitro and ex-vivo 

experiments and can potentially be used as a co-adjuvant in the treatment of skin dysbiosis. 
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In May 2020, to better handle COVID-19 pandemic, a partnership was established in Oeiras 

involving the Municipality of Oeiras (CMO), the local primary healthcare centers (ACES-LOO), 

and the research institute ITQB NOVA. The aim was to screen civil servants for asymptomatic 

carriage of SARS-CoV-2, for early detection of positive cases preventing outbreaks and spread 

of COVID-19 amongst Oeiras citizens. 
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Civil servants were recruited by the CMO. Samples were collected by healthcare-workers from 

ACES-LOO and CMO. SARS-CoV-2 molecular diagnostic tests were carried out on a volunteer 

basis by researchers from ITQB NOVA.  

Within one month, laboratories were adapted, protocols were implemented and a team of 50 

volunteers from ITQB NOVA was trained. The diagnostic procedure was validated by the 

National Health Institute Dr. Ricardo Jorge. From June 2, 2020 to September 15, 2021, 11411 

samples were obtained. Three hundred and forty-four (3.01%) were positive for SARS-CoV-2. 

Results were typically communicated within 12 hours of sample collection. Public health 

medical doctors followed up cases and close contacts.  

This local partnership is contributing to contain the spread of SARS-CoV-2 in the Oeiras 

municipality and highlights the capacity of different stakeholders to get together to tackle the 

challenge of COVID-19 pandemic. 
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The Ria Formosa in the Southern coast of Portugal (Algarve) is a mesotidal lagoon with 

relatively restricted exchange with adjacent Atlantic Ocean. Due to arid Mediterranean climate 

and absence of significant freshwater inputs, the lagoon remains hypersaline relative to open 

coastal waters throughout the year (> 37 ppt). Generally, fecal coliforms and other 

allochthonous land-derived bacteria do not survive long in seawater due to osmotic shock, 

oligotrophic regime and competition with autochthonous marine bacteria (see review 

Rheinheimer 1991). However, survival of human pathogenic viruses in natural waters has been 

less studied and remains relatively unknown. In view of 2020-2021 SARS-CoV-2 pandemic, 

the main objectives of this study were to ascertain its potential contamination by wastewater 

and possible persistence in marine environment. 

Five sampling campaigns were carried out within the context of a Master´s thesis research in 

2020 and 2021 (22/09, 21/10, 23/11 & 14/12 in 2020; 08/03 in 2021). Three environmental 

stations in the Ria Formosa (Faro Island, Faro commercial dock, Olhão dock) as well as affluent 

and effluent from three Wastewater Treatment Plants (Faro-Aeroporto, Olhão and Vilamoura) 

were sampled. All microbial analyses were performed by IST in Lisbon within 24-48 hr of 

sample collection. In spite of relatively high fecal contamination (eg. Escherichia coli and 

Enteroccoci MPN, IDDEX standard methods) in 3 lagoon stations, SARS-CoV-2 could not be 

detected using innovative methodology (Monteiro S. et al. 2021). Raw wastewaters were 

positive in the following cases: Faro-Aeroporto 21/10/2020, 14/12/2020, 08/03/2021; 

Vilamoura 21/10/2020, 14/12/2020; Olhão 14/12/2020. All treated wastewaters were negative, 

as well as environmental samples in the Ria Formosa. Highest viral titers were observed in 

Faro-Aeroporto untreated wastewater on 8 March 2021 (1.35 x 105 genomic copies L-1) 

coinciding with peak SARS-CoV-2 cumulative positive cases in the Algarve region, namely 

2.03 x 104 (DGS reports 2021). Interestingly, both Vilamoura and Olhão untreated wastewaters 

were negative on that date, that is presence of SARS-CoV-2 could not be detected. Lowest 

viral titers were detected on 21/10/20 in both Faro and Vilamoura raw wastewater when 

cumulative positive cases reached 0.618 x 104 in the Algarve (DGS reports 2020).  
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Although, this study was limited to 5 sampling campaigns with a total of 15 environmental 

samples and 90 wastewater samples (both raw and treated), it could be concluded that the 

contamination potential of SARS-CoV-2 remained very low and perhaps non-existing during 

peak pandemic surges in Southern Portugal. Finally, although the survival of human 

pathogenic viruses has been documented in low salinity coastal zones in the past (Noble & 

Fuhrman 2001), SARS-CoV-2 (an enveloped virus) appears to have no capacity to survive (or 

persist) in coastal seawater as well as in water treatment plants in the Algarve region. 

 

Monteiro S., Rente D., Cunha M., Gomes M., Marques T., Lourenço A., Cardoso E., Alvaro P., 

Silva M., Coelho N., Vilaça J., Meireles F., Brôco N., Carvalho M., Santos R. (2021) A 

wastewater-based epidemiology tool for COVID-19 surveillance in Portugal. Science of the 

Total Environment 804 (2022) 150264. 

Noble R.T., Fuhrman J.A. (2001) Enteroviruses detected by reverse transcriptase polymerase 

chain reaction from the coastal waters of Santa Monica Bay, California: low correlation to 

bacterial indicator levels. In: Porter J.W. (eds) The Ecology and Etiology of Newly Emerging 

Marine Diseases. Developments in Hydrobiology, vol 159. Springer, Dordrecht.  

Rheinheimer G. (1991) Aquatic Microbiology, 4th Ed., J. Wiley & Sons. 
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The novel Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is the causative 

agent of Coronavirus disease 19 (Covid-19). It was first isolated during an outbreak of SARS 

in the province of Wuhan, China, in December 2019, and so far, there have been over 236 

million confirmed cases and 4.8 million deaths of Covid-19 reported worldwide. The situation 

is still vastly uncontrolled in most parts of the world, and no specific and effective drug has 

been developed and approved against SARS-CoV-2.  

The need to develop new therapies and vaccines against SARS-CoV-2 in a short time led 

researchers to drug reposition strategies. The main advantage is the availability of 

pharmacokinetics, pharmacodynamics, and toxicity information of a given drug of interest. 

Hydroxychloroquine (HCQ), Chlorpromazine (CPZ) and 1,8-cineol (CNL) are potential 

candidates for reposition against SARS-CoV-2, based upon previous scientific evidence of 

effectiveness against SARS virus and in silico drug-target analysis. HCQ is an antimalarial 

agent with anti-inflammatory and immunomodulatory activities, with reported antiviral effect 

against different viruses through interference with clathrin-mediated endocytosis (CME) entry 

mechanisms. CPZ is an antipsychotic medication with described ability to inhibit coronavirus 

entry into host cells by interfering with CME. CNL is a natural saturated bicyclic monoterpenoid 

used to treat respiratory symptoms due to its anti-inflammatory properties. Its mechanism of 

action is not fully understood, but antiviral effects have been previously reported as well as 

anti-inflammatory effects in the lungs and non-toxic formulations.  

In this study, we aimed to assess the activity of HCQ, CPZ, and CNL against SARS-CoV-2 

in ex vivo experiments. To do this, we first performed cytotoxicity assays in Vero-E6 cells to 

determine the maximum concentration tolerated. Virus replication inhibition experiments were 

then performed using different concentrations of each drug in SARS-CoV-2 infected Vero-E6 

cells. Results were assessed in virus titration assays using standard protocols.  

      All three drugs are well-tolerated for the Vero-E6 cell line, with the maximum 

concentration tolerated being 50 μM for HCQ and CPZ and 10 mM for CNL. Of the three drugs 

tested, CNL did not display an inhibitory effect in virus replication. In contrast, HCQ and CPZ 

inhibited SARS-CoV-2 replication in well-tolerated concentrations for the cells. 

https://scholar.google.com/citations?view_op=view_org&hl=pt-PT&org=12286968164664245712
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      Further studies are being performed to evaluate the activity of these drugs and their 

potential synergistic effects with other drugs in support of the current global efforts to describe 

effective compounds against SARS-CoV-2 /Covid-19. 
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In the context of COVID-19, the use of face masks has been recommended as a preventive 

measure against the spread of SARS-CoV-2. Despite their health benefits, usage of single-use 

masks represents a threat to the environment as they are manufactured from long-lasting 

plastic materials. Reusable fabric masks are an alternative to reduce the risk of pollution and 

the amount of plastic wastage. The application of antimicrobial agents in the tissues used to 

produce masks would be an additional hurdle on the prevention of other respiratory infections 

and secondary bacterial infections that occur from touching contaminated masks.  In this 

context, impregnation of the fabrics with plant extracts is an atractive  approach since they are 

potentially safe and free of adverse side effects and powerful antimicrobials. The objective of 

this work was to study twelve plant extracts to select the most efficient against pathogenic 

microorganisms. The minimum inhibitory concentration (MIC) of each extract was determined 

by broth microdilution in 96-wells microtiter plates (tested concentrations between 50.00 and 

0.78% V/V) against different pathogenic bacteria.  

According to the results obtained, it was possible to selecte two plant extracts, both extracted 

with 1:1 ethanol:water, as the more effective against most of the pathogens tested, with MICs 

between 50.00 and 1.56%. It is important to highlight that Gram-positive bacteria were 

eliminated more easily than Gram-negative bacteria. Although being a preliminary work and 

more tests are needed, the two plant extracts could be good candidates to be impregnated into 

tissues in order to eliminate pathogens and avoid health problems associated with them. 
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The need for effective preventive measures to tackle COVID19 pandemic placed the debate 

over the modes of transmission on the spotlight. A growing body of evidence points toward 

airborne transmission. The latter, refers to the possibility of particles smaller than 5 μm to be 

the vehicle for viral transmission. Notwithstanding multiple evidences to support it, the 

detection and infectiousness of the virus in suspended particles has been difficult to achieve. 

Current methods for air sampling for virus have serious limitations. 

The virus can experimentally remain infectious on surfaces for days and for at least 3h in 

aerosol suspensions. Moreover, environmental contamination, including suspended particles, 

was detected in multiple hospital settings. Nevertheless, due to major confinement measures 

worldwide, household transmission assumed an important role for driving the pandemics. 

However data about household transmission is scarce. 

Our work intended to experimentally evaluate a methodology to evaluate the presence of 

SARS-CoV-2 in aerosol particles, in the domiciliary setting. 

Sampling was performed in the spaces housing confined infected patients. For air collection 

three different collection methods were employed: impaction, filtration and deposition. Active 

air samples were collected on gelatin filters: total suspended particles (TSP) were collected on 

a gelatin filter placed in clear styrene filter cassette(SKC Inc. UK); For sized-fractioned samples 

we used  a miniature cascade impactor (Sioutas impactor, SKC Inc. UK) loaded with gelatin 

filters into four size ranges (> 2.5 μm, 1.0 to 2.5 μm, 0.50 to 1.0 μm and 0.25 to 0.50 μm). 

Whereas for passive samples, petri dishes containing inactivating viral transport medium were 

employed and placed on top of furniture. To detect the presence of SARS-CoV-2 in the 

samples collected we used the standard RT-PCR method. 

Four different households were analyzed and 22 air samples were processed. Different 

sampling times and airflow velocities were employed. SARS-CoV-2 was detected in one size-

fractioned air sample in the below 2.5 μm particles fraction. A total of 10 deposition samples 

were processed and the virus was detected in 3 of those, placed on top of furniture, >1.8 m 

above the floor. 
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Our work demonstrate the possibility of viral detection in aerosol suspensions in the absence 

of aerosol-generating procedures. Moreover the use of deposition samples can be a relatively 

easy and inexpensive method for SARS-CoV-2 detection in the air. The results highlight the 

potential role of airborne transmission and the need to adopt effective measures to minimize 

the risk of transmission. 
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Coronavirus disease 2019 (COVID-19), caused by SARS-CoV-2, emerged from Hubei 

Province, China (late 2019), and spread rapidly around the world. It is widely accepted that this 

corona virus can remain for several hours or even days on surfaces, such as plastic, cotton, 

fur, polyester, among others. This raised awareness on the possible transmission of SARS-

CoV-2 via cloths and the urgent need for effective disinfection strategies to be used in clothing 

stores. In this project we investigated the efficiency of the MTEX PHYS Sterilizer, a prototype 

developed by MTEX Solutions S.A. combining ultraviolet irradiation (UVC) and ozone (O3), on 

the elimination of SARS-CoV-2 on fabrics using bacteriophage Phi6 as a surrogate of SARS-

CoV-2 (1). Phi6 (family Cystoviridae) have been used as surrogates for human coronaviruses 

given similar size, composition, and morphology (2).  Thus, different approaches were 

evaluated, namely disinfection by application of ozone O3 and combination of UVC with O3 and 

two types of fabrics were used: 100% linen (sample 2) and 100% wool (sample 4). Exposure 

of contaminated sample 2 to 20 ppm of O3 during 30 minutes resulted in a reduction of Phi6 of 

4.30 ± 0.36 log cycles. Exposure of contaminated sample 2 to combination of UVC with O3 

resulted in a similar inactivation (4.30 ± 0.35 log cycles) to that observed with only O3. On 

sample 4, Phi6 was only reduced by 2.67 ± 0.20 log cycles during exposure to 40 ppm for 30 

minutes. When exposed to O3 (40 ppm, 30 min) with UVC, a log reduction of 3.63 ± 1.61 was 

observed. Since the tissue does not absorb the inoculum, UVC ends up playing an important 

role in disinfection. Although this study requires more trials and validation using fabrics 

contaminated with SARS-CoV-2, it was demonstrated that 1) the prototype investigated is a 

potential solution for the inactivation of this virus and that 2) the effectiveness depends on the 

type of fabric being treated.   
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This work was developed in the scope of the project “PHYS Desenvolvimento de equipamentos 

para desinfeção eficaz e sustentável de vestuário” (POCI-01-02B7-FEDER-069750) co- 

funded by the European Regional Development Fund (FEDER) under the Operational 

Programme for Competitiveness and Internationalisation (POCI). 
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Figure 3 – MTEX equipment used in this study. 
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The outbreak of COVID-19 disease caused by SARS-CoV-2 forced the scientific world to 

search for new alternatives to help control the virus. Plant extracts have natural compounds 

that might provide a starting point for the research on the use of plants as an excellent source 

of new antiviral agents against viruses, including COVID-19 to be included in disinfectants, 

fabrics or other materials. In this study, the polyphenols content (Folin-Ciocalteu), antioxidant 

capacity (DPPH, ABTS and ORAC) and the phenolic profile (HPLC) of different hydroethanolic 

(ethanol:H2O 50:50 v/v) extracts of medicinal plants cultivated under controlled conditions in 

Portugal (echinacea, rosemary, laurel, thyme and rock rose) were determined, as well as the 

cytotoxicity effect against a keratinocyte cell line using cell viability assay by PrestoBlue and 

genotoxicity effect using the AMES test. According to the results, total phenolic content ranged 

from 204.54 ± 1.78 / 274.20 ± 3.14 (mg EAG/g extract) with the rock rose extract presenting 

the highest content (p < 0.05). The extracts showed a good antioxidant capacity demonstrated 

by the high values found for ORAC, which ranged 2855.03 ± 9.75 / 5285.35 ± 60.04 µMol 

Trolox/mg extract. HPLC analysis revealed the presence of different compounds in the extracts 

such as the kaempferol-O-glucuronide, catechin, protocatechuic acid and galloyl glucoside, 

representing a potential source of bioactive components with antioxidant capacity. No toxicity 

was observed towards the keratinocyte cells and none of them showed mutagenic effects. 

Based on the results of safety and high polyphenols content of the extracts they demonstrate 

a great potential as antimicrobial agents. This will allow the design of new experiments aimed 

at evaluating the antiviral activity of these extracts, especially against SARS-CoV-2. 
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The emergence of COVID-19 triggered changes in routines and other concerns, such as the 

disinfection of textile clothing, to avoid the transmission of the disease. The application of ozone 

and UV radiation to textiles are interesting disinfection methodologies that do not use harmful 

chemicals. Ozone has been used for several years as a disinfectant, and UVC radiation has 

been shown to destroy viruses and bacteria. These technologies can be applied in hospitals, 

clinics, clothing stores, hotels, among others. This study aimed to investigate the impact of 

ozone (at different concentrations) and UVC radiation treatments and their combination (at 

different treatment times) in the elimination of pathogenic microorganisms (Acinetobacter 

ESB260 and Escherichia coli ATCC 8739) applied to different textile substrates. These 

treatments were applied in a prototype of the MTEX PHYS Sterilizer. The results demonstrated 

that ozone is more effective than UVC radiation. The highest bacterial inactivation with UVC 

radiation was that lasting 60 minutes. The best results with ozone treatments were obtained at 

concentrations of 50 and 60 ppm for 60 minutes, and log reductions of up to 5 log cycles were 

obtained. Apparently, the treatment time is more relevant than the ozone concentration. The 

combined treatment triggered a synergy of the treatments, in which values of logarithmic 

reduction were identical to those of the ozone treatment, but in a shorter time. The 

effectiveness of the treatments depends on the type of fabric and the bacterial species/strain. 
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Internationalisation (POCI). 
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The COVID-19 pandemic caused by a pathogenic virus and responsible for the severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) highly transmissible, emerged by the end 

of 2019. This disease has infected about 240 million people globally, according to the World 

Health Organization (WHO), impacting the lives of the world's population in many ways. 

Considering the urgent need to combat the virus, the scientific community has proven to be of 

great importance in the search for new solutions to the fight against COVID-19. Plants are 

important sources of phenolic compounds, namely secondary metabolites recognized for their 

bioactive action. Therefore, the main objective of this work was to identify the main phenolic 

compounds present in plants of the mountain ecosystem, as well as to evaluate their cytotoxic 

effect on normal kidney epithelial cells extracted from an African green monkey (Vero), for 

further use against COVID-19. Five plants from the mountain flora were chosen according to 

previous work of the authors' research group, based on their bioactive potential, namely 

antioxidant, antimicrobial and cytotoxic. The extracts were obtained by dynamic maceration 

and ultrasound assisted extraction, using purely aqueous or hydroethanolic solutions. After 

obtaining the dry extracts, they were evaluated for their phenolic profile by high performance 

liquid chromatography coupled to a diode array detector and a mass detector (HPLC-DAD-

MS). In relation to the phenolic content of the analyzed samples, the predominated compounds 

were phenolic acids (rosmarinic, ellagic, and chlorogenic acids), flavonoids (quercetin O-

hexoside and kaempferol O-glucuronide), hydrolysable tannins (galloyl-glucose, trigalloyl-

HHDP-glucoside, and pentagalloyl-glucoside) and flavan-3-ols (catechin). Regarding the 

cytotoxic potential in Vero cells, the five plants presented GI50 (concentration that causes 50% 

of inhibition) values in a range of 69 to 185 μg/mL and MNCC (maximum concentration without 

toxicity) values ranging from 50 to 120 μg/mL. Therefore, these findings turn these matrices in 

interesting research focus within the combat against several serious diseases, including 

COVID-19 virus. 
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The use of Respiratory Protective Devices (RPD) became a mandatory accessory in the 

combat of the spread of COVID-19. Examples of RPD are surgical masks, KN95 respirators 

and face cloth masks. KN95 respirators and surgical masks help to block drops or splashes 

that may contain viruses and bacteria. KN95 respirators are considered the most efficient 

device. Social masks also provide a physical barrier and are indicated for reuse. It is estimated 

that 129 billion face masks are used every month resulting in 300 million tons of plastics 

discarded over the world. Studies have showed the effectiveness of the disinfection protocols 

in non-reusable RPD. 

Goal: Evaluate the efficiency of three decontamination processes of RPD, vaporized hydrogen 

peroxide, immersion in commercial bleach and steam in the microwave, using resistant 

bioindicators.  

The assays of immersion in commercial bleach and contact with steam in microwave were 

performed using endospores from Bacillus atrophaeus and the treatments with nebulized 

hydrogen peroxide were performed using endospores from Geobacillus stearothermophilus.  

This study allowed to determine which of these processes lead to sterilization. Additionally, 

masks were analyzed at the end of different treatment cycles (1, 5 and 10 cycles) to conclude 

if the number of treatments affects the decontamination efficiency. After the cycles finished, 

the masks were subject to analysis and, the CFUs (Colony Forming Units) were counted to 

assess the efficiency of the method. 

Results: There was a reduction of six orders of magnitude of the bacterial indicator in the 

surgical masks in contact with nebulized hydrogen peroxide and immersion in commercial 

bleach. A similar reduction was also observed in the KN95 respirators submitted to nebulized 

hydrogen peroxide and in contact with steam in the microwave.  

Conclusion: The nebulized hydrogen peroxide sterilized the KN95 respirators and surgical 

masks as established by the ISO Standard. However, in cloth masks, this treatment just 

corresponded to disinfection. The immersion in commercial bleach sterilized the surgical 
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masks but only disinfected KN95 respirators and cloth masks. The steam microwave procedure 

sterilized KN95 respirators but did not sterilize both surgical and cloth masks corresponding 

just to disinfection. The number of treatments did not affect the efficiency of any of the tested 

decontamination processes. 

 

 

Figure: Effectiveness of the endospores inactivation by Nebulized Hydrogen Peroxide of 

surgical, KN95 and cloth face masks. The red line indicates the Standard Effectiveness 

established by ISO 14937. 
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Cervical cancer (CC) is the fourth most common pathology in women worldwide, with a 

significant impact in developing countries. CC evolves from lesions caused by genital human 

papillomaviruses (HPVs) and its oncogenic role is linked with two oncoproteins, E6 and E7. 

High-risk HPV E6 interacts with the LXLL motif of E6AP leading to p53 degradation by the 

proteasome pathway. For this reason, E6 has been used as a target to develop anti-HPV drugs. 

However, it is necessary to obtain large amounts of protein with high purity to perform 

biointeraction studies with the selected drugs. Thus, our aim was to recombinantly express E6, 

understand its preferential host cellular localization and explore different extraction methods to 

isolate the protein in its native folding from Escherichia coli (E. coli). The obtained lysates were 

purified by affinity chromatography. The results showed that E6 was successfully produced 

with fusion tags and the best lysis method consisted of osmotic shock followed by cycles of 

sonication/ice. The MBPtrap column used in the purification step allowed almost full protein 

retaining with the elimination of heterologous proteins. Nevertheless, some endogenous MBP 

was co-eluted with E6 protein positive fractions, being necessary to improve the elution 

strategy. 
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The increase of untreated sexually transmitted and perinatal urogenital infections remain a 

serious public health issue. Their asymptomatic character together with the increase of 

antimicrobial resistance to current antibiotics and the lack of an effective vaccine make the 

development of alternative antimicrobial compounds urgent. We have demonstrated that 

cationic quaternary ammonium surfactant (QAS) dodecyl-pyridinium bromide (C12PB) is a 

bactericide at concentrations that do not affect the viability of vaginal flora or epithelial cells. 

Herein, we have formulated polymeric C12PB-hydrogels and evaluated their antimicrobial 

efficacy, cytotoxicity and pro-inflammatory potential. 

Our results showed that hydroxyethylcellulose at 1.25wt.% (HEC) and 

hydroxypropylmethylcellulose at 2wt.% (Methocel F4M) formulations were highly efficient 

against N. gonorrhoeae (>86% of efficacy 1h after gel exposure) and S. agalactiae (>83% of 

efficacy 2h after gel exposure). Both formulations demonstrated low cytotoxicity in Caco-2 cells 

(>91% cell viability). HeLa viability was slightly lower depending on the polymer (>69% and 

>73% for HEC-C12PB and F4M-C12PB gel, respectively). Interestingly, HeLa cytotoxicity 

correlated with an IL-6 increase 24h after exposure but no other cytokines and chemokines 

were detected. 

These findings highlight C12PB-hydrogels as potential promising topical prophylactic options 

for the prevention and/or treatment of N. gonorrhoeae and S. agalactiae infections and 

transmission.  

 

 

 

  



1.4 & 1.6 Biopharmaceuticals & Vaccines: design, analytical methods and bioprocessing opportunities 

 

310 
 

152. Surfomics reveal a new target for the development of immunotherapies to tackle 

Burkholderia cenocepacia infections 

 

António M. M. Seixas, Sílvia A. Sousa, Joana R. Feliciano, Jorge H. Leitão 

Department of Bioengineering, IBB—Institute for Bioengineering and Biosciences, Instituto Superior 

Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1049-001 Lisboa, Portugal; 

Associate Laboratory, i4HB—Institute for Health and Bioeconomy at Instituto Superior Técnico, 

Universidade de Lisboa, Av. Rovisco Pais, 1049-001 Lisboa, Portugal; 

 

Despite the advances in therapies, infection by Burkholderia cepacia complex (Bcc) remain an 

ever-present threat to cystic fibrosis (CF) patients, due to the faster lung decline they represent 

and the absence of an effective eradication strategy. Immunotherapies able to viably control 

and reduce the damages caused by these infections are regarded as an opportunity to protect 

CF patients against Bcc devastating infections. With the objective of identifying Bcc proteins of 

interest to develop immunoprotective therapies, we have used a surfomics strategy combining 

the bioinformatics identification of putative surface-exposed proteins with an experimental 

approach encompassing the “shaving” of surface-exposed proteins with trypsin followed by 

peptide identification by liquid chromatography and mass spectrometry. The methodology 

allowed the bioinformatics identification of 263 potentially surface-exposed proteins. Of the 

proteins identified, 143 have a high probability of containing B-cell epitopes that are surface-

exposed and 16 of them were experimentally identified by the “shaving” approach. BCAL2645 

and 2 other proteins were chosen and demonstrated by western blotting and ELISA assays to 

be immunoreactive against sera from CF patients with a record of Bcc infections. BCAL2645 

was then chosen for further studies to uncover its potential as a possible new target for use in 

these strategies. Here we present results showing that the protein plays multiple roles within 

the bacteria physiology, playing roles in biofilm formation, adherence to mucins and invasion 

of human lung epithelial cells. The expression of the BCAL2645 protein was found to be 

increased in condition mimicking the CF lung environment, including microaerophilic 

conditions. An anti-BCAL2645 polyclonal antibody was found to interfere with the infection 

process, leading to a reduction of 70% of bacteria able to adhere and invade cell in vitro. 

Altogether our results show that the BCAL2645 protein has a high potential for use in the 

development of new immunotherapies against bacteria of the Bcc, that effectively may help the 

control and eradication of Bcc devastative infections. 
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Protein nanocages are versatile vehicles for drug delivery. These nanometer scale 

architectures feature an inner cavity that can be loaded with different drugs. The clinical 

development of protein nanocages requires large amounts of pure, well-folded assemblies. 

However, while the currently used purification approaches are suitable for proof-of-concept 

studies at lab scale, biomanufacturing at large scale will require more efficient bioprocess 

technologies to enable the use of protein nanocages for clinical applications. The main 

objective of this work was to develop scalable and cost-effective processes for the 

biomanufacturing of protein nanocages with particular emphasis in the downstream steps. The 

16.5 kDa small heat shock protein from Methanococcus jannaschii (MjsHSP) was used as 

model. The in vivo assembly of 24 units of MjsHSP originates 12 nm nanocages with octahedral 

symmetry and demarcated exterior and interior surfaces. The protein was expressed in E. coli 

and released by sonication. The purification strategy consisted of an intermediate purification 

followed by a polishing step to achieve a highly purified and formulated product. Different 

approaches of chromatography (anion exchange, size exclusion and multimodal) as well as 

traditional and novel chromatographic supports with distinct properties were tested and 

analysed. Characterization of the pure MjsHSP nanocages and impurities by SDS-PAGE, 

dynamic light scattering and transmission electron microscopy demonstrated that a 

downstream processing strategy based on two chromatography steps could be an efficient 

platform to obtain pure protein nanocages for pre-clinical/clinical applications. 
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Functionalization of cellulose-based materials with relevant biomolecules can be used to 

develop high-performance materials with improved functionalities that meet the requirements 

of specific end-use applications. The success of such tailored platforms depends, to a large 

extent, on efficiently master the assembly of relevant molecules into cellulose-based materials 

insomuch that the intended functionality is attained. 

In this context, bi-functional biomolecular constructs were developed for the precise 

modification of cellulose-based materials with relevant bioactive molecules. Accordingly, 

distinct recombinant fusions of carbohydrate binding modules (CBMs) and important biological 

entities were produced and purified resorting to biomolecular engineering techniques. In 

particular, CBM-based fusions were envisioned to enable the bridging of proteins, peptides, or 

oligonucleotides with cellulosic materials. The work focused on constructs that combine a 

family 3 CBM derived from the cellulosomal‐scaffolding protein A from Clostridium 

thermocellum (CBM3) with i) an N-terminal green fluorescent protein (GFP) domain (GFP-

CBM3), (ii) a double Z domain that recognizes IgG antibodies, and iii) a C-terminal cysteine 

(CBM3C), to covalently link antimicrobial peptides (AMP) or DNA strands (Figure 1). Pull-down 

assays were used to assess the ability of the CBM3 fusions to efficiently bind and/or anchor 

their counterparts onto the surface of cellulose materials. Capture of GFP-CBM3 by cellulose 

was first demonstrated qualitatively by fluorescence microscopy. The binding of the fusion 

proteins, the capture of antibodies (to ZZ-CBM3) and the grafting of an oligonucleotide and an 

AMP (to CBM3C) were successfully demonstrated. Additionally, in vitro antimicrobial activity 

assays revealed that AMP-cellulose hydrogels exhibited potent bactericidal and antibiofilm 

activities against clinically relevant pathogens [1, 2].  

The bioactive cellulose platforms described herein enables the exact anchoring of diverse 

biomolecules onto cellulose-based hydrogels and holds great promise towards development 

of effective and innovative medical diagnostic sensors or highly specialized biomaterials, such 

as antimicrobial materials, with potential biomedical interest. 
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Figure 1 Schematic representation of the strategy used to functionalize cellulose-based materials with (A) GFP, (B) IgG and 

(C) AMP or oligonucleotides. In (A) a GFP-CBM3 fusion is used. In (B) a ZZ-CBM3 fusion is first anchored on the materials 

and then used to capture IgG. In (C) a CBM3 with a C-terminal cysteine is pre-anchored on the materials, which are then fused 

to an AMP with a terminal cysteine or a maleimide terminated oligonucleotide, via the formation of a covalent bond. 
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Although therapeutic approaches for skin damage treatment have made progress lately, better 

methods are still needed to enhance wound healing and recovery. 

The wound healing process, that comprises a complex series of biological processes can be 

slow and lead to chronic inflammation, especially in burn patients with additional systemic 

impairments. 

Here we present a wound dressing that prevents skin dehydration and bacterial infection using 

cellulose fibers. Bacterial Cellulose (BC) is produced by several species, being the most 

important of the genus Komagataeibacter (e.g. Komagataeibacter rhaeticus). 

Komagataeibacter produces extracellular cellulose that is easily isolated in the form of fibers. 

Under static cultivation conditions, a BC-biofilm of varying thickness is formed to maintain high 

oxygenation of the cells near the surface, and to serve as a protective barrier against drying 

and radiation [1]. 

Using BC micro and nano fibers, we produced hydrated membranes that mimick the skin 

barrier function. To enhance water retention after drying and confer antibacterial properties, 

the BC hydrogels were ex-situ modified by chemical or physical treatment. 

We present the characterization of the BC hydrogels regarding their morphology and texture, 

water retention capacity, mechanical and antibacterial properties. 

 

[1] R. Portela, C.R. Leal, R.G. Sobral and P.L. Almeida, “Bacterial Cellulose - a versatile 

biopolymer for wound dressing applications”, Microbial Biotechnology, 2019, 12(4), 586–610. 
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Microbial biodeterioration is a growing problem in cultural heritage (CH) causing serious 

aesthetical and structural damages in building materials and other artefacts of inestimable 

value, bringing high expenses for museums and city councils [1]. Many of the commercial 

pesticides used to prevent and mitigate biodeterioration are potentially toxic to the man and 

environment and their long-term ineffectiveness and increased resistance of organisms to the 

biocide components are reported [2]. Essential oils (EOs), due to their antimicrobial properties 

and low toxicity potential, represent an eco-friendly alternative in the control of biodeterioration 

in the context of cultural heritage, without negative environmental and human impacts [3]. 

This study was focused on the evaluation of the biocidal potential of C. nepeta, M. pulegium 

and M. spicata free essential oils and EO/β-cyclodextrin inclusion complexes against CH 

biodeteriogenic microorganisms, namely three strains of filamentous fungi (A. niger, 

F. oxysporum and Penicillium sp.), two yeast strains (Exophiala sp. and Rhodotorula sp.) and 

Bacillus sp., previously isolated from heritage assets.  

EOs were extracted by hydrodistillation from aerial parts of flowering plants, and their chemical 

composition was evaluated by GC-FID. Inclusion complexes of EOs and β-cyclodextrin were 

prepared by co-precipitation method [4], with the EOs to β-cyclodextrin ratios of 50:50, 40:60 

and 30:70 (w/w) to determine the effect of the ratio on the inclusion efficiency of β-cyclodextrin 

for EOs encapsulation. 

Antimicrobial activity was assessed by solid wells-diffusion assays and the minimum inhibitory 

concentration method. 

EOs chemical composition showed a high content in oxygenated monoterpenes (72-97 %). 

C. nepeta EO expressed the isomenthone/pulegone/menthol chemotype (44/22/7 %), 

M. pulegium EO the pulegone/menthol chemotype (85/11 %), while the M. spicata EO is a 

carvone chemotype (58%). Free EOs were effective against these biodeteriogenic 
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microorganisms and M. spicata EO showed a broad spectrum of antimicrobial effect. The 

inclusion complexes EO/β-CD showed high antimicrobial activity against Bacillus sp. and 

Rhodotorula sp. 

Results suggest the antimicrobial potential of these EOs as well as EO/β-CD inclusion 

complexes, provide an eco-friendly alternative to mitigate biodeterioration, controlling EO 

volatility and avoiding the interaction of free EO with heritage assets matrix. 

 

Keywords: Biodeterioration, Heritage Art Works, Essential Oils, Encapsulation in 

β-cyclodextrins 
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Introduction: Touch-surfaces have been recognized as important reservoirs of 

microorganisms and a potential cause for the transmission of harmful pathogens1. This 

biological risk is particularly important in confined and multi-shared spaces, such as 

healthcare facilities and public spaces2. 

Objective: This work aims at the development of bioactive materials based on the 

incorporation of potentially antimicrobial compounds (phenolic-, ionic-, and copper- based 

compounds) in a polymeric lacquer. For this purpose, we chemically and physically 

characterized the developed materials and tested their cytocompatibility with the fibroblastic 

cell line L929, as well as their antimicrobial activity against Staphylococcus aureus and 

Escherichia coli.  

Results: Characterization studies revealed that the incorporation of the antimicrobial 

compounds slightly impacted the color and viscosity of the original lacquer, while maintaining 

medium-good optical/technical performance. Copper-modified materials presented significant 

antimicrobial activity against both bacterial strains (CFU Log reduction>4) and additionally do 

not exhibit cytotoxicity. Ionic-based materials also displayed a similar antimicrobial activity 

against S. aureus, but only decreased 0.8 Log for E. coli. Its cytotoxic effect was only observed 

for the highest concentrations tested. Phenolic-based materials did not present relevant 

antimicrobial nor cytotoxic activity. 

Conclusion: Cooper-modified materials exhibit a relevant antimicrobial activity and a good 

cytocompatibility, being promising candidates to be incorporated in lacquer formulations for 

touch-surfaces.  

[1] T. Chang et al., PLoS One, vol. 16, no. 2, 2021, 10.1371/journal.pone.0247081.  
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The use of lentiviral vectors (LV) in gene therapy is increasing as more products are approved. 

The treatments require high quantities of high-quality viral preparations. To meet these 

demands, stable producer cell lines for LV manufacture are desirable. To develop these 

producer cells, four independent expression cassettes are required to generate the viral vector: 

gag-pro-pol; rev; envelope and transgene. Constitutive producer cell line development is still 

undeveloped and knowledge on the impact of vector components expression levels on vector 

yields is lacking. Therefore, it is important to understand the impact of the individual cassettes’ 

expression as well as their stoichiometries upon LV quality.  

This work is the first report studying the influence of LV cassettes expression levels in newly 

developed LentiPro26 constitutive producer cell line. Ten clones displaying heterogeneous 

productivities and random genomic integration profiles of the vector cassettes were analysed 

regarding viral cassettes copy number, expression level, and viral productivity in terms of 

infectious particles. The results showed distinct gag-pro-pol expression levels within the clones 

but sufficient to generate 109 Physical Particles per mL although infectious titers were only 

within 106 Transducing Units per mL. An analysis of the top two producer clones (#54 and #59) 

comprising a stability study for 68 days and viral cassettes overexpression complementation 

assay was also performed. These studies revealed that viral particle functionalization was 

highly associated with balanced transgene and envelope mRNA levels. Viral productivity was 

improved more than 20-fold by over-transfection of an alternative envelope expression 

cassette (vesicular stomatitis virus G envelope), suggesting the influence of the envelope viral 

cassette in lentiviral preparations cell transducing ability.  

Overall, this work elucidates the main bottlenecks in LV manufacture revealing the influence of 

viral transgene and envelope cassettes in LV yields. These conclusions provide further insights 

on how to optimize constitutive cell line development through rational design of viral genetic 

cassettes to achieve higher-quality preparations.   
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The use of lentiviral vectors for gene therapy applications has been growing in the recent years. 

These vectors are currently the first choice for applications requiring sustained transgene 

expression. The most common method for lentiviral vector production relies on transient 

transfection of mammalian cells with DNA plasmids encoding the lentiviral components. Often, 

these cells are cultured in the presence of animal-derived serum in adherent systems, which 

difficults purification and limits scalability. This work reports the adaptation of 293T cells to 

suspension culture using different serum-free media and the improvement of lentiviral vector 

production through transfection parameters optimization and media supplementation.  

Cells were sequentially adapted to the different culture media and characterized for growth 

kinetics. Transfection parameters were optimized by screening DNA to transfection reagent 

mass. The two best performing conditions were explored for process intensification, namely, 

vector production at higher cell densities. Increasing cell density at transfection increased 

volumetric titers by up to 8-fold. A set of media supplementation strategies was evaluated to 

further improve lentiviral vector production. Lipid supplementation was found to increase 

productivity by 3-fold. 

This work enabled the implementation of an optimized platform for lentiviral vector production 

in suspension and serum-free culture. This platform yields competitive titers and enables 

scalable production of clinical grade lentiviral vectors for gene therapy. 
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Lactococcus lactis was firstly engineered with a minimal synthetic pathway (At4CL, DCS and 

CURS genes) for curcumin production. The genes code for 4-coumarate:CoA ligase, diketide-

CoA synthase and curcumin synthase, respectively. Ferulic acid is the substrate for the 

enzyme expressed by the 4CL gene. The resulting product is feruloyl-CoA, which will further 

act as substrate for the DCS enzyme. This reaction generates feruloyl-diketide-CoA, which is 

used as substrate by CURS1 enzyme to produce curcumin. Curcumin is a putative 

anticarcinogenic compound and in situ mucosal delivery by food-grade L. lactis is a promising 

solution for its low bioavailability following oral administration, either to prevent gastrointestinal 

cancer or for other therapeutical applications. 

However, after supplementation of ferulic acid as the pathway substrate, L. lactis harbouring 

the three genes didn’t produce curcumin. 

A more detailed HPLC analysis of the culture supernatant revealed that L. lactis is consuming 

the ferulic acid while, at the same time, producing a yet unknown metabolite as shortly as after 

3 hours of growth. A literature search on the Lactococcus genera returned no information about 

it. It was, however, described that Lactobacillus plantarum can convert ferulic acid into 4-vinyl 

guaiacol, hydroferulic acid or vanillin, none of which match the detected unknown metabolite 

by HPLC. This observation suggests that L. lactis, or at least L. lactis LMG19460, has a ferulic 

acid degradation pathway different from the one present in Lactobacillus. 

The unknown peak was collected by HPLC and analysed by Nuclear Magnetic Resonance 

(NMR) Spectroscopy – 1D and 2D – and High-Resolution Mass Spectrometry (HRMS). 

Preliminary treatment of the data results determined that the unknown metabolite has the 

molecular formula C20H30O4, and it will be identified through more in-depth NMR and MS 

analysis soon. This identification step is crucial to recognize which L. lactis genes could be 

deleted/overexpressed in a way their metabolism redirects for curcumin production. 

Additionally, simultaneous identification of the specific exometabolome of L. lactis growing in 

the presence of ferulic acid will enable further characterization of the unknown pathway. 
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Furthermore, since ferulic acid, a polyphenol, has antioxidant activity and probably its 

derivatives too, the unknown metabolite could be interesting in itself. Early results hint the 

unknown metabolite could be the result of a geranyl group added to the ferulic acid, but the 

final structure is still under study. A geranyl is a group present in the biosynthesis of several 

terpenes, which have industrial applications. 
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16. Heteromeric phage endolysins - not just an eccentricity of few 

 

Daniela Pinto, Raquel Gonçalo, Carlos São-José 

Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, Universidade de Lisboa, Lisbon, 

Portugal 

 

Humanity has extensively invested in controlling bacterial infections. However, the significant 

increase in our quality of life and life expectancy are now at risk due to antimicrobial resistance 

development. 

Endolysins, the bacteriophage (phage) enzymes that hydrolyze peptidoglycan, have raised the 

attention of the scientific community as viable alternatives to traditional antimicrobials [1–3]. We 

are particularly interested in a special type of endolysins, those encoded in a single gene by 

two in frame overlapping open reading frames, because they have been identified in phages 

that infect bacterial pathogens and show increase affinity to their targets [4–6]. 

These endolysins have been described as eccentricities found in a few phages but our 

screening of over 3000 endolysins of phages that infect Gram-positive bacteria has identified 

a high number of putative heteromeric endolysins. With such rich dataset, we have investigated 

which characteristics of the protein, the phage, or the host correlate with and are predictive of 

the presence of such endolysins and gathered our first hints concerning their biological 

importance. With selected examples of clinical and industrial relevance we have confirmed the 

production of two polypeptides from these genes and confirmed that they interact to form an 

heteromeric endolysin. 

 

[1] Schmelcher M, Donovan DM, Loessner MJ. Bacteriophage endolysins as novel antimicrobials. 

Future Microbiol 2012;7:1147–71. 

[2] Fernandes S, São-José C. Enzymes and Mechanisms Employed by Tailed Bacteriophages to 

Breach the Bacterial Cell Barriers. Viruses 2018;10:396. 

[3] Dams D, Briers Y. Enzybiotics: Enzyme-Based Antibacterials as Therapeutics. Adv. Exp. Med. 

Biol., vol. 1148, 2019, p. 233–53. 

[4] Proença D, Velours C, Leandro C, Garcia M, Pimentel M, São-José C. A two-component, 

multimeric endolysin encoded by a single gene. Mol Microbiol 2015;95:739–53. 

[5] Dunne M, Leicht S, Krichel B, Mertens HDT, Thompson A, Krijgsveld J, et al. Crystal Structure 

of the CTP1L Endolysin Reveals How Its Activity Is Regulated by a Secondary Translation Product. J 

Biol Chem 2016;291:4882–93. 
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18. Determinants of bacterial tolerance to endolysin-based enzybiotics 

 

Ana Gouveia, Daniela Pinto, Carlos São-José 

Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, Universidade de Lisboa, Lisbon, 

Portugal 

 

WHO recognizes antibiotic resistance as a critical threat to human health. This led R&D entities 

to search for alternative antibacterial strategies, preferentially that minimize resistance 

development. Bacteriophage endolysins, which are enzymes (enzybiotics) that destroy the 

bacterial cell wall (CW), are among such alternatives [1,2]. 

Endolysins are usually considered better adapted to kill Gram-positive bacteria because their 

CW is not protected by an outer membrane. However, in nutrient rich environments these 

bacteria can present some tolerance to endolysin attack. Little is known about the mechanisms 

responsible for this tolerance, except that it is abolished by agents that dissipate the membrane 

proton-motive force (PMF) [3,4]. 

In this work we used an endolysin targeting the high priority pathogen Staphylococcus aureus 

to gain insight on determinants of the tolerance phenomenon. By employing selective drugs 

and S. aureus mutants affected in CW-associated polymers we show: i) that the PMF 

component most preponderant in tolerance is the pH gradient across the membrane; ii) that 

wall teichoic acids (WTA) are important determinants of tolerance and; iii) that one of the roles 

of WTA is to inhibit endolysin binding to the CW, although this is not sufficient to fully explain 

the increased susceptibility to endolysins of WTA-depleted cells.  

 

1. Theuretzbacher U, Outterson K, Engel A, Karlén A. 2019. The global preclinical antibacterial pipeline. 

Nat Rev Microbiol. doi: 10.1038/s41579-019-0288-0. 

2. Dams D, Briers Y. 2019. Enzybiotics: Enzyme-Based Antibacterials as Therapeutics. Adv Exp Med Biol. 

1148:233-253.  

3. Proença D, Leandro C, Garcia M, Pimentel M, São-José C. 2015. EC300: a phage-based, bacteriolysin-

like protein with enhanced antibacterial activity against Enterococcus faecalis. Appl Microbiol Biotechnol. 

99:5137-49. doi: 10.1007/s00253-015-6483-7. 

4. Fernandes S, São-José C. 2016. More than a hole: the holin lethal function may be required to fully 

sensitize bacteria to the lytic action of canonical endolysins. Mol Microbiol. 102:92-106.  
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Resistant Bacteria from a Portuguese Wastewater Treatment Plant  
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1Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa, Av. da República, 
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3Section of Microbiology, Department of Biology, University of Copenhagen, Universitetsparken 15, DK-2100 
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Abstract: The increasing dissemination of carbapenem resistant bacteria (CRB) is a major 

worldwide problem and an important threat to human health. Wastewater treatment plants 

(WWTPs) are important reservoirs and sources for the dissemination of antibiotic (AB) 

resistance into the environment, where the presence of CRE is increasing. Several studies 

already point out for the existence of high concentrations of carbapenemase-encoding genes 

and corresponding CRE along all the main steps of different wastewater treatment processes 

worldwide, from the wastewater influents to the treated effluents, warning for their subsequent 

release into the water bodies. Nevertheless, most of them have especially focused on the 

detection and quantification of target genes by PCR/qPCR techniques, leading to a serious 

gap in the isolation of the different populations of CRE present in the wastewater environments 

and on the assessment and characterization of their acquired resistance genes and intrinsic 

resistance mechanisms towards carbapenems and other ABs. Therefore, the aim of this study 

was to genotypically and phenotypically characterize the AB resistance profile of several 

environmental and pathogenic CRE isolated from a full-scale WWTP.  

Two different groups of CRE—the potentially environmental and the potentially pathogenic—

were isolated from both the wastewater influent and discharged effluent of a full-scale WWTP 

and characterized by whole genome sequencing and AB susceptibility testing. Among the 

potentially environmental isolates, there was no detection of any acquired AB resistance 

genes, which supports the idea that their resistance mechanisms are mainly intrinsic. On the 

contrary, the potentially pathogenic isolates presented a broad diversity of acquired AB 

resistance genes towards different AB classes, especially β-lactams, aminoglycosides, and 

fluoroquinolones. All these bacteria showed multiple β-lactamase-encoding genes, some with 

carbapenemase activity, such as the blaKPC-type genes found in the Enterobacteriaceae 

isolates. The AB susceptibility testing assays performed on these isolates also revealed that 
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all had a multi-resistance phenotype, which indicates that the acquired resistance is their major 

AB resistance mechanism.  

In conclusion, the two bacterial groups have distinct resistance mechanisms, suggesting that 

the AB resistance in the environment can be a more complex problematic than what is 

generally assumed.  

 

Keywords: antibiotic resistance; carbapenems; wastewater treatment plants; discharged effluents; environmental 

and pathogenic carbapenem resistant bacteria. 
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35. A novel target in TB-therapy: the N-glycolylation of mycobacterial peptidoglycan 

contributes to antibiotic resistance and intracellular survival 

 

Cátia Silveiro1, Mariana Marques1, Francisco Olivença1, David Pires1, Elsa Anes1, Maria 

João Catalão1 

1Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, University of Lisbon, Portugal 

 

Tuberculosis (TB) is a global health concern due to the lack of effective therapeutic approaches 

against emerging multidrug and extensively-drug resistant strains of Mycobacterium 

tuberculosis (Mtb). With 1.5 million TB-related deaths annually, finding treatment alternatives 

is imperative. 

Understanding the peculiar complexity of the mycobacterial cell wall (CW) is crucial to uncover 

novel antibiotic targets. The peptidoglycan (PG) layer of the CW features unique modifications, 

of which the N-glycolylation of muramic acids, catalyzed by the N-acetyl muramic acid 

hydroxylase (NamH), is of special interest.  

To understand how the conversion of UDP-N-acetylmuramic acid into UDP-N-glycolylmuramic 

acid impacts antibiotic resistance and host-pathogen interactions, we constructed several 

namH knockdown mutants in the fast-growing saprophyte Mycobacterium smegmatis, using 

CRISPR interference.  

The efficient repression of the namH gene revealed: 1) the non-essentiality of namH; 2) the 

hypersusceptibility of namH knockout/knockdown mutants to β-lactams, namely to cefotaxime; 

3) the decreased intracellular survival of namH knockdown mutants inside RAW 264.7 murine 

macrophages. 

Our results suggest that the N-glycolylation of mycobacterial PG promotes resistance to β-

lactams as well as bacterial survival inside macrophages. Hereafter, we hope to provide further 

insight on how this PG modification affects antibiotic resistance and host-pathogen 

interactions, using Mtb namH knockdown mutants. 
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36. Finding Key Genomic Markers of Beta-lactam Susceptibility in Clinical Isolates of 

Mycobacterium tuberculosis 

 

Francisco Olivença1, Alexandra Nunes2, David Pires1, Cátia Silveiro1, Rita Macedo2, Elsa 

Anes1, João Paulo Gomes2, Maria João Catalão1 

1Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, Universidade de Lisboa, Lisbon, 

Portugal; 2National Institute of Health Doutor Ricardo Jorge (INSA), Lisbon, Portugal. 

 

Recent studies have shown that certain beta-lactam antibiotics, namely carbapenems, display 

potent activity against Mycobacterium tuberculosis (Mtb) (1,2). Nonetheless, a wide range of 

minimal inhibitory concentrations (MICs) to beta-lactams have been reported for this pathogen, 

suggesting phenotypic heterogeneity. 

The present work aims to identify relevant genomic variants that associate with different Mtb 

beta-lactam susceptibility levels and to ascertain if the mutational pattern of relevant cell wall 

genes is implicated in enhanced beta-lactam resistance. 

The MICs to various beta-lactams, combined or not with clavulanic acid, were determined by 

screening a collection of 172 Portuguese clinical isolates of Mtb. The obtained data was 

correlated with single nucleotide polymorphisms (SNPs) detected by whole-genome 

sequencing of the isolates, yielding several SNPs as putative genomic markers of beta-lactam 

response in Mtb. Additionally, it was possible to establish that cumulative mutations in 

peptidoglycan metabolism or cell division genes contribute to distinct susceptibility phenotypes. 

Genomic markers of beta-lactam susceptibility and resistance remain largely unidentified in 

Mtb. By exposing variants that signal or play a role in these phenotypes, this study promotes 

a better comprehension of beta-lactam resistance in Mtb and contributes to maximize the 

outcomes of an eventual addition of carbapenems to tuberculosis drug regimens. 

 

References 
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43. Ascertaining mycobacterial inducible resistance 

to peptidoglycan synthesis inhibitors 

 

Cláudia Ferreira1, Francisco Olivença1, Cátia Silveiro1, Maria João Catalão1 

1Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, University of Lisbon, Portugal 

 

Tuberculosis (TB), caused by the pathogen Mycobacterium tuberculosis (Mtb), is a major 

worldwide cause of death and a serious public health concern, mainly due to the emergency 

of resistant strains1. Alternatives to standard TB treatments, such as repurposing β-lactams, 

have been explored with promising results2-3. However, to ensure optimal use of β-lactams, 

their resistance-inducing potential should be assessed. 

The aim of this study was to explore the development of resistance to peptidoglycan inhibitors 

in mycobacteria. Mycobacterium smegmatis mc2155 wild type and PM965, a mutant deficient 

for the major β-lactamase BlaS, were exposed to high concentrations of two β-lactams, 

amoxicillin and meropenem, yielding resistant isolates. Minimal inhibitory concentration (MIC) 

assays confirmed high levels of resistance, with meropenem-resistant isolates displaying 

concomitant increased amoxicillin MICs, while the reverse was not observed. Nitrocefin 

hydrolysis assays revealed amoxicillin-selected PM965 derivatives had identical β-lactamase 

activity to the wild type, suggesting the action of other enzymes capable of hydrolysing β-

lactams.  

These preliminary findings confirm the development of inducible resistance to β-lactams and 

indicate the involvement of different resistance mechanisms. An ongoing whole-genome 

analysis will provide further information of the mutations responsible for these phenotypes and 

the affected genes will be correlated with Mtb homologues. 
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46. Antimicrobial resistance and virulence profiles of Enterobacteriaceae isolated from 

two-finger and three-finger sloths (Choloepus hoffmanni and Bradypus variegatus) of 
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Wildlife has been recently recognized as an environmental reservoir for antimicrobial 

resistance (AMR). However, less information on this topic is available in animals released back 

into the wild after rehabilitation in wildlife facilities. In this study, the influence of the 

rehabilitation of two-finger (Choloepus hoffmanni) and three-finger sloths (Bradypus 

variegatus) of Costa Rica on the AMR and virulence profiles of sloths’ Enterobacteriaceae was 

evaluated. 

Oral and rectal swab samples were collected from 39 sloths (n = 78) and analysed using 

conventional bacteriological techniques. A generalised linear mixed model was applied to 

model the isolates’ multiple antibiotic resistance and virulence indices as a function of animal 

status. 

A considerable level of resistance was detected, especially for Citrobacter youngae and 

Escherichia coli, with 17.5% of isolates classified as multidrug-resistant. Virulence indices of 

isolates from rehabilitated sloths were significantly higher than the ones from sloths being 

hand-reared for shorter periods. 

To our knowledge, this is the first description of sloths’ antibiotic resistant Enterobacteriaceae, 

suggesting that sloths’ rehabilitation and consequent exposure to humans, may promote the 

selection of bacteria with higher virulence. Ultimately, these bacteria may represent a threat to 

human and animal health due to their zoonotic potential and AMR and virulence profiles. 
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Background: Staphylococcus pseudintermedius is the main bacterial cause of skin and soft 

tissue (SSTI) infections in companion animals, particularly dogs. The emergence of methicillin-

resistant strains (MRSP), many times associated with a multidrug resistance phenotype is a 

public health concern. This study aimed to evaluate efflux activity as a contributor to biocide 

decreased susceptibility, still poorly characterized in S. pseudintermedius.  

Methods: This study focused on a collection of 155 SSTI-related S. pseudintermedius isolated 

from companion animals. Susceptibility to the efflux pumps substrates ethidium bromide (EtBr) 

and tetraphenylphosphonium bromide (TPP) was evaluated for the entire collection by MIC 

determination. MIC distributions were analyzed and used to estimate cut-off (COWT) values by 

the ECOFFinder program. The effect of the efflux inhibitors (EI), thioridazine and verapamil, on 

EtBr and TPP MICs was assessed for 30 isolates. Real-time evaluation of EtBr accumulation 

was performed in the presence/absence of glucose, with/without EIs for ten representative 

isolates.  

Results: Estimation of COWT values allowed the detection of a non-wild-type population 

against TPP (TPPNWT) corresponding to 11.6% (18/155) of the collection. The EIs effect was 

evaluated for the 18 TPPNWT and 12 TPPWT (wild-type) isolates. EIs decreased TPP and EtBr 

MICs by 2 to 32-fold for all isolates, although the EI effect was more significant for TPP, whose 

MICs were reduced to levels of the WT population. EtBr accumulation assays, performed for 

seven TPPNWT and three TPPWT isolates, detected four TPPNWT with decreased EtBr 

accumulation (i.e., increased EtBr efflux). For three of these isolates, the EIs, particularly 

verapamil, promoted increasing EtBr accumulation. These patterns suggest the presence of 

increased efflux activity in the TPPNWT population.  

Conclusions: This work revealed reduced susceptibility to the biocide TPP, a substrate of 

staphylococcal MDR efflux pumps, in 11.6 % of a collection of SSTI-related S. 
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pseudintermedius. It also evidenced that this phenotype could be partly attributed to the 

presence of increased efflux activity. This pilot study highlights the relevance of efflux-mediated 

resistance in S. pseudintermedius and launches the methodological basis for further studies 

on the efflux activity on this important veterinary pathogen.  
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Staphylococcus pseudintermedius is the main bacterial pathogen responsible for pyoderma in 

pets. Emergence of methicillin-resistant S. pseudintermedius (MRSP) and multidrug resistant 

(MDR) strains is a public health concern. 

The aim of this study was to characterize a collection of pyoderma-related S. pseudintermedius 

regarding agr types and biofilm production, relating these traits with other phenotypic and 

genotypic characteristics, such as clonal lineage and antibiotic resistance. 

The study collection comprised 155 S. pseudintermedius, collected in Lisbon between 2014 

and 2018 from dogs and cats and previously characterized regarding resistance patterns and 

clonal lineages. agr typing was performed by PCR and sequencing. Biofilm production was 

evaluated for all isolates by the crystal violet adhesion method, testing two growth conditions: 

TSB + 1% glucose supplemented with 1% or 3% NaCl. Biofilm phenotypes were categorized 

according to the Stepanović system as biofilm producers (aggregating moderate/strong biofilm 

production in either growth conditions) and non-producers (aggregating weak/no biofilm 

production). The presence of icaADB genes was accessed by PCR. Statistical analyses were 

performed in SPSS v26 using Chi-Square test. 

The most frequent agr types were agrIII (46.4%, 72/155) and agrIV (27.1%, 42/155) whereas 

agrII and agrI were least frequently detected corresponding, respectively, to 16.8% (26/155) 

and 9.7% (15/155) of the isolates. Biofilm producers accounted for 33.6% (52/155) of the 

isolates. Of these, 21.2% (11/52) produced biofilm regardless of the NaCl concentration, while 

78.8% (41/52) presented a variable behavior, either by increasing (38.4%, 20/52) or decreasing 

(40.4%, 21/52) biofilm production in the presence of 3% NaCl.  All isolates carried the icaADB 

genes. A significant association was observed between agr type and biofilm production or 

methicillin resistance. We also observed a relation between agr type and clonal lineage, with 
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all isolates from the most frequent lineage, ST71, belonging to agrIII. Of particular interest, 40% 

of the ST71 isolates were strong biofilm producers. 

Our data suggest that, similarly to S. aureus, agr type is closely linked to clonal lineage. Biofilm 

production was a frequent trait of S. pseudintermedius, particularly by the ST71-agrIII lineage, 

predominant in Europe. Future studies will evaluate the virulence of this lineage in infection 

models. In sum, our study highlights the relevance of biofilm in S. pseudintermedius, which 

may negatively impact the management of infections caused by this pathogen. 

 

Funding: Project BIOSAFE funded by FEDER through the Programa Operacional Factores de Competitividade 
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Staphylococcus aureus is a human pathobiont, a nosocomial pathogen and a leading cause of 

morbidity and mortality. Antimicrobial resistance (AMR) in S. aureus, particularly methicillin-

resistant (MRSA), has been associated to this pathogen’s ability to establish new reservoirs. 

In this work, we aimed to extend previous knowledge on the occurrence of S. aureus in wildlife 

and disclose the drivers contributing for AMR occurrence at the human-animal-environment 

interface. Wild ungulates were used as models due to their space use patterns, large home 

ranges, feeding ecology, behavior and complex web of interactions. Animal carrier status, AMR 

phenotype, predominant clonal lineages, as well as predictors of AMR occurrence, were thus 

assessed in a systematic study. S. aureus was selectively cultured from 254 nasal swabs of 

hunter harvested (2019/2020) wild boar, Sus scrofa (n=177), red deer, Cervus elaphus (n=54) 

and fallow deer, Dama dama (n=23) in Portugal. Two MRSA from wild boar and three linezolid-

resistant S. aureus from wild boar (n= 2) and red deer (n= 1) were isolated. Clonal lineages 

like CC1, CC5 or CC8, or ST425, CC133 or CC398, respectively associated to humans or 

livestock, were predominant (42,63% of isolates). The sequence type ST544, previously 

restricted to humans, was also described in wildlife for the first time. Generalized linear mixed 

models results showed that land use (agricultural land cover), human driven disturbance (swine 

abundance) and host-related factors (females) were the most important predictors of AMR 

occurrence. These results suggest that xenobiotics used in agriculture and livestock farming 

spill over to wildlife, leading to AMR emergence, with potential biological, ecological, and 

human health effects.  

 

Funding: This work was funded by Fundação para a Ciência e Tecnologia (FCT) in the scope of project 
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and UIDP/50017/2020 + UIDB/50017/2020, respectively). BR is supported by FCT through a doctoral grant 

(DFA/BD/7777/2020). RTT is funded by national funds (OE) through FCT.  
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Background. Bacterial vaginosis (BV) is the worldwide leading vaginal bacterial infection 

commonly identified between menarche and menopause in women of all ethnicities. It is 

associated with serious health problems relating to both fertility and pregnancy. The hallmark 

of BV is the presence of a polymicrobial biofilm on the vaginal epithelium, formed mainly by 

Gardnerella spp., followed by Fannyhessea vaginae, and in a minor part by many other 

anaerobic species. It is considered that this multi-species biofilm allows BV-associated bacteria 

to show increased tolerance to antibiotics, thus leading to treatment failure and high BV 

recurrence rates. However, functional studies addressing this problem are lacking.  

Objectives. In the present study, we selected G. vaginalis, F. vaginae, and another prominent 

species in BV, Peptostreptococcus anaerobius, and aimed to understand the role that 

interactions between these species in triple-species biofilms could play on BV treatment.  

Methods. Metronidazole and clindamycin, two antibiotics recommended for the treatment of 

BV, were used against single and multi-species biofilms. Their effect on biomass, total cells 

and culturable cells as well as bacterial populations of triple-species BV biofilms was evaluated 

under in vitro conditions. Bacterial composition was assessed by genomic DNA quantification 

by qPCR. 

Results. Neither metronidazole nor clindamycin were able to eradicate the biomass of the 

triple-species biofilms, although being effective in selective single-species biofilms. Similar 

results were registered for the total and culturable cells. Interestingly, despite individual strains 

susceptibilities to antibiotics, the triple-species biofilms were mainly composed by G. vaginalis. 

Conclusions & Significance: Taken together, these results strengthen the idea that when co-

incubated, bacteria interact and therefore respond differently to the antimicrobial therapy, 

mostly promoting an overall increased to tolerance, which clearly explains the observed 

clinically high recurrence rates associated with BV. 
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Salmonella Infantis is one of the most common causes of foodborne illness. Here, we report 

the susceptibility profile of S. Infantis isolates circulating in Portugal, characterized the genomic 

traits of selected isolates and identified the presence of the pESI-like megaplasmid. 

The antimicrobial susceptibility profile of 92 S. Infantis isolated from poultry (broilers, laying 

hens, meat) between 2016-2020 was determined by broth microdilution. In addition, Whole 

Genome Sequencing was performed in 21 isolates by Illumina, and SPAdes, Prokka, BLAST 

and tools from CGE were used for genomic characterization. 

The highest frequencies of resistance were observed to fluoroquinolones (46.7%), 

sulphamethoxazole (43.5%), tetracycline (37.0%) and trimethoprim (26.1%). The colistin 

resistance was 6.0%. A variety of resistance determinants (tet1; sul1; sul3; dfrA8; dfrA14; mcr-

1.1; aac(6')-Iaa; aadA1; floR) and chromosomal mutations on gyrA (D87Y; S83F) and parC 

(T57S) were found. One ESBL-producer isolate also harboured the blaCTX-M-65 gene. Multiple 

plasmid replicons (IncFIB, IncX4 and IncX1) were present in genomes. Additionally, the pESI 

plasmid was identified in 16 isolates, of which 15 displayed antimicrobial resistance genes and 

14 showed the K88 gene carried by the megaplasmid. Over the last years, S. Infantis has 

become more prevalent in poultry flocks in Portugal, representing an increasing health hazard. 
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Salmonella Enteritidis is the main serovar responsible for human gastrointestinal infection in 

the EU. Here, we describe the susceptibility profile of S. Enteritidis of animal origin collected 

between 2014-2020 and further characterized selected strains by Whole Genome Sequencing.  

The antimicrobial susceptibility profile of 146 S.Enteritidis isolates from poultry, meat and feed 

was determined by broth microdilution. Selected isolates were sequenced by Illumina and 

bioinformatics analysis was performed using SPAdes, Prokka, BLAST and CGE tools.  

Overall, fluoroquinolones (23%) and colistin (13%) resistance were the most prevalent. 

Chromosomal mutations on gyrA (D87Y; S83F) were responsible for resistance to 

fluoroquinolones. No mcr gene or mutations in the chromosomal genes encoding resistance to 

colistin were found. One isolate was resistant to 3rd generation cephalosporins and carried 

blaCMY-2 in the IncI1-I plasmid. All sequenced strains harboured the aac(6')-Iaa gene and 

belonged to ST11. Phylogenetic analysis revealed four clonally related clusters. 

S. Enteritidis ST11 seems to be well established in the poultry industry in Portugal. Particularly 

worrisome are the levels of colistin resistance, given its current significance in human clinical 

practice. Colistin resistance of S.Enteritidis may be intrinsically related to characteristics of the 

serovar. 
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Antibiotic usage in the veterinary field has a significant impact on antimicrobial resistance 

(AMR). Here, we present an overview of the monitoring and research results obtained by the 

National Reference Laboratory on AMR.  

Prevalence and antimicrobial susceptibility profiles of Escherichia coli, Salmonella spp. 

Enterococcus faecium, E. faecalis and methicillin-resistant Staphylococcus aureus (MRSA) 

isolates were analysed. Resistance mechanisms related to extended-spectrum β-lactamases 

(ESBL), plasmid-mediated AmpC-β-lactamases, colistin and quinolone-encoding genes were 

investigated. Additionally, linezolid resistance genes (optrA and cfr) were screened in Gram-

positive strains. Whole-genome sequencing was performed in 105 selected isolates.  

Overall, a high prevalence of multidrug resistance and great diversity of ESBL mechanisms 

were recorded. The blaCTX-M-1 was the most prevalent, being blaCTX-M-2, blaCTX-M-55, and blaCTX-

M-65 identified for the first time. Colistin-resistant strains mainly carried the mcr-1 gene, but mcr-

4 was also found. Regarding Gram-positives, the optrA gene was found in linezolid-resistant 

E. faecalis, as well as in some linezolid-susceptible E. faecium and E. faecalis. Linezolid-

resistant MRSA ST398 strains carried the cfr gene. 

This work highlights the importance of continuous monitoring of AMR mechanisms and 

pathways to CIA and emphasize the added value of WGS in surveillance programs and 

research in the veterinary field.  
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The antibacterial activity of several polyoxometalates (POMs) is encouraging [1] and 

evidences the antibacterial potential of Preyssler type polyoxotungstate 

(NH4)14[NaP5W30O110] 31H2O (P5W30), however knowledge about its antiviral activity is very 

limited. In the present study the antibacterial and antiviral activity of the P5W30 against 

several bacterial strains has been investigated. 

The antibacterial activity was evaluated by agar diffusion and the Minimum Inhibitory 

Concentration (MIC) was determined by microdilution technique. The antiviral activity was 

determined by evaluating the effect of P5W30 on the infectivity of the enterovirus Q DSM 

13768. The enterovirus was multiplied in the bacterium Escherichia coli DSM 5210. The 

infectivity of the bacteriophage was determined using the microplate method and confirmed 

by the double layer agar method. The hydrolytic stability of P5W30 under the experimental 

conditions was confirmed by 31P NMR analysis. 

The P5W30 was able to inhibit the growth of the Gram - positive methicillin susceptible 

Staphylococcus aureus ATCC 6538 with a MIC value of < 100 M and for the methicillin 

resistant Staphylococcus aureus MRSA 15 and MRSA 16 this value reached 400 M and 

600 M, respectively. No significant antibacterial activity was observed against Gram 

negative bacteria. P5W30 at concentration 500 M was able to reduce the number of Plaque 

Forming Units (PFU) in 54.32 4.24 %. 

Our results evidence the antibacterial activity of Preyssler polyoxotungstate P5W30 against 

multi-resistant bacteria and the ability to inhibit enterovirus. 

 

Bijelic, A., Aureliano, M., and Rompel, A. (2018). The antibacterial activity of 

polyoxometalates: structures, antibiotic effects and future perspectives., Chem. Commun. 

(Camb)., 54, pp. 1153–1169. 

 

 



1.5 Antimicrobial Resistance in One Health: the silent pandemics 

 

343 
 

107. Bacterial urinary tract infections in pets: diversity vs antibiotic resistance and its 

significance for public health. 

 

Viktor Nikonov1, José Coucelo1 

1San Bento Veterinary Hospital, Lisbon, Portugal 

 

 

Background: Urinary tract infections are group of pathologies characterized by microbial 

colonization of normally sterile parts of the urinary tract. The most common pathogens in 

canine/feline UTI´s are bacteria, Gram-positive and Gram-negative. Due to effectively 

established zoonotic potential, proximity to humans and growing cases of resistance they 

represent a public health concern. 

Materials/Methods: Presented results referred to the 2019. Urine was collected by sterile 

techniques, from animals with suggested manifestations. Only positive urine cultures, with 

respective antibiotic sensitivity test, were considered. 

Results: 46 urine samples were processed: 32 from dogs, 14 from cats.  

Dogs: 14/43,75% E. coli (4 totally sensitive; 10 remained have variables profiles); 

   8/25% Proteus spp. (all sensitive to amoxicillin + clavulanic acid, cefovecin, gentamicin; 

resistant to tetracycline, nitrofurantoin); 

   6/18,75% Staphylococcus spp. (sensitive to sulfamethoxazole + trimethoprim); 

   3/9,4% Klebsiella spp. (all sensitive to gentamicin; resistant to amoxicillin); 

   1/3,1% Enterococcus sp. (resistant to clindamycin, enrofloxacin, sulfamethoxazole + 

trimethoprim). 

Cats: 10/71,4% E. coli (3 fully sensitive; 1 partially resistant to chloramphenicol, 1 to 

cephalothin; 5 remained sensitive to nitrofurantoin, gentamicin); 

   3/21.4% Staphylococcus spp. (variable susceptibility profiles); 

   1/7,2% Enterococcus sp. (sensitive to chloramphenicol, nitrofurantoin); 

Conclusions: Varied bacterial resistance oftenly compromises therapeutical options. Given 

the proximity to humans, the zoonotic impact needs to be addressed. Monitoring and updating 

clearly required.   
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The suitability of the One Health concept in the area of antibiotic resistance has become an 

undeniable evidence [1]. The problem has overflown out of the clinical settings and the role of 

the environmental resistome has gained particular importance. Several approaches have been 

used to identify the main players on antibiotic resistance processes; however, a broad 

overview of environmental resistome is still needed to better understand this problem. Water 

environments, in particular, are recognized as important pools of antibiotics and antibiotic 

resistance genes (ARG) [2], but the water resistome is far from being characterized. It is well 

known that antibiotic pollution affects the structure and functioning of aquatic ecosystems 

but the role of native water microbiota in ARG dissemination is poorly understood. In this 

sense, the project ExplorAR (Exploring the Aquatic Resistome) focuses on the contribution of 

cyanobacteria to AMR and is being developed by our research 

group [3,4]. ExplorAR project is aimed at (i) characterizing the antimicrobial susceptibility 

profile of cyanobacteria to commonly used antibiotics in clinical and veterinary practices; (ii) 

predicting ARG in cyanobacterial genomes; (iii) mapping the microbial 

community and ARG present on Portuguese freshwater 

reservoirs. A microdilution assay based on Eucast procedures was developed to evaluate 

the antibiotic susceptibility profile in cyanobacteria strains. High throughput sequencing (HTS) 

approaches were used to predict ARG determinates in cyanobacteria isolates and water 

samples, as well as to unveil the microbiota on Portuguese freshwater reservoirs. Preliminary 

results indicate that cyanobacteria susceptibility to antibiotics may be genus/species/habitat 

dependent and that they harbour ARG. These findings support CB involvement in 

aquatic resistome and show that CB may act as one of the players in AR dissemination 

between environment and clinics, according to the One Health perspective.  
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Background: The acquisition of β-lactamases is one of the main mechanisms described for 

emergence of antimicrobial resistance in Enterobacteriaceae. Efflux of antibiotics have been 

described to interact synergistically with other resistance mechanisms, such as β-lactamases, 

increasing β-lactam resistance levels. 

Objectives: Here, we used a MTT-based 96-well microplate method, optimized in our 

laboratory, for the fast screening of β-lactamases AmpC, extended spectrum β-lactamases 

(ESBLs), metallo-β-lactamases (MBLs), carbapenemases and the simultaneous presence of 

increased efflux activity, as proof-of-concept, using Escherichia coli, Klebsiella pneumoniae 

and Acinetobacter baumannii. 

Methods: Strains were typed by ERIC-PCR. Drug susceptibility was assessed by disc 

diffusion. Minimum inhibitory concentrations (MICs) of β-lactams were performed in the 

presence and absence the β-lactamase-specific inhibitors: cloxacillin for AmpC; clavulanate 

for ESBLs; EDTA for MBLs and boronic acid for carbapenemases. MIC of β-lactams were also 

performed in the presence and absence of the efflux inhibitors chlorpromazine and PAβN in 

combination with the β-lactamase-specific inhibitors using a 96-well broth microdilution MTT-

based method. Results were validated using the phenotypic standard methods for β-

lactamases detection by disc diffusion and the screening of genes encoding chromosomal and 

plasmid-encoded β-lactamases by PCR. E. coli ATCC 25922, K. pneumoniae ATCC 13883, 

and A. baumannii ATCC19606, were used as a quality control in the assays. 

Results: β-lactamase production was detected in all E. coli clinical strains (n=26), particularly 

the presence of AmpC and TEM with OXA-1, SHV, or CTX-M; or AmpC overexpression and/or 

plasmid-mediated AmpC production. For K. pneumoniae (n=4), CTX-M and KPC were found 

in one and three strains, respectively. Regarding A. baumannii (n=16), all strains were positive 

for MBLs, negative for KPC and positive for class D carbapenemases. We were able to reduce 

the MICS of β-lactams in presence of the efflux inhibitors chlorpromazine and PAβN in 

combination with the β-lactamase-specific inhibitors, demonstrating the co-existence of active 
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efflux of β-lactams in these strains. Complete genotypic analysis of β-lactamase-resistance 

associated genes and fluorometric efflux confirmatory assays are ongoing. 

Conclusion: This method can be easily used in a clinical microbiology laboratory allowing the 

fast-screening β-lactamases and simultaneous detection of increased efflux activity in isolates 

of clinical relevance. 

Impact of the work: This easy-to-perform cost-effective approach holds the potential to assist 

in the implementation of rapid containment measures to reduce the spread of β-lactamases 

producers whose resistance is being potentiated by efflux mechanisms. 
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Resistance to antibiotics is one of the major threats to human health worldwide, and 

understanding the mechanisms leading to resistance is urgent. In the past decade, strains of 

Clostridioides difficile with a new resistance to imipenem (IMI), a widely used antibiotic, have 

been isolated from hospitals. C. difficile is a well known gastro-intestinal pathogen, and the 

spread of resistance to IMI could lead to a new pandemic. We have identified that C. difficile 

strains resistant to IMI present point mutations in the genes coding for one or two of the 

endogenous penicillin binding proteins, PBP1 and/or PBP3, and additionally, code for an 

acquired MecA-like PBP, termed PBP5. Like MecA from S. aureus, PBP5 is only induced in 

the presence of antibiotics and its expression regulated by a two component system: BlaI/BlaR. 

In this work we show that BlaI shares the structural organization and overall shape previously 

determined for its homologues in other pathogens. In C. difficile, however, BlaI needs only an 

inverted repeat, the BlaI box, to efficiently inhibit transcription from the pbp5 promoter. Point 

mutations in either of the half-sites decrease the affinity of BlaI binding to the BlaI box in vitro 

and strongly impair repression in vivo, as shown by monitoring the expression of a Ppbp5-SNAP 

reporter fusion at the single cell level. We also show that binding to the BlaI box occurs in a 

cooperative two-step process in that one or the other half-sites is bound by a monomer which 

then helps recruiting a second monomer to the unoccupied half-site, with an overall Kd of 90 

nM. In vivo, the presence of different antibiotics promptly releases the BlaI repression, allowing 

the production of PBP5. This fast response to different kinds of antibiotics could facilitate the 

emergence and spreading of various resistances, making this system a target for potential 

medication.  
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Bacteria have several enzymes to detoxify reactive oxygen species that cause cell damage 

and death. Bacterial peroxidases are one of them and catalyze the reduction of H2O2 to water 

in the periplasm of Gram-negative bacteria. Most bacterial peroxidases studied so far are 

soluble dihemic enzymes from non-pathogenic bacteria [1]. In this work, we focused on the 

trihemic bacterial peroxidase from Escherichia coli (YhjA), and dihemic BCCP from the obligate 

human pathogen Neisseria gonorrhoeae (NgBCCP). These two enzymes are membrane 

anchored thus, soluble recombinant constructs of the globular domains were produced, purified 

and characterized. 

The physiological electron donor of NgBCCP is the Lipid-modified Azurin (LAz) (low KM value 

of 0.4 µM H2O2) [2, 3]. The NgBCCP/LAz electron transfer complex has a low binding affinity 

(micromolar range), and the interaction is dynamic and of hydrophobic nature according to 

NMR and docking studies [3, 4]. Another putative electron donor is cytochrome c2, which is a 

soluble periplasmic electron shuttle. The interaction with NgBCCP was characterized by 

bioelectrochemistry. 

YhjA has a C-terminal domain homologous to dihemic BCCPs and an additional N-terminal 

domain. YhjA has quinol peroxidase activity in vitro assays (with millimolar range KM values) 

using hydroquinone and menadiol (menaquinol analogue), as electron donors [5]. Mutants in 

the putative axial ligands of the additional heme show that this heme is required for catalytic 

activity (unpublished data). 

 

Acknowledgments: This work was supported by Fundação para a Ciência e Tecnologia by national funds: 

PTDC/BIA-PRO/109796/2009 and PTDC/BIA-BQM/29442/2017 to SRP, UIDP/04378/2020 and 

UIDB/04378/2020 to Applied Molecular Biosciences Unit – UCIBIO, and LA/P/0140/2020 to i4HB. 
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Staphylococcus aureus (S. aureus) is a major human pathogen responsible for a broad 

spectrum of infections with significant morbidity and mortality which has acquired resistance to 

most conventional antibiotics. Endolysins are alternatives to antibiotic therapy as they can act 

as potent bactericidal agents against antibiotic resistant strains [1]. The phage lysin Twort is a 

chimera of 53-kDa with specific bactericidal activity towards S. aureus [2] with the N-terminal 

domain belonging to the CHAP family [3]. This domain was cloned and successfully expressed 

in E. coli; the purified protein showed lytic activity towards S. aureus suspensions. The structure 

of this domain was determined by NMR and belongs to the (α+β) structural class – N-terminal 

contains α-helices and the C-terminal contains β−strands. Ala and Ser mutants of cysteine at 

the active site were made and showed no lytic activity. Coprecipitation assays showed that 

these inactive proteins bind S. aureus peptidoglycan tightly. NMR titrations of the wt and the 

mutant domains with fragments of S. aureus peptidoglycan allowed us to identify residues 

involved in the interaction. Alanine screen of these residues was made and the mutant proteins 

were assayed for lytic activity that identified residues essential for substrate recognition. SPR 

experiments with immobilized inactive protein showed that the interaction with the 

peptidoglycan fragments was lost when the peptide component was fragmented. 

 

Fischetti VA (2010). Int J Med Microbiol, 300(6): 357–362 
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Staphylococcus aureus are among the most important multidrug resistant bacteria causing 

acute human infections worldwide with significant healthcare costs, morbidity and mortality. 

MRSA strains are largely disseminated and with the increase in use of the last resort drugs 

(e.g, linezolid) new strains are emerging. Endolysins have a rapid mode-of-action and their 

proteinaceous nature differentiates them from all other classes of antibiotics and have now 

entered clinical trials. Their modular nature and unique cell wall binding domains are being 

tailored in the development of therapeutic, detection and diagnostic tools.  

Twort endolysin is a bacteriolytic enzyme targeting peptidoglycan with specific activity towards 

S. aureus, including MRSA strains. It is comprised of two catalytic domains, with 

endopeptidase and amidase activities, and a C-terminal domain (CBD) that targets S. aureus 

peptidoglycan. The 3D structure of the CBD was determined by NMR and revealed a SH3b-

type fold. This fold has been associated with domains that bind to S. aureus peptidoglycan, 

like the CBD of lysostaphin [1]. Peptidoglycan interaction was monitored using 1H-15N HSQC 

titrations of the 15N-CBD protein with a mixture of muropeptides with different oligomerization 

states (from monomers to trimers). Chemical shift analysis identified two unrelated and distinct 

regions on opposite sides of the domain involved in muropeptide interaction. Comparative 

analysis to the lysostaphin homolog enabled us to identify region I involved in the binding of 

the pentaglycine cross-bridge and region II responsible for binding of the peptide stem of S. 

aureus peptidoglycan [1]. In addition, residues in the distal loop of the CBD were affected by 

muropeptide binding. Preliminary analysis suggests that these residues can be involved in 

binding to a second peptide stem on the amino-terminal side of the pentaglycine bridge. 

Residues on the distal loop suffered site directed mutagenesis and the modified proteins are 

being tested in a co-precipitation assay with peptidoglycan sacculi from S. aureus. These 

results will shed light on a unique cell wall recognition mechanism important for the bactericidal 

activity of this enzyme. 
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Bone and implant-related infections caused by Staphylococcus aureus, including methicillin-

resistant strains, remains one of the main concerns in modern orthopedic surgery being 

considered a significant cause of morbidity and mortality worldwide. The rapid increase of S. 

aureus antimicrobial resistance together with their impact in healthcare, highlights the urgent 

need of alternative therapeutic compounds, eventually with new modes of action, lesser prone 

to yield resistance. We have recently demonstrated that novel alkylaminophenols (NiPharmins) 

are promising effective antibacterial agents against several multi-resistant Gram-positive 

bacteria, including S. aureus, at concentrations that are not cytotoxic. Herein, we evaluated the 

ability of NiPharmins to induce antimicrobial resistance against multiple circulating S. aureus 

isolates. S. aureus isogenic clones were continuously propagated in vitro without and under a 

NiPharmin sub-inhibitory concentration. Phenotypic tests, coupled with whole genome 

sequencing were used to assess the putative acquisition of resistance under this selective 

pressure scenario and identify the putative resistance mechanisms. As a proof-of-concept, the 

same procedure was performed with rifampicin, an antibiotic widely used in combination 

therapy against orthopedic implant-related infections. The rapid emergence of rifampicin 

resistance has been reported and was suggested to derive from oxidative stress-induced 

mutagenesis. For NiPharmin, the MIC (0.488 µg/mL) remained unchanged during the whole 

assay (50 passages). This behavior highly contrasts with rifampicin, for which resistant clones 

started to appear soon after the 2nd passage, reaching MICs up to 4000-fold higher for some 

clones at the end of the assay. Comparative genomic analysis between S. aureus isogenic 

clones propagated under NiPharmin pressure versus the original isogenic clone confirmed the 

absence of resistance-associated mutations. However, in the rifampicin pressure assay, 

multiple mutations were observed on the rpoB gene (encoding the RNA polymerase β-subunit), 

which are known to be associated to differential susceptibilities to rifampicin. The strong 
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antimicrobial activity of NiPharmin together with its low toxicity and apparent lack of potential 

to induce antimicrobial resistance makes this compound a promising therapeutic alternative for 

the prevention of S. aureus infections. 
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Streptococcus agalactiae is a leading cause of morbidity and mortality in neonates. Vertical 

transmission from colonized mothers during labor is currently prevented by intrapartum 

antibiotics prophylaxis. However, some second-line antibiotics have already been discontinued 

due to the dramatic increase of antimicrobial resistance, and resistance to first line and even 

third-line antibiotics has been emerging and increasing. With no vaccine available, it’s 

important to find new alternatives. We have previously shown that the quaternary ammonium 

surfactant dodecyl-pyridinium bromide (C12PB) is bactericide against S. agalactiae at 

concentrations that do not affect the commensal flora and epithelial cells of the vaginal mucosa. 

To get a step further in validating C12PB as a good prophylactic compound, we evaluated its 

ability to induce antimicrobial resistance against S. agalactiae.  

Isogenic clones were continuously propagated without and under C12PB sub-inhibitory 

concentrations. Phenotypic tests coupled with WGS of the populations exposed to such 

conditions were used to identify the emergence and putative mechanisms of resistance. As a 

proof-of-concept, the same procedure was performed with erythromycin, an antibiotic used in 

S. agalactiae intrapartum prophylaxis. Contrarily to erythromycin, where MIC (0,125 µg/ml) 

doubled after 7 passages and increased up to >2000-times after 56 passages (end point), the 

appearance of resistance to C12PB was not observed during the assay, which was also 

confirmed at the genome level. On the other hand, for erythromycin, genome comparison 

against the original clone revealed multiple mutations on ribosome-associated genes (including 

the 23SrRNA methyltransferase and the 50S ribosomal protein L22) or regulatory regions that 

seemed to be associated with antibiotic resistance acquisition. 

Together with the previous results, these findings highlight C12PB as a promising candidate for 

the prevention of S. agalactiae vertical transmitted infections, contributing to minimize the 

global burden of antimicrobial resistance.  
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Introduction 

Enterobacteriaceae are a major public health threat due to their capacity to spread antibiotic 

resistance genes. Carbapenem-resistant Enterobacteriaceae (CRE) are the most important 

cause of nosocomial infections in Portugal, worldwide and treatment options for CRE infections 

are limited. Additionally, they carry a plethora of virulence factors.  

Food production animals have been described as reservoirs of CRE and resistance 

determinants worldwide. But, epidemiological links between CRE from food products and 

hospital are elusive. Moreover, no information exists on CRE prevalence in the food production 

chain in Portugal. 

We aimed to assess the extent of dissemination of CRE clones and their resistance genes 

between pig meat products and hospitals in Portugal. 

Material and Methods 

CRE isolates collected from a slaughterhouse in Portugal, in 2019 were characterized for their 

antibiotic susceptibility profile (n=44) by disk diffusion and microdilution. The genus/species 

identification was confirmed by 16S sequencing. To compare their genomic content in antibiotic 

resistance and virulence genes we sequenced the whole genome of representative isolates 

(n=19) by Illumina NextSeq and performed a bioinformatic analysis (INNUca v3.1 and 

ABRicate). 

Results  

We identified Enterobacter spp. (n=10), Escherichia spp. (n=10), Serratia spp. (n=7), Hafnia 

spp. (n=6), Citrobacter spp. (n=4), Pantoea spp. (n=2), Klebsiella spp. (n=1), Shigella spp. 

(n=1), and Aeromonas spp. (n=3). The majority of the isolates (79,5%, n=35/44) were 

multidrug-resistant (>3 antibiotic classes). Moreover, 45% (20/44) showed resistance to colistin 

(MIC>8 mg/l). Genomic analysis showed that the great majority of CRE (73,7%, n=14/19) 

carried a diversity of class C (AmpC) β-lactamases [ACC-3 (n=1), ACC-7 (n=1), ACT-2 (n=3), 

ACT-5 (n=1), ACT-14 (n=1), CFE-1 (n=2), CMY-2 (n=1), CMY-53 (n=1), MOX-4 (n=1), MOX-6 
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(n=1) and SST-1 (n=2)]; class A [CARB-2 (n=1), SHV-187 (n=1)], class D [OXA-724 (n=1), 

OXA-247 (n=1)] and class B [cphA-7 (n=1)] - some previously associated to CRE causing 

infections. Only cphA-7 is classified as carbapenemase. Out of the 10 colistin-resistant isolates 

that were sequenced, three carried the gene mcr-10, but no colistin-resistance determinant 

was found in the remaining isolates (n=7/10). We found 264 different virulence factors related 

to motility (41,7%), chemotaxis (3,8%), secretion system (22,3%), iron acquisition (10,6%), 

capsule (9,8%), toxins (7,5%), efflux pumps (2,75%) and porins (1,1%). We also identified 

Escherichia coli ST410 (n=1) and Klebsiella pneumoniae ST60 (n=1), clonal types previously 

described in human nosocomial infections. 

Conclusion 

The pig meat production chain constitutes a potential reservoir for Enterobacteriaceae some 

of them pathogenic to humans and with genes conferring resistance to last-resort antibiotics. 
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Staphylococcus aureus is a Gram-positive pathogen. The so-called methicillin-resistant S. 

aureus (MRSA) strains are of special concern, due to their ability to resist beta-lactam 

treatment. Beta-lactams, along with other antibiotics, target the cell wall, an essential bacterial 

structure comprised of a large polysaccharide matrix, called peptidoglycan. One strategy used 

by S. aureus to face the effects of cell wall targeting antibiotics requires the activation of the 

Cell Wall Stress Stimulon (CWSS). CWSS allows a coordinated response of multiple genes, 

that depends on the triggering of the three-component regulatory system VraTSR. We have 

constructed a reporter strain where the expression of the fluorescence protein GFP was placed 

under the control of the VraTSR promoter, to analyse its expression at the single cell level. 

Interestingly, expression of vraTSR in the presence of antibiotics that target cell wall synthesis 

was found to be heterogeneous. We tested if cells expressing higher levels of vraTSR were 

more tolerant to the presence of antibiotics. We found that there is no correlation between of 

vraTSR expression levels and time of death after addition of antibiotics.   
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Over the last decades the scientific community provided multiple evidence of the widespread 

environmental distribution of contaminant antibiotic resistant bacteria and antibiotic resistance 

genes (ARGs). However, the factors that determine the rate of survival of clinically relevant 

bacteria in open environments, and thus the associated human risks, cannot be predicted. In 

this study, we aimed to test three hypotheses regarding the exposure to lethal/sublethal shock 

conditions, specifically temperature, ultraviolet (UV-C) irradiation, and hydrogen peroxide 

(H2O2). The hypotheses were that i) clinical and environmental (municipal wastewater, hospital 

effluent or surface water) antibiotic resistant strains of Escherichia coli and Klebsiella 

pneumoniae would resist differently when challenged; ii) isolates that resist to one can also 

stand the others, suggesting a multi-stress response capacity; and iii) stress tolerance might 

be associated with other pheno- or genotypic features of the isolates. 

The survival of 100 cefotaxime-resistant E. coli and 60 3rd generation cephalosporin-resistant 

K. pneumoniae isolates exposed to temperatures above 50 ºC (30 minutes), UV-C radiation 

(30 to 90 seconds), or up to 400 mM H2O2 (15 minutes) was evaluated based on the capacity 

to grow (18 h, 37 ºC) after those sublethal conditions. 

No significant differences in stress tolerance were observed between clinical and 

environmental isolates. The harshest conditions (57 ºC for E. coli and 53 ºC for K. 

pneumoniae), 90 seconds of UV-C exposure or 400 mM H2O2 were not lethal only to a minority 

of strains (2/50 clinical and 3/50 environmental E. coli; 2/34 clinical and 3/26 environmental K. 

pneumoniae). The search for pheno- or genotypic features that might be associated with stress 

tolerance (e.g., multi-locus sequence type, phenotypic or genotypic profiles of antibiotic 

resistance, or plasmid number, type or size) did not evidence clear associations.   

These preliminary results suggest that i) clinical and environmental isolates may have identical 

behaviours when exposed to sublethal stress conditions; ii) the tolerance to temperature and 
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to H2O2 in E. coli, as well as the tolerance to temperature and to UV-C in K. pneumoniae, might 

be associated in some isolates; and iii) stress tolerance may be independent of the phylogeny, 

pattern of acquired ARGs or other physiological, genetic traits. Further studies will contribute 

to unveil how the genetic content and gene regulation are balanced to explain the distinct 

patterns of stress tolerance. 
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Antimicrobial peptides (AMPs) and ionic liquids (ILs) can act as promising antimicrobial agents 

to tackle antibiotic resistance.  

In the present work, we aimed at boosting the therapeutic potential of AMPs (BP100 and W-

BP100 [1,2]) through their covalent and non-covalent conjugation to 1-dodecyl-3-

methylimidazolium bromide ([C12mim]Br), an IL reported to have intrinsic antibacterial and 

antibiofilm properties [3]. The IL was covalently linked to the N-terminus of the AMPs using 

click chemistry [4]. To assess the role of the IL’s alkyl substituent, 1-methylimidazolium bromide 

was also included in the study.  

The covalent conjugates holding the 12-carbon alkyl chain, showed a potent broad-spectrum 

activity against susceptible and multidrug-resistant bacterial strains, improving the antibacterial 

action of BP100, but not of W-BP100. Non-covalent equimolar mixtures showed similar or 

improved bioactivity when compared to free AMP and were less haemolytic than their covalent 

congeners. Relevantly, the equimolar mixture of W-BP100 with the [C12mim]Br IL showed a 

decrease in haemolysis comparing to free AMP. Conjugation with the 1-methylimidazolium IL 

did not affect the antibacterial and cytotoxic properties of the peptides. 

We can conclude that non-covalent conjugation of the [C12mim]Br IL can mitigate the cytotoxic 

effect of W-BP100, while the antimicrobial activity was preserved or even enhanced when 

compared to the covalent counterparts. 
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Staphylococcus aureus is an important agent of skin and soft-tissue infections (SSTIs) in both 

humans and animals, commonly harboring several virulence factors and antibiotic resistance 

traits. This work aims to characterize two collections of SSTI-related S. aureus isolated from 

humans or pets, according to agr type, presence of Panton–Valentine Leucocidin (PVL) 

encoding genes and ability to produce biofilm. 

The study included 89 S. aureus isolated from ambulatory patients (n=34), or companion 

animals (n=55) in the Lisbon area. All isolates were previously characterized according to 

clonal lineage and antibiotic resistance phenotypes. agr typing was performed by multiplex 

PCR, while lukS-lukF and icaABD genes were screened by PCR. Biofilm production was 

evaluated by the crystal violet adhesion assay, testing two growth conditions: TSB + 1% 

glucose with/without 3% NaCl. Biofilm phenotypes were classified according to the Stepanović 

criteria as biofilm producers (aggregating moderate/strong biofilm production in either growth 

condition) or non-producers (aggregating weak/no biofilm production). Statistical analysis was 

performed by the 2 test (SPSS). 

Similar distributions of agr types were found amongst the two collections, in which agrI was the 

most frequently detected (human: 59%; animal: 71%), followed by agrII (human: 38%; animal: 

24%) and agrIII (human: 3%; animal: 4%). A single animal isolate carried agrIV. Biofilm 

production was detected for 57/89 (64%) isolates, 18 of which from humans (53%, 18/34) and 

39 from animals (71%, 39/55). Among the biofilm producers, the effect of NaCl was variable, 

either inducing biofilm production (humans: 38%; animals: 15%), inhibiting its production 

(humans: 6%; animals: 33%) or showing no effect (humans: 9%; animals: 24%). The icaABD 

genes were detected in all strains. The PVL-encoding genes lukS-lukF were detected in 21% 

(7/34) of human and 2% (1/55) of animal isolates, associated with the methicillin-resistant 

(MRSA) lineage ST8-agrI, and methicillin-susceptible lineages ST152-agrI, ST30-agrIII and 
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ST121-agrIV. Biofilm production, agr type, PVL carriage or antimicrobial resistance were not 

statistically associated. 

This study revealed a high frequency of biofilm production in SSTI-related S. aureus from 

human or animal origin and a higher carriage of PVL determinants among human isolates. 

Future studies on infection models will assess the virulence of PVL+ and/or biofilm+ strains. 

Our findings strengthen the role of virulence traits in the development of S. aureus SSTIs in a 

One Health context. 
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Objective: Evaluate the faecal frequency and co-carriage of ESBL/pAMPc and 

Carbapenemase encoding genes in Enterobacterales, as well as plasmid-mediated colistin 

resistance in healthy companion animals and their human’s household members. 

Materials/methods: Between 2018 and 2020, faecal samples from healthy companion 

animals from 41 households were collected, as well as samples from their human household 

members Informed consent was obtained. Samples were plated onto MacConkey agar plates 

containing 1.5µg/mL cefotaxime, 1.0 µg/mL meropenem and SuperPolymyxin medium. 

Susceptibility tests were performed by microdilution with SensititreTM FRCOL (Thermo Fisher 

Scientific) for colistin and MicroScan® Neg MIC Panel Type 44 (Siemens, Sacramento, CA, 

US) for other antimicrobials, according to EUCAST 2021 guidelines. Beta-lactam and plasmid-

mediated colistin resistance (mcr-type) genes were screened by PCR and sequenced. Species 

identification was performed by PCR and 16S rRNA gene sequencing.  

Results: Three dogs (n= 40, 7.5%) presented MDR Escherichia coli strains harbouring the 

mcr-1 gene, with colistin MICs of 4 mg/L. No humans carried colistin-resistant 

Enterobacterales; no carbapenem-resistant Enterobacterales were found in either animals or 

humans. 

Third-generation cephalosporin-resistant (3CG-resistant) Enterobacterales were detected in 

seven dogs (n= 40, 17.5%), one cat (n= 18, 5.6%) and 11 humans (n= 58, 18.97%); seven of 

these 3CG-resistant isolates presented multidrug-resistant (MDR) profile (three isolates from 

dogs and four from humans). 

In 4 households (n= 41, 9.76%), at least one clinically important antimicrobial resistance gene 

was detected simultaneously in companion animal/owner pairs: i) the blaCTX-M-15 gene in E. coli 

strains from a cat and owner (household PT011); ii)  the blaCMY-2 gene in E. coli strains from a 

dog and owner (household PT103); iii) the blaCTX-M-32 in E. coli strains from a dog and owner 

(household PT056); iv) finally in one household (PT048), MDR E. coli strains from a dog and 

its owner presented the blaCTX-M-55 + blaCMY-2 genes. 

Conclusion: The identification of ESBL/pAMPc and mcr-1 genes in MDR Enterobacterales 

from healthy companion animals is of great concern. The co-carriage of clinical important 
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antimicrobial resistance genes between humans and their companion animals may contribute 

to a major public health problem, allowing the wide dissemination of these genes into the 

community setting and should not be neglected.  
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In aerobic pathogens, the presence of oxygen and metals, as copper, is essential to accomplish 

several metabolic functions, from generation of energy to participation as co-factors of 

enzymes in essential biochemical pathways. Nevertheless, their presence must be tightly 

regulated to prevent cell damage. The reduction of molecular oxygen to water or in the 

presence of high concentrations of copper, toxic intermediates can be produced due to the 

Fenton reaction, such as superoxide, hydrogen peroxide and hydroxyl radical, the so-called 

oxygen reactive species (ROS). ROS promote oxidative stress in bacteria with deadly 

consequences and to survive, bacteria must detoxify ROS or readjust its metabolism. 

In the human pathogen E. coli, H2O2 detoxification is accomplished by different enzymes with 

the peroxidase YhjA playing an important role in this process under anoxic conditions. YhjA 

has three heme domains and quinol peroxidase activity, localized at the periplasm and 

anchored to the membrane by a transmembrane helix. YhjA protects bacteria from both the 

H2O2 endogenously produced by the electron transfer chain and from the H2O2 exogenously 

encountered during infection. This highlights the necessity of a deep characterization of the 

YhjA catalytic mechanism, which was preliminarily achieved with a truncated variant lacking 

the N-terminal transmembrane helix. To better characterize YhjA we cloned, performed site 

directed mutagenesis, and purified the native membrane bound YhjA to determine the role of 

the transmembrane helix and to identify the quinol binding site residues of the protein. 

Regarding copper resistance, much work has been developed in the human pathogen S. 

aureus that resists to high concentrations of copper found in host’s brain, lungs and in the liver 

precisely to protect these sites from infection. Our aim was to study the resistance to the 

oxidative and metal stress induced by copper in four strains of S. aureus with different 

mechanisms of resistance to copper and diverse genetic organizations of these resistance 

determinants. For that, we analysed the production and composition of biofilms of these strains 
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in the absence and in the presence of different concentrations of copper. Moreover, we 

analysed the effect of copper in the re-sensitization of these strains to the beta-lactam 

antibiotics. 

 

This work was supported by Fundação para a Ciência e Tecnologia by national funds: PTDC/BIA-

BQM/29442/2017 (to SRP), and UIDP/04378/2020 and UIDB/04378/2020 to UCIBIO. 
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Objectives: 

The control of carpapenemase-producing Klebsiella pneumoniae (CPKp) remains a great 

challenge for infection control in healthcare settings worldwide. The reliability of IR Biotyper 

(Bruker,Germany), a strain typing tool based on infrared spectroscopy for outbreak 

identification has been demonstrated, but its usefulness for active surveillance has been 

questioned by reproducibility problems. We aimed to evaluate the performance of IR Biotyper 

for long-term surveillance using a collection of clinical CPKp strains from the onset of 

carbapenemase spread in a reference tertiary-care Portuguese hospital.  

 

Methods: 

A total of 490 previously characterized CPKp clinical isolates from infection sites (n=180) or 

rectal colonization (n=310) of 341 patients were selected to represent different types of 

carbapenemases (KPC, OXA-48, NDM), patients and isolates throughout time (67 in 2016, 69 

in 2017, 124 in 2018, 108 in 2019, 122 in 2020). They represent 30% of a total of 1634 CPKp 

clinical samples (573 infection/1061 colonization) isolated from 1141 patients during a five-year 

period (2016-2020). IR-Biotyper spectra were acquired according to manufacturer instructions, 

with slight adjustments for hypermucoviscous isolates and parameters for spectra analysis. 

Wzi sequencing and MLST were used as reference methods in representative isolates. 

 

Results: 

Isolates were grouped in 9 clusters by IR-Biotyper (cutoff:0.3) whereas two of them were 

grouped by molecular data: C11-ST147/K64 (63%;n=311); C6-ST716/KL110 (8%;n=40); C10-

ST15/K24 (7%;n=36), C1-ST15/K19 (6%;n=28), C5-ST11/KL25 (5%;n=24), C7-ST45/K24 

(5%;n=25), C9-ST307 (3%;n=13), C4-ST11/KL105 (3%;n=13). These clones were variably 

associated with diverse carbapenemases and circulated in different time periods. ST147/K64 
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was the first to emerge and it was detected throughout the whole period, mostly as KPC 

producer (99%).  

ST11/KL25 (OXA-48-72% and KPC-28%) and ST45/K24 (KPC-61% and OXA-48-39%) 

circulated mostly between 2016 and 2018. ST15/K24 and ST15/K19 were steadily identified 

(2016-2010) mainly producing respectively OXA-48 (80%) or KPC (86%). ST11/KL105 was 

mostly associated with NDM (83%), increasing since 2017. ST307/KL102 produced mostly 

OXA-48 (80%) between 2017 and 2019. ST716/KL110 was the last to be introduced producing 

both OXA-48 and KPC (84%). 

 

Conclusions: 

Although IR-Biotyper has been developed for outbreak management, it showed overall a good 

performance when comparing a longitudinal, retrospective collection of isolates altogether. It 

allowed to identify large clusters of CPKp isolates though molecular data and experience from 

the operator was needed to support clusters assignment. This supported analysis allowed to 

identify the dynamics of international CPKp clones circulating with variable carbapenemases 

throughout time, but more studies are needed to demonstrate its accuracy for active 

surveillance in real-time.  
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Objective: To establish a hygiene and monitorization program for small animal veterinary 

practices (SAVPs). The goals included the evaluation of the disinfecting and infection control 

protocols and the detection of multi-drug resistant bacteria (MDR) in SAVPs.  

Materials/Methods: Two SAVPs were until now enrolled. Total bacterial count (CFU/cm2) from 

important SAVP environmental surfaces (waiting room scale, surgical tables, consultation 

rooms, laptop keyboards, doorknobs) were analysed by contact plates and by liquid swabs in 

a limited area of 100 cm2. An effective cleaning routine was considered with < 2.5 CFU/cm2. 

Nasal and rectal swabs were voluntarily obtained from veterinarians, nurses and auxiliary staff 

working and inoculated in BHI agar. Nasal and gut carriage was considered when direct growth 

was obtained. All swabs (environmental and human) were plated on specific media selective 

for resistant bacteria: ESBL, CPE, Colistin-Resistance; Methicillin-Resistant Staphylococcus 

(MRS); MDR Acinetobacter; and VRE. Staphylococci isolates species were assessed by 

multiplex PCR and screened for the presence of mecA and mecC genes. SCCmec and MLST 

typing was performed.  

Results: Although SAVP A had an effective disinfecting routine (average of 0.54 CFU/cm2), 

the waiting room scale failed to meet the criteria established for disinfection (>100 CFU/cm2), 

with the identification of a MR Staphylococcus pseudintermedius (MRSP) mecA positive strain 

in that surface. In the supporting surgical table, which had met the disinfecting criteria (< 2.5 

CFU/cm2) an MRSP strain mecA positive was also found. Laptop keyboard, examination table 

and the anaesthetic device had Coagulase negative MRS isolates. SAVP B had an effective 

disinfecting routine in all surfaces analysed (average of 0.34 CFU/cm2), however MR 

Staphylococcus epidermidis (MRSE) were found in a table and laptop keyboard in the 

treatment ward. MR Staphylococcus aureus (MRSA) nasal human carriage was present in 2 

out of 34 individuals (5.88%), one in SAVP A (ST22-SCCmecIV) and the other in SAVP B (ST8-

SCCmecVI). MRSE nasal human carriage was only found in SAVP A (n=2/17, 11.8%). Direct 
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growth of rectal swabs yielded no multi-drug resistant bacteria, but after 24h growth in 

supplement media, MRSA was found in 2 out of 15 people (13.33%) – the same individual with 

nasal carriage in SAVP A (ST22-SCCmecIV) and the other in SAVP B (ST105-SCCmecIV). 

Conclusions: Evaluation of the disinfecting protocols in the 2 studied SAVPs was positive. 

Yet, MRS in the environment and human carriage was an important finding. Veterinary 

healthcare hygiene and monitorization programs are important, allowing effective infection 

control SAVP target guidelines.  

 

Funding: This study was financed through CIISA and FCT Project UID/CVT/00276/202; JMS holds a FCT PhD 

Grant 2020.06540.BD;JM holds a FCT PhD grant 2020.07562.BD. 
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Background: Cephalosporin-resistant Enterobacterales are reported worldwide and represent 

threats to human health in hospital settings but also in community. The present study evaluated 

the presence of oxyimino-beta-lactam resistant Enterobacterales in water samples of Douro 

River from urban areas with high anthropogenic activities in Porto urban area, Portugal.  

Materials/methods: Ten samples of river water were analysed. A total volume of 100mL of 

water was filtered using a cellulose acetate membrane with 0,2 µm of porosity in duplicate. 

Membranes were transfered to MacConkey agar, MacConkey agar supplied with ampicillin 

(100µg/ml) and cefotaxime (2µg/ml). Typical coliform colonies were streaked in the same type 

of media. Antimicrobial susceptibility was adressed by disk-diffusion-method according to CLSI 

standards. Phenotypic ESBL and AmpC confirmation was done by DDST, cefotaxime with 

clavulanic acid and cefoxitin with cloxacillin disks. Presumptive identification of selected 

isolates was achieved by CHROMagar Orientation and confirmed by API-20E. 

Results: Forty-six antibiotic resistant Enterobacterales isolates were obtained with antibiotic 

selection, showing resistance to cefotaxime (30/46), ceftazidime (29/46), cefoxitin (18/46), 

cefepime (9/46), ciprofloxacin (16/46), tetracycline (11/46), chloramphenicol (5/46) and 

sulfamethoxazole+trimethoprim (6/46). A total of 33 isolates showed a MDR phenotype. Six 

selected isolates were ESBL producers being 4 Escherichia coli and 2 KESC group. For AmpC 
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producers, 5 isolates were selected, 3 E. coli, 1 Klebsiella pneumoniae and 1 Enterobacter 

cloacae. 

Conclusions: The presence of cephalosporinase producing bacteria in environment, by itself, 

creates a public health problem due to the potential risk for human health. But the relevance 

of this detection is highlighted by the origin of this water samples from locations with high 

human impact. This reality may suggest that urban river waters can reflect the community 

intestinal colonization acting as a sentinel of anthropogenic environmental influence. 
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The emergence of pathogenic bacterial strains that are resistant to most available antibiotics 

is a concern for public health [1]. This is the case of the major human pathogen Staphylococcus 

aureus, namely the methicillin resistant Staphylococcus aureus strains (MRSA) responsible for 

high rates of morbidity and mortality worldwide in the hospital settings but also in the 

community. MRSA are, virtually, resistant to all the antimicrobial classes clinically available. 

Thus, there is a need to develop new antimicrobial compounds, for which metallodrugs have 

demonstrated promising results in in vitro studies. Silver and copper are known to possess 

antimicrobial proprieties since antiquity and are excellent candidates as potential germicides 

due to high abundance, relatively low price when compared to other metals, and low toxicity. 

Complexes of Ag and Cu using N-heterocyclic (NHC) carbenes, as a mean to stabilize the 

metal, potentiate in some cases an increase in their bactericidal activity. 

Herein we present a new family of Ag(I) and Cu(I) complexes bearing NHC carbenes with an 

acenaphthene backbone. The activity of both the ligands and complexes will be studied against 

the Gram-positive bacteria S. aureus, namely in four different strains representing different 

ecological origins, phenotype of resistance to beta-lactam antibiotics and different genetic 

organizations of the copper resistance determinants. Additionally, this activity was also 

determined against the Gram-negative pathogen E. coli to address the effect of the compounds 

in different bacterial membrane compositions. 

The antimicrobial activity of complexes and ligands was screened by disk diffusion. Those with 

higher activity were selected and, their minimum inhibitory concentration was estimated. The 

impact of the ligands and complexes were additionally evaluated regarding its capacity to 

prevent the formation of biofilms and in its disintegration. 
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Background: Several fluorometric methods exist to measure efflux pump (EP) activity but 

none can evaluate the existence of competition between EP substrates. 

Objectives: Optimize a real-time fluorometric method in a high-throughput format in 96-well 

microplates using the lipophilic dye Red Nile (RN) to measure competition between AcrAB-

TolC substrates. 

Methods: RN was used as fluorophore/competitor, carbonyl cyanide-m-

chlorophenylhydrazone (CCCP) to de-energize cells and glucose as energy source. 

Escherichia coli strains tested: AG100, with AcrAB-TolC active; AG100A, AcrAB-TolC 

inactivated, AG100tet AcrAB-TolC overexpressed, ATCC25922 and five clinical strains. 

Substrates tested: gentamicin, oxacillin, doxorubicin, chloramphenicol, erythromycin, 

doxycycline, tetracycline, tetraphenylphosphonium bromide, acriflavine and safranin. The 

efflux inhibitors were chlorpromazine (CPZ) and phe-arg-β-naphthylamide (PAβN). Substrates 

were tested from the MIC to 1/8 MIC. MICs were determined by broth microdilution. 

Results: All substrates interfered (reduce or increase) with RN retention in all strains as 

follows: efflux of RN was affected by tetracycline and safranin in the presence of CPZ and 

CCCP but not in presence of PAβN. The EIs had no effect in the acrAB-deficient AG100A but 

were able to inhibit efflux in the acrAB overexpressing strain. CPZ and CCCP inhibit RN efflux 

in a dose dependent manner. The study also showed that safranin, in a concentration 

dependent manner, was the major competitor of RN efflux. The remaining substrates promoted 

some level of RN accumulation, varying according to the strains tested and the concentration 

of substrate, but do not reach the same levels promoted by safranin. Besides safranin, 

chloramphenicol and erythromycin were the substates that increase the accumulation of RN in 

most of strains. Doxorubicin and PAβN were the substrates that less accumulation promoted. 

Discussion: When an agent is capable to interfere with the retention of RN, it presents a level 

of competition for an EP. We hypothesize that if the degree of RN accumulation produced is at 

the same level of that with the substrate, most probably they are being effluxed by different 

EPs; if the levels of RN accumulation increase, they are competing for the same site on the 
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pump; and when the efflux of RN increases, the substrate is exerting its effect at a different site 

since it is expelling preferentially RN. 

Impact of the work: This method will allow a concrete understanding of EP substrate binding 

and competition and bring new insights on the mechanisms of EP function and the mode of 

action of new and older drugs. 

Funding: FCT grants PTDC/BIA-MIC/30692/2017; UID/Multi/04413/2020 
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Background: The global spread of bacterial multidrug resistance (MDR) is a serious threat to 

public health leading to an increase in mortality and morbidity as the result of ineffective 

therapies. Escherichia coli drug resistance has become a worldwide issue due to the presence 

of MDR efflux pumps (EPs).  

Objective: Evaluate the applicability of Hoechst 33258, a fluorescent molecule less toxic than 

ethidium bromide (EtBr), to measure efflux activity in E. coli.    

Methods: Were tested 27 E. coli clinical isolates, three control strains differing on the levels of 

efflux (AG100, AG100A and AG100tet) and the reference strain ATCC25922. Antibiotic 

susceptibility testing was performed by Kirby-Bauer. Determination of MICs of antibiotics, 

biocides and dyes was performed in presence and absence of efflux inhibitors (EIs). 

Quantification of efflux activity was measured through accumulation and efflux of Hoechst 

33258 using a semiautomated fluorometric method on a 96-well plate format for the Synergy 

HT microplate reader. The results were compared with those obtained with the semiautomated 

fluorometric method for use within the fluorimeter Rotor-Gene 3000, as reference. 

Results: Among the isolates studied, 12/27 were MDR. All isolates show resistance to β-

lactams except one that show resistance to extended-spectrum cephalosporins. MDR isolates 

presented resistance to quinolones, chloramphenicol, tetracyclines and/or aminoglycosides. 

All were susceptible to carbapenems and tigecycline. Resistance to carbapenems and 

tigecycline was not detected. Among the four Els tested (PAβN, CCCP, NMP and CPZ), PAβN 

was the one the most efficient in reducing the MICs of antimicrobials. The EIs that promote 

significant inhibition of efflux of Hoechst 33258 were CPZ and CCCP. Hoechst 33258 assays 

using the Synergy HT microplate reader provided similar results and analytical performance 

when compared to EtBr, allowing equivalent comparative analysis of efflux activity.  

Conclusions: The results demonstrated that is possible to differentiate E. coli strains with 

different levels of efflux using Hoechst 33258 and supports efflux as one important mechanism 

towards the acquisition of MDR by E. coli clinical isolates. With the emergence of MDR due to 

overexpression and overactivity of efflux pumps in pathogenic strains, is important to use 

reliable methodologies to detect and quantify the activity of efflux systems in bacterial cells.  
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Impact of the work: The use of fluorescent molecules as Hoechst 33258 allows increasing 

our knowledge about the activity of efflux systems as well as identifying new substrates and 

inhibitors contributing to the development and implementation of new therapeutic strategies. 

 

Funding: FCT PTDC/BIA-MIC/30692/2017; UID/Multi/04413/2020. 
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Background 

The emergence and spread of antimicrobial drug resistance in Enterobacteriaceae throughout 

the food chain has become an important health concern. However, relatively few reports have 

investigated the prevalence, resistance and dissemination/transmission of Enterobacteriaceae 

in the food production chain in Portugal. In this study, we aimed to assess the extent of 

dissemination of antibiotic resistant Enterobacteriaceae, including resistance to last resort 

antibiotics, and evaluate their transmission routes along the pig processing chain in Portugal. 

 

Materials/Methods 

A total of 24 samples were collected in 2016 from a slaughterhouses in Lisbon. Individual 

colonies (10/sample) were selected and Enterobacteriaceae were screened for by growth in 

selective media (n=121). Antibiotic susceptibility was evaluated by disk diffusion and 

microdilution. Species identification was performed by 16S sequencing. Antibiotic resistance 

genes were screened by whole-genome sequencing (WGS) of representative isolates (n=14) 

using Nanopore Technology and bioinformatics tools. Relatedness of isolates was inferred 

using single nucleotide polymorphisms (SNP) analysis.  

 

Results 

Five Enterobacteriaceae species were identified, including Klebsiella pneumoniae (n=5), 

Escherichia coli (n=4), Enterobacter hormaechei (n=2), Enterobacter kobei (n=2) and 

Enterobacter asburiae (n=1). The majority of isolates showed a multidrug resistance profile (>3 

antimicrobial classes, 73%, n=11). Resistance to tigecycline and colistin were detected in in 

39% (n=47) and 20% of the isolates (n=24, MIC=8-16 mg/L), respectively. The highest 

prevalence to tigecycline was found in live pigs (40%, n=19), followed by workers (34%, n=16), 

meat (15%, n=7) and equipment (11%, n=5) and a similar distribution of resistant isolates was 

observed for colistin. WGS identified genes conferring resistance to extended-spectrum beta-

lactamases (ESBL) (BlaSHV (n=5), blaTEM (n=1)), AmpC β-lactamases (blaACT, blaADC, 
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blaCFE and blaCMY), tetracycline (tet(A), tet(C), tet(34) and tet (39)  genes) and 

chloramphenicol (floR gene). The OqxA and OqxB (71%, n=5), previously associated to 

tigecycline resistance, were carried by tigecycline resistant Enterobacter spp. and Klebsiella 

pneumoniae, but no colistin resistant genes were detected. All isolates (100%, n=14) carried 

mdfA, a multidrug transporter, and 57% (n=8) carried sitABCD involved in metal transport and 

resistance to hydrogen peroxide. SNP analysis identified a high genetic relatedness 

(<10SNPs) between: tigecycline-resistant E. coli strains from animal/equipment, animal/meat 

and animal/animal; tigecycline-resistant K. pneumonia from animal/meat, animal/animal, 

animal/operator; and colistin-resistant E. kobei from equipment/meat, suggesting the 

occurrence of frequent cross-transmission in the slaughterhouse.  

 

Conclusion 

Our results suggest that the pork production chain acts as a reservoir for multidrug-resistant 

Enterobacteriaceae that are also resistant to last-resort antibiotics. Their cross-transmission is 

frequent in the slaughterhouse environment. 
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Background: Acinetobacter baumannii (Ab) drug resistant is an emergent threat limiting the 

range of therapeutic alternatives. These strains pose a threat to clinical patient care and public 

health as they can disseminate mobile resistance genes increasing the risk of acquired 

resistance. 

Objective: Study the contribution of efflux pumps (EPs) of the small multidrug resistant (SMR) 

family to carbapenem resistance in Ab through comparative genomics.  

Methods: Strains were typed by ERIC-PCR and MLST. The presence of carbapenemases 

was initially screened by PCR. Active efflux was studied by synergism assays between 

carbapenems, ethidium bromide (EtBr) and efflux inhibitors (EIs), EtBr-real-time fluorometry 

and the expression analysis of efflux pumps (EP) genes in response to imipenem. Screening 

of candidate proteins and the corresponding orthologous on other bacteria was done using 

NCBI and KEGG databases. BLASTP analysis was conducted to compare predicted proteins 

and quantify the similarity between amino acid sequences. The genomic arrangement of 

orthologue genes was analyzed using SyntTax. Subsystem functional categorization of the 

predicted CDS and visualization was done using SEED viewer and multi-genome comparison 

using SEED. Whole-genome circular representations were obtained with GCView. 

Results: From the 74 strains studied, 72 were multidrug resistant with additional resistance to 

carbapenems. Two strains were susceptible to carbapenems and were further used as 

controls. Synergistic interactions between carbapenems, EtBr and EIs were noted as well as 

the presence of active efflux. EP genes adeB, adeJ, adeG, craA, amvA, abeS and abeM were 

found overexpressed in response to imipenem. Genomic analysis detected three 

chromosomally encoded SMR EP (AbeS, EmrE, SugE) and three encoded in plasmids or class 

1 integrons (QacF, QacE, QacEΔ1) were identified. Chromosomal EPs are present in all clonal 

groups, whereas only some harbor SMR EPs encoded in mobile elements. We found high level 
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of similarity (> 70%) at protein level with the same EPs in other bacterial species. Their role on 

Ab drug resistance is being studied using SMR EP mutants.       

Conclusions and impact of the study: EPs of the SMR family are poorly characterized in Ab. 

The presence of several SMR EP in Ab genome might explain its high predisposition to survive 

in the presence of antimicrobials such as antibiotics, detergents, and biocides. This genomic 

approach will be helpful to predict important physiological responses aiming the development 

of new antimicrobials against drug-resistant Ab.  

 

Funding: FCT grants UID/Multi/04413/2020; PTDC/BIA-MIC/30692/2017; UI/BD/151063/2021. Wellcome Trust Institutional 

Strategic Support Fund (Award 206563/14617).  
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Staphylococcus aureus include important antibiotic resistant pathogens with broad distribution, 

being methicillin resistance (MRSA) a major public health threat. Because MRSA thrive in both 

humans and the environment, this study compared the genomes of strains of distinct origins, 

aiming to explore features that may underlie a specific lifestyle.   

A total of 214 genomes of MRSA strains of environmental (n=111; animals facilities, food and 

water) and clinical (n=103; humans) origins, available in the public database National Center 

for Biotechnology Information were selected for this study. The genomes were classified 

according to the genetic diversity (Multi-Locus Sequence Typing (MLST), staphylococcal 

protein A (spa) and Staphylococcal Cassette Chromosome mec (SCCmec) typing) and 

examined based on pangenome analysis and screening of clinically relevant traits (antibiotic 

resistance, stress and virulence). 

The environmental isolates belonged to 18 MLST, being the ST8 (44/111, 40%), ST5 (18/111, 

16%) and ST398 (12/111, 11%) the most abundant. The clinical isolates belonged to 11 MLST, 

and the most abundant were ST93 (39/103, 38%), ST8 (30/103, 29%), and ST398 (13/100, 

13%). Environmental MRSA isolates were organized into 49 Single Nucleotide Polymorphism 

(SNP) clusters, and the clinical isolates into 13 SNP clusters, all shared with environmental 

isolates. In general, each SNP cluster corresponded to a single SCCmec cassette, and to a 

single spa type. The pangenome analysis organized the 214 genomes according to the 

respective MLST, except the ST8 isolates that clustered in 3 different groups. The evaluation 

of the pangenome of the isolates of each SNP cluster revealed that antibiotic resistance, 

phages and virulence genes were among the exclusive genes of the environmental isolates, 

while insertion sequences, transposases and recombinases were among the exclusive genes 

of the clinical isolates. The genes related with resistance to β-lactams (blaI, blaPCI), 

aminoglycosides (ant(6)-Ia), macrolides (mph(C), erm(B)) enterotoxin (seg, sei, sem, sen, seo, 

seu) and serine protease functions (splB), among others, were more frequent in the 
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environmental isolates, while the genes related with macrolides (erm(C)), phenicols (fexA), 

fosfomycin (murA), leucocidin (lukS-PV) and serine protease functions (splA, splE) were more 

frequent in the clinical isolates (p≤0.05).  

This work demonstrated that clinical and environmental MRSA strains share phylogenetic 

characteristics, although clinically relevant traits might indicate a certain degree of 

specialization depending on the isolate’s lifestyle. This work will contribute to improve the 

knowledge on the characteristics that might differentiate clinical and environmental S. aureus 

isolates.  
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Chicken-meat is widely consumed worldwide, being food safety and sustainability industry 

concerns. However, contamination with bacteria resistant to antibiotics also surviving to other 

less explored stresses occurring in farm animals or slaughterhouses are new challenges. This 

study aimed to assess if multidrug-resistant (MDR) E. faecium-Efm and E. faecalis-Efs from 

chicken-meat are tolerant to copper and acids occurring throughout the production chain. 

Chicken-meat samples (n=53; 29 intensive-farms using CuSO4-supplemented feed) were 

collected after slaughter (March-August/2018, Portugal; slaughterhouse surfaces disinfected 

with 5000-30000mg/L of peracetic acid-PAA). After two enrichment steps, 0.1mL were plated 

onto Slanetz-Bartley-agar without/with ampicillin-16g/mL, chloramphenicol-16g/mL or 

vancomycin-6g/mL. Efm/Efs identification, antibiotic resistance 

[tet(M)/tet(L)/erm(B)/aadE/aac6-Ie-aph2-Ia/catpC221/catpC223/poxtA/optrA] and copper 

(tcrB) tolerance genes were searched by PCR. Susceptibility to12 antibiotics was performed 

by disk diffusion (EUCAST/CLSI) and CuSO4, acid pH (HCl) and PAA tolerance by agar dilution 

or microdilution. Clonality was established by MLST. 

Enterococcus spp. (n=164) were identified as Efm (n=74) and Efs (n=90). They were resistant 

to tetracycline [95%-n=156/164; tet(M)/tet(L)], erythromycin [89%-n=146/164, erm(B)], 

ciprofloxacin (42%-n=69/164), ampicillin (34%-n=55/164; all-Efm), quinupristin-dalfopristin 

(76%-n=56/74; studied for Efm), streptomycin (30%-n=50/164; aadE), chloramphenicol (22%-

n=36/164, catpC221/catpC223; all-Efs), gentamicin (16%-n=26/164; aac6-Ie-aph2-Ia) or 

nitrofurantoin (3%-n=3/90, studied for Efs). MDR isolates (74%-n=121/164; 93%-Efm and 58%-

Efs) were identified in all samples. The tcrB gene was observed in Efs (n=22; 20 

samples/producers; six-months) with MICCuSO4=16-28mM, contrasting with Efm/Efls without it 

(n=142; MICCuSO4=4-12mM). Most tcrB+-Efls were MDR (91%), especially to tetracycline, 

erythromycin or chloramphenicol, although resistance to ciprofloxacin or aminoglycosides was 
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also detected. The tcrB+-Efs-ST21/ST843 clones were observed in 3 different time periods and 

ST22/ST49 in single occasions. Minimum growth-pH ranged from 4.5-5.0, with most Efs having 

4.5 (89%-n=34/38) and most Efm varying between 4.5 (48%-n=11/23) and 5.0 (52%-n=12/23). 

The minimum survival-pH ranged between 3.0 and 4.0, with Efm presenting a higher ability to 

survive at more acidic conditions (Efm: pH=3.0-3.5-74%-n=17/23; Efs: pH=4.0-95%-n=36/38; 

96%-MDR). For PAA, the MIC/MBC ranged between 70-125mg/L and 80-150 mg/L, 

respectively, with Efs showing lower susceptibility (MIC90:115mg/L-Efs and 100mg/L-Efm, 

95%-MDR; MBC90:150mg/L-Efs and 130mg/L-Efm, 95%-MDR). Activity of acid pH and PAA 

was similar in tcrB+/tcrB- isolates. 

We showed that MDR Enterococcus from chicken-meat might acquire CuSO4 tolerance and 

survive to acid pH values found in animals’ stomach (2.5-5.5) and meat after slaughter (5.67-

6.3), highlighting that other stresses besides antibiotics may potentially select MDR 

Enterococcus spp. reaching chicken meat. Although slaughterhouse PAA used concentrations 

seem effective to decrease cross contamination of these strains, unknown factors might have 

contributed to some clones persistence in the chicken-meat. 
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Objectives: Staphylococcus pseudintermedius is the main bacterial pathogen responsible for 

skin and soft-tissue infections (SSTIs) in pets. Antibiotic resistance in this species is a growing 

public health concern. This study characterized a collection of S. pseudintermedius causing 

SSTIs in pets, establishing the main clonal lineages and antimicrobial resistance traits. 

Methods: The collection corresponded to all S. pseudintermedius (n=155) causing SSTIs in 

pets (dogs and cats) collected between 2014 and 2018 at two laboratories in Lisbon, Portugal 

(Lab1: 90 isolates, from 2014-2018; Lab2: 65 isolates, from 2018). All the isolates were 

subjected to PFGE- SmaI typing, with PFGE clusters defined by  93% similarity (Bionumerics). 

Isolates representative of PFGE cluster were further typed by MLST. New alleles and STs were 

submitted to the PubMLST database. Susceptibility patterns were established by disk-diffusion 

for 30 antibiotics, corresponding to 15 classes.  

Results: Among the 155 S. pseudintermedius, 48 isolates (31.0%) were methicillin-resistant 

(mecA+, MRSP) and 107 (69.0%) were methicillin-susceptible (MSSP). Multidrug-resistant 

(MDR) phenotypes were detected for 95.8% of the MRSP isolates and 23.4% MSSP isolates. 

Of particular concern, over a third of the isolates were resistant to, at least, five distinct classes 

of antibiotics. In total, forty different antibiotic resistance profiles were detected, mostly 

associated with the carriage of blaZ, mecA, erm(B), aph3-IIIa, aacA-aphD, catpC221, tet(M) and 

dfr(G) genes. The 155 isolates were distributed within 130 PFGE clusters (A-DY) and MLST 

identified over 30 clonal lineages within 63 representative isolates analyzed. ST71 was the 

lineage most frequently detected, comprising only MRSP with an MDR profile. Other lineages 

detected included ST157, ST45, ST258, ST118 and several new STs, mostly among MSSP.  

Conclusions: This undergoing study revealed a high frequency of MRSP associated with 

SSTIs in pets and high rates of MDR profiles within both MRSP and MSSP. Additionally, 

several clonal lineages with different resistance profiles were described, evidencing the 

importance of a correct diagnostic of SSTIs agents. Although S. pseudintermedius is rarely 
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associated with human infections, the increasing resistant traits observed justify the need to 

adopt a One Health approach in the characterization of these bacteria. 
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Background: Antimicrobial resistance (AMR) is one of the greatest hazard of worldwide public 

health. The misuse of this molecules in all environments have been contributing as a driver to 

the selective pressure in bacteria, namely in Exotic Pets scarcely reported.  

The goals of this study were to assess the prevalence of Mutidrug resistant (MDR) priority 

pathogens between 2017 and 2019, among 2050 isolates of both Gram-negative and positive 

bacteria, from exotic pets originating from France, and understand if exotic pets are a reservoir 

of MDR bacteria with clinical relevance in human health 

Materials:Isolates were identified using MALDI-TOF mass spectrometry. Antimicrobial 

susceptibility testing was assayed by disk diffusion methods to 11 antibiotic classes following 

CA-SFMVET and EUCAST guidelines. Statistical analyses were performed using GraphPad 

Prism® (version 8.4.2.) and differences were considered relevant if p<0.05.  

Results: Bacterial isolates (n=2050) were recovered from small mammals, birds and reptils 

and identified as Enterobacterales order and five different families. Oryctolagus cuniculus was 

the animal species with large representativity (n=1173). Antimicrobial susceptibility results 

showed high resistance levels and particular MDR phenotypes to different antibiotic classes: 

with focus on  E. faecalis followed by other human critical bacteria: Enterococcus faecalis 

(n=79/125),  Streptococcus spp. (n=68/249), Escherichia coli (n=52/155), Staphylococcus spp. 

(n=51/212), Enterobacter spp. (n=39/131), Klebsiella spp. (n=32/111), S.xylosus (n=28/143), 

S.epidermidis (n=25/47), S.aureus (n=23/122), Enterococcus spp. (n=23/58), Pasteurella spp. 

(n=14/226), Serratia spp. (n=9/66), Lactococcus spp. (n=8/10), Citrobacter spp.and Gemella 

spp. (n=7/23; 7/38; respectively), Proteus spp., Raoultella spp., Salmonella spp. and 

Mannheimia spp. (n=3/65; 3/10; 3/6; 3/16; respectively), Vagonococcus fluvialis (n=2/3), 

Rahnella spp., Actinobacillus spp. and Chelonobacter oris (n=1/4; 1/6; 1/2; respectively). It 

should be noted that high percentage of MDR bacteria are simultaneously resistant to all 

antibiotics tested and can be included in priority pathogens: Enterococcus faecalis (n=47/49; 

95,0%), E.coli (n=19/52; 36,5%), Klebsiella spp. (n=12/32; 37,5%), S.epidermidis (n=7/25; 
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28%), Streptococcus spp. (n=6/68; 8,8%), Enterococcus spp. (n=6/23; 26%), Staphylococcus 

spp. (n=4/51; 7,8%), Lactococcus spp. (n=4/8; 50%), Citrobacter spp. (n=3/7; 42,8%), 

Raoultella spp. (n=2/3; 66,6%), Serratia spp, (n= 1/9; 11,1%), Pasteurella spp (n=1/14; 7,1%) 

and S. xylosus (n=1/28; 3,5%). 

Conclusions: These results highlight exotic pets as an emergent reservoir of MDR bacteria, 

with focus on E. faecalis followed by another priority pathogens for R&D of new antibiotics.  

Monitoring AMR in all animal species amongst restrictive antibiotic use policies, improvement 

measures and preliminary interventions are urgently required. This is the first report of a large-

scale monitoring AMR in exotic pets. 
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Pseudomonas aeruginosa are among the pathogens that raise major concerns in terms of 

antibiotic resistance. To test the hypothesis that some genome features may hint the 

preferential acquisition of some antibiotic resistance genes (ARGs), we selected two 

carbapenemase encoding genes: blaVIM-2, mainly observed in P. aeruginosa, and blaNDM-1 with 

wide distribution among Proteobacteria.  

A total of 116 P. aeruginosa genomes containing the blaVIM-2 gene (94 clinical; 22 

environmental) and 27 the blaNDM-1 gene (24 clinical; 3 environmental), available at the NCBI 

Pathogen Detection isolates browser database (on 17.11.2020), were selected for the study. 

The pan-genome and pan-resistome and the genetic environment of the genes blaVIM-2 and 

blaNDM-1 were explored and analysed in function of multi-locus sequence types (MLST) and 

geographic distribution. 

The blaVIM-2 hosts were mainly of the ST233 (n=26) and ST111 (n=32), from Europe (n=31) 

and South America (n=17), while blaNDM-1  was hosted by strains of different sequence types 

(e.g. ST308, ST773, ST235, ST357, ST654), mainly from Asia (n=11) and Europe (n=9). The 

accessory genome of these strains encoded a high percentage (40-50%) of phage-related, 

mobile genetic elements and transport proteins (20-80% ). The pan-resistome analysis 

revealed that half of the background acquired ARGs was shared by both groups (blaVIM-2+ or 

blaNDM-1+). However, some ARGs were exclusive of blaVIM-2+, mainly against aminoglycosides 

and β-lactams, or of blaNDM-1, mainly against β-lactams. Interestingly, blaVIM-2+ and blaNDM-1+ 

strains co-harboured other carbapenemase resistance genes, such as blaIMP, blaKPC or blaGES. 

The major contrast between blaVIM-2+ and blaNDM-1+ genomes referred to genetic elements 

responsible for their mobilization. The blaVIM-2 gene was, in most cases, associated to the 

transposonsTn402-like and Tn21 family, and less frequently to the insertion sequence IS6100. 

Instead, the gene blaNDM-1 was observed to be flanked by the insertion sequence ISAba125 

and the gene bleMBL or associated to the IS91. Interestingly, two ST179 P. aeruginosa blaVIM-

2+ strains, isolated in Portugal in distinct occasions (Botelho et al., 2017, and this work), 

presented the blaVIM-2 gene inserted in IS6100, one in the chromosome and the other in a 

plasmid. 
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This study provides information about the worldwide dissemination of both blaVIM-2 and blaNDM-

1 genes in P. aeruginosa. Although both genes may be harboured by strains having similar 

MLST, the genomic environment of the two genes is different, highlighting the importance of 

mobile genetic elements rather than only ARGs to explore resistance evolution.  
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Background: Quaternary ammonium compounds (QACs) are extensively used in hospitals, 

community and food-chain settings (30-800000mg/L), being important in the control of 

pathogens and multidrug-resistant (MDR) bacteria transmission. However, their activity against 

Enterococcus faecalis (Efs) and Enterococcus faecium (Efm), ubiquitous species in diverse 

environments and leading causes of MDR-infections worldwide, remains scarcely known.  

Objectives: To evaluate QACs activity and occurrence of tolerance genes described in 

different phyla among Efs and Efm from diverse sources, timespans and clonal lineages.  

Methods: The Minimum Inhibitory Concentrations (MIC) and Minimum Bactericidal 

Concentrations (MBC) (CLSI:M07:2018/CLSI:M26-A:1999) of benzalkonium chloride (BC) and 

didecylmethylammonium chloride (DDAC), 1st and 4th generations of QACs, were determined 

for 100 Efs (61 STs) and 106 Efm (58 STs) isolates (1996-2020; 8 countries; MDR: 54%) 

recovered from humans (n=99), food-chain (n=85), wild birds (n=2), pet faeces (n=2) and 

aquatic environment (n=18). Six qac genes (qacA/B, qacC/D, qacE, qacG, qacJ, qacZ) as 

well as smr2, bcrABC and oqxAB genes, all encoding efflux-pumps associated with QACs 

tolerance, were searched in Enterococcus genomes from our collection (666-Efs+71-Efm), 

using MyDBFinder (CGE), and in Enterococcus genomes (5109-Efs+12265-Efm; until 

14/09/2021) and genes publicly available at the NCBI database, using the blastp tool. 

Results: QACs activity was similar among Efs (MICBC=1-4mg/L; MBCBC=2-16mg/L; 

MICDDAC=1-2mg/L; MBCDDAC=1-8mg/L) and Efm (MICBC=0.5-2mg/L; MBCBC=1-8mg/L; 

MICDDAC=0.5-2mg/L; MBCDDAC=1->4mg/L). MBCBC>8mg/L (n=1-Efs) and MBCDDAC>4mg/L (n= 

5-Efs+1-Efm) were detected in healthy-humans (n=1), food-chain (n=4) or hospital-sewage 

(n=1) (2001-2015). QACs genotypes were identified in our (qacZ, n=1-Efm; hospital-sewage, 

2002; ST17; MIC/MBCDDAC=2/2mg/L) and public strains (bcrABC, n=40-Efs+2-Efm; qacC/D, 
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n=29-Efs+4-Efm; qacZ, n=20-Efs+12-Efm; oqxAB, n=4-Efs; qacA/B, n=2-Efs+1-Efm; qacG, 

n=1-Efm; qacJ, n=1-Efs; smr2, n=1-Efs), from different STs and time spans. The qac and smr 

genes were more frequent in human strains (89%, n=63/71) and the bcrABC (62%, n=26/42) 

and oqxAB (all 4) genes in the food-chain. These genes were 100% identical to others 

previously identified in Firmicutes, Proteobacteria or Actinobacteria. 

Conclusions: Efs and Efm (including that carrying qacZ) from different sources and clonal 

lineages are susceptible to QACs’ concentrations currently recommended for disinfection or 

sanitation. Also, known QACs genes associated with tolerance seem infrequent among these 

species. Despite this, the share of identical QAC genes between Efs/Efm and diverse species 

from other bacterial taxa suggests that future surveillance studies, specifically directed to 

selective environments where QACs are present, might also consider Efs/Efm within the 

microbial taxa reflecting QACs selective pressures. 
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Nosocomial infections are caused by multi-drug resistant microorganisms and are a recurrent 

problem causing a great deal of morbidity and mortality and other disadvantages, such as 

increased length of stay in the hospital, long-term disability, increased antimicrobial resistance 

and increased socio-economic disruption [1]. New antimicrobial compounds for the prevention 

and control of nosocomial infections are urgently required. Essential oils (EOs) from aromatic 

and medicinal plants showed a broad spectrum of antimicrobial action, acting on different cell 

targets [2]. Flavouring plants of genera Origanum and Thymus are used in popular medicine 

for various illnesses like respiratory disorders, rheumatoid arthritis and urinary tract disorders 

as well as expectorant and carminative [3]. 

This study aimed to evaluate the antibacterial potential of EOs of three autochthonous 

flavouring herbs from Alentejo (Portugal), Thymus capitellatus, Origanum virens and Origanum 

macrostachyum, against drug-resistant Gram-positive and Gram-negative bacteria. EOs were 

obtained by hydrodistillation from flowering plants and their chemical composition was 

evaluated by GC-FID. The antimicrobial potential was assessed by solid disk-diffusion and 

broth microdilution assay, determining the minimum inhibitory concentration (MIC) and 

minimum bactericidal concentration (MBC). The synergy activity of EOs was evaluated by the 

checkerboard method against selected strains. T. capitellatus EO has a high content in 

oxygenated monoterpenes, with 1,8-cineol as a major component, while Origanum EOs have 

a high content in hydrocarbon and oxygenated monoterpenes, namely in -terpinene, thymol 

and its derivates. Origanum virens EOs showed a broad antibacterial spectrum either in agar 

diffusion assays or in liquid assays, which can be related to the high content in thymol and its 
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phenol derivates. The combined application of T. capitellatus and O. virens showed an additive 

antibacterial effect for the same resistant strains. Results highlight the potential use of these 

EOs and their mixtures as natural antimicrobial agents, in the food and pharmaceutical 

industries. 

 

Keywords: Essential oils; Origanum virens; Origanum macrostachyum; Thymus capitellatus, 

Antimicrobial activity 
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Introduction: Until 2016, there was no reference method for drug susceptibility testing for 

Mycobacterium tuberculosis complex (MTBC) which become challenging when setting clinical 

breakpoints for old as well as new drugs, including bedaquiline and delamanid. MICs were 

often truncated and the quality and quantity of MIC data available for most of the drugs were 

insufficient to define ECOFFs according to the criteria adopted by EUCAST. Therefore, 

accurately diagnosing antituberculosis drug resistance is crucial not only to select the most 

effective treatment regimen with the least side effects but also to minimize costs. 

Objective: Implement the EUCAST reference method for MIC determination for MTBC clinical 

isolates, at the Centro de Investigação em Saúde de Manhiça (Maputo, Mozambique), a 

laboratory located in a middle-low-income country with a high burden of tuberculosis. 

Methodology: The complete process of learning and implementing the methodology was 

conducted in four phases. Phase 01 consisted in learning the 96-well broth microdilution 

method for MIC determination using the Escherichia coli reference strain ATCC 25922, aiming 

to familiarize with all procedures and the workflow. Phase 02 consisted in performing the 

EUCAST broth microdilution-based reference method using M. smegmatis mc2155 strain and 

M. tuberculosis H37Rv (performed at IHMT, Lisbon, Portugal). Phase 03 consisted in the 

establishment of SOPs for protocol calibration using H37Rv for the testing, during Phase 04, 

of MTBC clinical strains (performed at CISM, Manhiça, Mozambique). 

Results: Forty-four M. tuberculosis clinical samples were tested. The MIC median values 

obtained for each antibiotic were: streptomycin, 0.0625mg/l; isoniazid, 0.0310 mg/l; rifampicin, 

0.0625 mg/l; ethambutol, 0.25 mg/l; levofloxacin, 0.25 mg/l, and amikacin, 0.125 mg/l. 

Conclusion: In our hands, this methodology showed to be user-friendly. The protocol is easy 

to follow and could be used in a research microbiology laboratory allowing MIC determination. 

However, its implementation for routine use at a clinical microbiology laboratory should be very 

well evaluated in terms of capacitated human resources and assay requirements as it requires 

long periods of bench work, is influenced by accurate pipetting skills and inoculum preparation, 

and the need to be adapted to the conditions of each laboratory. 
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Impact of the work: This method will allow collecting enough data to set accurate ECOFFs, 

will be a reference for PK/PD studies, resolving discrepancies in case of cross-resistance, and 

aid in phenotype-genotype associations. 
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Staphylococci are relevant pathogens in human and veterinary medicine commonly targeted 

by antiseptic-based infection control measures and topical therapeutics. This study aimed to 

identify non-wild-type (NWT) staphylococci (harboring resistance mechanisms with phenotypic 

expression) towards widely used antiseptics and identify antiseptics more prone to promote 

emergence of those NWT populations.  

The study comprised 398 staphylococci isolated from nasal swabs of veterinary staff (112 S. 

epidermidis) or related to skin and soft tissue infections in humans (34 S. aureus from 

ambulatory patients) or pets (155 S. pseudintermedius; 55 S. aureus; 15 S. epidermidis; and 

27 S. coagulans). The minimum inhibitory concentrations (MICs) towards the quaternary 

ammonium compounds benzalkonium chloride (BAC) and cetrimide (CET), chlorhexidine 

(CHX), octenidine (OCT), triclosan (TCL), tetraphenylphosphonium bromide (TPP), 

iodopovidone (PVI), benzoyl peroxide (BPO) and silver sulfadiazine (AgSu) were determined 

for the entire collection. MIC distributions complying ESCMID-criteria were analyzed using 

ECOFFinder to estimate the cut-off (COWT) value that differentiates wild-type from NWT 

populations for each species-antiseptic combination. Antiseptic-resistance determinants 

(qacA/B, qacG, qacJ and smr efflux pump genes; and sh-fabI for triclosan) were screened by 

PCR.  

NWT populations were detected for BAC, CET, CHX and TPP in the four species analyzed, 

namely S. epidermidis: BACNWT (41.7%), CHXNWT (4.7%) and TPPNWT (37.0%); S. 

pseudintermedius: BACNWT (4.5%), CETNWT (1.3%) and TPPNWT (11.6%); S. aureus: TPPNWT 

(22.5%); S. coagulans: CHXNWT (7.4%). For S. pseudintermedius and S. epidermidis, these 

NWT populations were related with efflux, including carriage of qacA/B and/or smr genes in S. 

epidermidis. Although most of the collection showed an MICTCL < 0.03 mg/L, 18 S. epidermidis 
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and one S. aureus displayed MICTCL > 2 mg/L, all carrying the transferable gene sh-fabI. For 

the remaining antiseptics tested, no NWT populations were detected in the entire collection.  

This study identified the emergence of NWT staphylococcal populations against quaternary 

ammonium compounds, CHX, TPP and TCL, revealing their higher potential to promote the 

emergence of such populations. It also illustrates the need to monitor antiseptic susceptibility 

in One Health surveillance programs, for improved measures of infection control and 

management across the human-animal interface. 
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EST/30713/2017. Further support by FCT to GHTM (UID/04413/2020); CIISA-UID/CVT/00276/2020 and UI/BD/151061/2021 
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Essential genes provide the core functions required for cell survival, but many of their 

contributions and relationships remain poorly studied in vivo. Here we report an efficient and 

specific system for gene knockdown in the bacterial pathogen Staphylococcus aureus based 

on CRISPR (clustered regularly interspaced palindromic repeats) interference. The 

implemented CRISPRi system derived from Streptococcus pyogenes, requires only the co-

expression of a catalytically inactive (d)Cas9 protein and a customizable single guide RNA 

(sgRNA). The dCas9-sgRNA complex binds the DNA complementary to the sgRNA and 

causes a steric block that halts transcript elongation by RNA polymerase, resulting in 

repression of the target gene. The constructed system is inducible and can be tightly repressed, 

enabling high-efficiency knockdown of both essential and nonessential genes. We have 

successfully repressed a diverse set of genes, varying in size and expression level in different 

S. aureus strains, showing that the system is functional. We are currently creating a library of 

sgRNAs against essential S. aureus genes, which will be made available to the community, to 

facilitate research on the role of essential genes in S. aureus. 

 

 

  



1.5 Antimicrobial Resistance in One Health: the silent pandemics 

 

403 
 

397. Exploring environmental sources and transmission routes of multidrug-

resistant Escherichia coli in Lettuce Greenhouses 

 

Anicia Gomes1,2, Conceição Santos2, Luísa Peixe1, Patrícia Antunes1,3 

1UCIBIO/REQUIMTE and Associate Laboratory i4HB - Institute for Health and Bioeconomy. Laboratory of 

Microbiology, Faculty of Pharmacy, Porto University, Porto, Portugal; 2LAQV/REQUIMTE, Faculty of 

Sciences, University of Porto, Porto, Portugal; 3Faculty of Nutrition and Food Sciences, University of Porto, 

Porto, Portugal. 

 

Leafy green vegetables have grown popularity as healthier and sustainable foods. Their 

production conditions vary largely and fresh produce could be exposed to a variety of potential 

contamination sources. The dissemination of pathogenic and antibiotic-resistant (ABR) 

bacteria in fresh-producing environments and vegetable contamination is understudied. Here, 

we investigated if soil and crop irrigation water in lettuce greenhouses (GH) from the North of 

Portugal can be a source of Salmonella and/or Escherichia coli (Ec) resistant to critical 

antibiotics in lettuce. Fifty-eight samples (lettuce, n=21/pools of five lettuce heads; soil, n=19; 

water, n=19) from 7GH were studied (Winter+Summer 2021). Samples (25g-solid samples/1L-

water with/without BPW enrichment) were plated in CHROMagar-Salmonella (ISO-6579-

1:2017) and TBX (with/without cefotaxime-2mg/L, ciprofloxacin-0.125mg/L, colistin-3.5mg/L 

and imipenem-1mg/L). Salmonella and Ec were identified by PCR/MALDI-TOF 

MS/agglutination and antibiotic susceptibility was tested (20 antibiotics, disk diffusion/E-

test/microdilution; EUCAST-clinical breakpoints/ECOFFs). Ec intestinal pathotypes’ markers 

(stx1/stx2/eaeA/estA/eltB/astA/aggR) and phylogenetic groups (PhG) were screened 

(PCR/sequencing). Unsatisfactory water quality (2-37 Ec/100mL) was detected in 5/19 

samples/3GH. Forty-nine Ec (PhG-A-n=9/2 samples/1GH, B1-n=38/6 samples/4GH and E-

n=2/2 samples/2GH) from 7 samples/4GH were studied, showing resistance to tetracycline-

24% (3 samples/2GH) and gentamicin-2% (2 samples/2GH). Ec were recovered from all soils 

(all fertilized with manure), with most carrying resistant (12 samples-63%) or multidrug-

resistant (MDR, 11 samples-58%) isolates. One hundred and thirty-six Ec (most PhG A-n=32/7 

samples/3GH, B1-n=76/17 samples/7GH and E-n=13/6 samples/5GH; 30% MDR) were 

studied. They were resistant to ampicillin-46%, tetracycline-45%, sulfonamides-26%, 

ciprofloxacin-17% (26%-non-wild-type-NWT), amoxicillin+clavulanic acid-17%, 

chloramphenicol-16%, cefotaxime/trimethoprim-10%, cefepime-4% (8%-NWT), ceftazidime-

3% (8%-NWT), gentamicin-3%, colistin-2% (MIC=4mg/L/PhG-A/1 sample) and streptomycin-

1%. Twelve isolates (3 samples/2GH/PhG-A/B1/F) were ESBL-producers. Thirty-three percent 
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of lettuce samples (n=7/4GH) were contaminated with Ec (n=32, most PhG B1-n=15/4 

samples/2GH and F-n=12/1GH). One sample carried colistin-resistant (MIC=4mg/L; PhG-F) 

isolates, also presenting co-resistance to ampicillin, tetracycline, ciprofloxacin, gentamicin, 

sulphonamides and trimethoprim. Salmonella or STEC were not detected in any sample, but 

Ec with virulence genes astA+ [n=14; 5 soil/4 GH/PhG-A/B1/B2/E] and eltB+ (n=1; soil/PhG B1) 

were recovered. We found a high diversity of ABR-Ec in GH environment, especially in 

production soils, including to critical antibiotics (cephalosporins/ciprofloxacin/colistin). The use 

of non-treated water and manure application in lettuce-producing environments can constitute 

new routes for entry and spread of foodborne health risks. Understanding vegetable-producing 

environments are the first step to improve knowledge on public health impact of ABR in 

vegetables. 
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UIDB/04378/2020 of the Research Unit on Applied Molecular Biosciences - UCIBIO and the project LA/P/0140/2020 of the 
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FEDER-000041) cofinanced by European Regional Development Fund (ERDF), through the NORTE 2020 (Programa 

Operacional Regional do Norte 2014/2020). Anicia Gomes is supported by a fellowship from FCT (SFRH/BD/145711/2019). 
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INTRODUCTION: Staphylococcus aureus is one of the main causes of bacteremia, associated 

with high mortality rates, mainly due to the failure of empirical antibiotic therapy. Data on 

antibiotic susceptibility in bacteremic S. aureus are still scarce in Mozambique. The study aims 

to describe the antibiotic susceptibility and clonality of S. aureus isolated from blood cultures 

of children aged < 5 years, admitted at the Manhiça District Hospital, between 2001 and 2019. 

 

METHODS: A total of 340 S. aureus isolated from blood cultures were analyzed for antibiotic 

susceptibility by disk diffusion and E-test, and for the presence of resistance determinants, by 

conventional PCR. The clonality of the isolates was evaluated by SmaI-PFGE, spa typing and 

MLST.  

 

RESULTS: The majority (94%, 321/340) of the isolates were resistant to at least one class of 

antibiotics, including 26% (88/340) with multi-resistance phenotype. We detected high rates of 

resistance to penicillin (91%) and tetracycline (49%); followed by erythromycin/clindamycin 

(25%/22%), cotrimoxazole (11%) and low resistance rates for methicillin (MRSA strains, 5%). 

All the isolates were susceptible to vancomycin, daptomycin and linezolid. The blaZ gene was 

detected in 99.4% of penicillin resistant isolates; while mecA gene was detected among all 

MRSA isolates. The frequency of determinants associated with resistance to tetracycline (tetK), 

erythromycin (ermC), cotrimoxazole (dfrG), and gentamicin (aacA-aphD) was 77%, 91%, 56% 

and 100%, respectively. The analysis of clonality revealed high diversity of circulating strains, 

with 30 pulse types, 110 subtypes and 38 single pulse types by SmaI-PFGE; 35 distinct STs 

by MLST and 79 spa types. Isolates belonging to the same pulse type often had the same 

ST/spa types. The clonality pattern and the resistance profile revealed a high degree of 

heterogeneity, with clones showing either similar or distinct resistance profiles. Some clones 

were detected exclusively in certain age groups, while others were homogeneously distributed 

among all age groups. Additionally, we observed the circulation of identical clones within the 

same year, or for a period of up to eleven years. 
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CONCLUSIONS: Our findings revealed: (i) the presence of S. aureus with high rates of 

resistance to antibiotics commonly used in Manhiça; (ii) the circulation of diverse S. aureus 

clones; (iii) presence of genetically related S. aureus strains with similar or distinct resistance 

phenotypes; (iv) S. aureus strains exclusive to certain age groups and circulating in Manhiça 

for a period of up to eleven years. 
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Staphylococcus pseudintermedius is the main etiological agent of bacterial canine pyoderma 

and a primary cause for systemic antibiotic treatment in dogs, in which fluoroquinolones (FQ) 

are recommended as second-line therapeutics. This work aimed to characterize the relevance 

of resistance to FQ in this species, and the associated resistance mechanisms, namely (i) 

efflux and/or (ii) mutations in the quinolone-resistance determining region (QRDR) of the target 

genes grlA and gyrA, encoding DNA topoisomerases.  

The collection under study comprised 60 S. pseudintermedius (26 FQR and 34 FQS) associated 

with skin and soft tissue infections (SSTIs) in dogs and cats, a representative subset of a larger 

collection with 25% of FQ resistance. Minimum inhibitory concentrations were determined for 

EtBr (MICEtBr), used as a marker of efflux activity, and for ciprofloxacin (CIP), a surrogate FQ, 

in the absence or presence the efflux inhibitors (EIs) verapamil and thioridazine. Screening of 

mutations was performed for a sub-set of 50 isolates by PCR amplification and sequencing of 

grlA and gyrA QRDRs. 

The isolates presented MICEtBr values ranging from 0.5 to 4 mg/L, which were reduced by EIs, 

by 2 to 32-fold for FQR and 2 to 64-fold for FQS isolates. The MICCIP values ranged from 0.06 

to 1 mg/L for FQS and 2 to 64 mg/L for FQR isolates. The presence of EIs reduced MICCIP 

values up to 4-fold for FQS and up to 2-fold for FQR isolates. A significant effect (> 4-fold 

reduction) was observed for three FQS isolates only. Among the six patterns of QRDR 

mutations found, the most common (GrlA:Ser80Ile/GyrA:Ser84Leu) was detected in 23 isolates 

(MICCIP of 32-64 mg/L). The second most frequent pattern, GrlA:Ser80Ile, was detected in five 

FQS isolates only (MICCIP of 0.5-1 mg/L). The remaining four patterns corresponded, each, to 

a single isolate. A new mutation, GyrA:Asp83Asn, was described in this work. 

This study describes QRDR mutations as the main mechanism of FQ resistance in S. 

pseudintermedius. Despite the detection of active efflux, our results suggest that this 

mechanism presents a putative low effect on the observed FQ resistance. This work also 
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highlights relevant therapeutic limitations for the treatment of SSTIs caused by S. 

pseudintermedius in pets, which already include antibiotics critically important for human 

health. 
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The increasing prevalence of fluconazole-resistant clinical isolates of Candida spp. strongly 

hinders the widespread use of the drug. To tackle this problem, great efforts have been made 

to fully understand the fungal response to fluconazole.  

 In this work, we show that the role of Zap1 in Candida glabrata goes beyond regulating yeast 

adaptation to zinc deficiency. In line with our previous observation that deletion of ZAP1 makes 

yeast cells more sensitive to fluconazole, we found that the mutant CgΔzap1 accumulates 

higher levels of the drug, which correlates well with its lower levels of ergosterol. Surprisingly, 

Zap1 is a negative regulator of the drug efflux transporter gene CDR1 and of its regulator, 

PDR1. The apparent paradox of drug accumulation in cells where genes encoding transporters 

relevant for drug extrusion are being overexpressed led us to postulate that their activity could 

be impaired. In agreement, Zap1-depleted cells present, in addition to decreased ergosterol 

levels, an altered composition of membrane phospholipids, which together should impact 

membrane function and impair the detoxification of fluconazole.  

Overall, our study brings to light Zap1 as an important hub in Candida glabrata response to 

fluconazole. 
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Ocular infections are caused by bacteria, among other pathogens, being treated with a wide 

variety of antibiotics. Infections with resistant bacteria complicate antibiotics selection, and 

most importantly, increase the risk of treatment failure with possible sight-threatening 

consequences. In the search for innovative formulations that can boost the efficacy of old 

antibiotics and promote more effective treatment options, deep eutectic solvents (DES) have 

emerged has possible pharmaceutical strategies. The use of aqueous solutions of DES 

enables the solubility, stability and bioavailability improvement of active pharmaceutical 

ingredients, being versatile formulations in the development of innovative drug delivery 

systems. These formulations can be designed to solubilize a given active ingredient and to fit 

a specific administration route, such as the ocular one. 

In this work we have applied aqueous solutions of DES to enhance the performance of an 

antibiotic, i.e. chloramphenicol, aiming to develop novel and more effective ophthalmic 

formulations to fight resistant bacteria. DES-based microemulsions were prepared and 

characterized, and the respective stability of the drug and the formulation was evaluated during 

long-term storage. The novel DES-based microemulsions were designed to be 

thermoresponsive and to allow a controlled drug release profile, when in contact with the ocular 

environment, over 3 hours. These microemulsions enable to inactivate infections caused by 

Methicillin-resistant Staphylococcus aureus (MRSA), while being non-cytotoxic to retinal cells. 

We have compared the performance of these novel formulations with commercial versions of 

the drug, allowing to achieve a higher solubility, stability and efficacy under similar conditions.  

 

This work was developed within the scope of the project CICECO-Aveiro Institute of Materials, 

UIDB/50011/2020 & UIDP/50011/2020, and CESAM, UID/AMB/50017/2019 & 
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Feeding raw meat-based diet to domestic pets has increased in popularity, due to the belief 

that they provide them health benefits. However, this could be a new route for bacterial zoonotic 

hazards to humans co-living with pets. A global increase in recalls and outbreaks has been 

reported, but data related to pet-food role as a vehicle of foodborne pathogens and antibiotic-

resistant bacteria/genes remain limited in Europe.  

We investigated if raw dog food commercialized in Portugal can be a source of Salmonella 

and/or Escherichia coli (Ec) resistant to critical antibiotics like colistin.  

Fourteen samples of raw-frozen dog food (one package each; 14 types) from the two 

international brands available in Portuguese stores were analyzed (September 2019-January 

2020). They were mainly composed by chicken, turkey, duck, salmon, calf or deer, being a 

mixture of different meat types (muscle/viscera), fruits and vegetables. Detection of Salmonella 

was performed by the standard method (ISO 6579-1:2017) after a first step of 25g sample pre-

enriched in Buffered Peptone Water, which were also plated (100 L) on TBX with and without 

colistin (3.5 mg/L) for Ec detection. Species were identified by MALDI-TOF MS/PCR and were 

screened for mcr-(1-9) and antibiotic susceptibility (21 antibiotics; disk diffusion; colistin-

microdilution; EUCAST/CLSI). Clonality was investigated in E. coli by phylogenetic groups 

(PhG) and in Salmonella by serotyping. 

Salmonella serotype 1,4,[5],12:i:- presenting the typical European clone MDR profile 

(amoxicillin, streptomycin, sulphonamides and tetracycline) was detected in one of the batches 

containing turkey (brand A-produced in EU). Ec were recovered from all samples, with most 

carrying resistant (11 samples-79%) or MDR (10 samples-71%) isolates, especially those 

containing poultry. Fifty-nine Ec (53%-MDR; PhG A-n=21/9 samples, B1-n=31/11 samples, B2-

n=2/2 samples, C-n=2/1 sample and D-n=3/2 samples) were studied, showing resistance to 

tetracycline/amoxicillin-53%, streptomycin/nalidixic acid-47%, ciprofloxacin-44% (51%-non-

wild-type; 7 samples), sulphonamides/trimethoprim-42%, chloramphenicol-12%, 

amoxicillin+clavulanic acid/kanamycin-10%, gentamicin-7%, tobramycin-5% and cefoxitin-2%. 
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Colistin resistance (MIC=4 mg/L) was observed in four of those MDR Ec (PhG-A/B1), all 

carrying mcr-1, recovered from turkey or veal samples (brand B-produced in the United 

Kingdom).  

This study shows that raw pet food is a potential transmission vehicle of MDR Salmonella and 

Ec, including to last-resource antibiotics in the treatment of human infections (colistin). The 

detection of S.1,4,[5],12:i:- and Ec carrying mcr-1, both major hazards related to food-animal 

production, alert for the global usage of raw animal by-products for pet foods since they can 

constitute new routes for entry and spread of unacceptable zoonotic health risks in Europe.  

 

The experimental work was supported by national funds from FCT in the scope of the project 

UIDP/04378/2020 and UIDB/04378/2020 of the Research Unit on Applied Molecular 

Biosciences - UCIBIO and the project LA/P/0140/2020 of the Associate Laboratory Institute for 

Health and Bioeconomy - i4HB, by the AgriFood XXI I&D&I project (NORTE-01-0145-FEDER-

000041) cofinanced by European Regional Development Fund (ERDF), through the NORTE 

2020 (Programa Operacional Regional do Norte 2014/2020). Marisa Almeida was supported 

by FCT PhD fellowship SFRH/BD/146405/2019. 
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Portugal is one of EU’s largest producer of fruits and vegetables, being food safety and 

sustainability challenges for plant-based producers. Identification of the main environmental 

sources and transmission routes leading to plant-based foods’ contamination with pathogenic, 

antibiotic-resistant (ABR) bacteria and/or antibiotic resistance genes (ARG) is not sufficiently 

studied. We hereby studied the role played by food-producing environments as sources of 

Salmonella and ABR E. coli in tomato greenhouses (GH) from the North of Portugal. Fifty-six 

samples (tomato, n=19; soil, n=19; irrigation water, n=18) from eight GH were studied 

(Winter2019+Summer2020). Samples (25g-solid samples/1L–water samples with/without 

BPW enrichment) were plated in CHROMagar-Salmonella (ISO-6579-1:2017) and TBX 

(with/without antibiotics (cefotaxime-2mg/L, ciprofloxacin-0.125mg/L, colistin-3.5mg/L, 

imipenem-1mg/L). E. coli and Salmonella were identified by PCR/MALDI-TOF 

MS/agglutination and tested for antibiotic susceptibility (20 antibiotics, disk diffusion/E-

test/microdilution; EUCAST-clinical breakpoints and ECOFFs). Clinically relevant ARGs 

(quinolones: qnrA, qnrB, qnrC, qnrD, qnrS, qepA, aac(6’)-Ib-cr, oqxA/B; colistin: mcr1-9), E. 

coli intestinal pathotypes’ markers (stx1, stx2, eaeA, estA, eltB, astA, aggR) and phylogenetic 

groups (PhG) were screened by PCR/sequencing. Unsatisfactory water quality (1 to 40 E. 

coli/100ml) was detected in 9/18 samples from five GH (all used non-treated water), with one 

containing ABR (gentamicin+streptomycin) Salmonella (n=5 isolates; D/non-Enteritidis). Fifty-

eight E. coli isolates were recovered from 10 waters/6 GH (none STEC; n=4-astA+) belonging 

to PhG-A (n=16/3 GH), B1 (n=19/5 GH), B2 (n=2/2 GH), C (n=12/1 GH) and E (n=9/3 GH). 

Isolates resistant to gentamicin-36%, amoxicillin-17%, tetracycline-8%, streptomycin/ 

sulfonamides/ trimethoprim/ amikacin/ amoxicillin+clavulanic acid-<5% were detected in 9 

waters/5 GH. Non-wild type isolates to the critically important ciprofloxacin (MIC=0.25mg/L) 

and carrying qnrS1 (n=3) were detected in one water/GH. From 10 soils (6 GH), thirty-four E. 

coli were recovered (none STEC, 14-astA+), belonging to PhG-A (n=10/3 GH), B1 (n=21/4 GH) 

and B2 (n=3/1GH). Isolates resistant to gentamicin-55%, amoxicillin-9% and amikacin-6% 
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were detected in 5 soils/4 GH. None of the tomato samples carried Salmonella or E. coli, even 

with seven GH using manure as fertilizer. We found Salmonella and a high diversity of ABR E. 

coli in irrigation waters and/or soils from most of the GH studied, not yet reflected in tomatoes. 

This One-Health-based study identified poor agricultural practices (use of non-treated/faecal 

contaminated water and manure-based fertilizers) in tomato-producing environments, 

supporting the need for implementation of local mitigation measures. 

  

Funding. The experimental work was supported by national funds from FCT in the scope of the project UIDP/04378/2020 and 

UIDB/04378/2020 of the Research Unit on Applied Molecular Biosciences - UCIBIO and the project LA/P/0140/2020 of the 

Associate Laboratory Institute for Health and Bioeconomy - i4HB and by the AgriFood XXI I&D&I project (NORTE-01-0145-

FEDER-000041) cofinanced by European Regional Development Fund (ERDF), through the NORTE 2020 (Programa 

Operacional Regional do Norte 2014/2020). Anicia Gomes is supported by a fellowship from FCT (SFRH/BD/145711/2019). 
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459. Antimicrobial screening of Lavandula spp. hydrodistillation products against 

potentially pathogenic bacteria 
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In recent years, the diverse therapeutic potential of essential oils and other plant extracts 

attracted the attention of researchers due to their antimicrobial activity. The Lavandula spp. 

section Stoechas grow spontaneously in Portugal, such as L. pedunculata and L. stoechas 

subsp. luisieri.1 Their essential oils and aqueous extracts have been investigated due to their 

high biological activities, such as antimicrobial properties, suggesting a potential application of 

these products as a component in disinfectant or antibiotic formulas.2 This study aimed to 

determine the chemical profile of essential oils and aqueous extract of L. pedunculata and L. 

stoechas subsp. luisieri, and evaluate their antimicrobial activity against a set of potentially 

pathogenic bacteria: Aeromonas hydrophila, Bacillus cereus, Burkholderia pseudomallei, 

Chromobacterium violaceum, Listeria monocytogenes, Pseudomonas aeruginosa, Salmonella 

sp., Serratia marcescens, and coagulase positive  Staphylococcus. Pseudomonas aeruginosa 

ATCC 27853 was used as a reference strain. The plants were harvested at flowering in Beira 

Interior region, the essential oil and aqueous extract of aerial parts were obtained by 

hydrodistillation. The chemical profile of the essential oils was analyzed by GC-MS and the 

aqueous extract was analyzed by HPLC-DAD. The minimum inhibitory concentration (MIC) 

and the minimum bactericidal concentration (MBC) of both essential oils and aqueous extract 

were determined to verify the antimicrobial activity against the selected bacteria. The essential 

oils were characterized by a high percentage of oxygenated monoterpenes, in L. pedunculata 

the major compounds were fenchone (48.89±1.23%), camphor (11.00±0.25%), and 1,8-cineole 

(9.57±0.28%) while the main compounds of L. stoechas subsp. luisieri were trans-α-necrodyl 

acetate (37.81±0.30%), followed by trans-α-necrodol (10.42±0.05%) and lavandulyl acetate 

(5.53±0.02%). The phenolic profile of aqueous extract of L. stoechas subsp. luisieri was 
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rosmarinic acid (3765.80±0.11 µg/g dry weight), quercetin (450.9±0.06 µg/g dry weight), caffeic 

(335.63±0.05 µg/g dry weight) and vanillic (300.43±0.01 µg/g dry weight) acids. The 

antimicrobial activity of the hydrodistillation products was observed, the MIC values were 

recorded against all strains ranged from 4.7 to 149.3 µL/mL. Between species, a low or equal 

value of MIC and MFC was observed for L. stoechas subsp. luisieri essential oil, revealing 

greater antimicrobial activity of this species. The aqueous extract of L. stoechas subsp. luisieri 

only reveals antimicrobial activity against A. hydrophila, C. violaceum, and coagulase positive 

Staphylococcus with MIC and MBC values ranged 12.5-25 µL/mL. These results revealed the 

potential application of Lavandula spp. sub-products as an active component in the control of 

potentially pathogenic bacteria resistant to conventional antibiotics. 
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Streptococcus pneumoniae is a colonizer of the human nasopharynx and a leading cause of 

disease worldwide. Children are often colonized with pneumococci contributing significantly to 

its transmission in the community. In 2015, a 13-valent pneumococcal conjugate vaccine 

(PCV13, targeting 13 of 100 serotypes) was introduced in the National Immunization Plan 

(NIP). 

We evaluated the impact of PCV13 on pneumococcal carriage among young children. 

Yearly cross-sectional studies were conducted between 2018-2020 among children 0-6 years 

old attending day-care centers in Oeiras. Nasopharyngeal swabs and vaccination history were 

obtained. Pneumococci were isolated, sequenced by WGS and serotypes were assigned using 

SeroBA software.  

In total, 1450 children participated in the study; 60.2% carried pneumococci. No major 

differences were observed over time. Vaccination rate was 99.4% among children <2 years 

old. The most abundant serotypes were 15B/C (15.7%), 11A (11.2%), 23B (9.9%) and 23A 

(7.7%), all of which are not targeted by PCV13. Vaccine types accounted for 10.2% of all 
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isolates, of which serotype 19F was the most frequent (4.7%). Unvaccinees were more likely 

than vaccinees to carry a vaccine type (12.7% vs 5.3%; p=0.007). 

In conclusion, use of PCV13 is impacting on serotype distribution. Vaccine serotypes, although 

infrequent, are still in circulation, particularly among unvaccinated children. 
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Introduction 

Vancomycin resistant Enterococcus faecium (VRE) is a major human opportunistic pathogen 

identified as a prevalent cause of nosocomial infections worldwide. In the United States, VRE 

clonal complex 17 become endemic in hospitals, while in European countries VRE rates are 

highly variable (0% to 50% in 2019) due to polyclonal spread. In Portugal, VRE infection rates 

duplicated in 2019, reaching 9% and reversing the decrease trend reported since 2003. We 

characterized the contemporary VRE population structure and associated resistance and 

virulence in order to understand the rise in VRE prevalence. 

Methods 

A collection of 72 VRE isolates recovered from infection in seven Portuguese hospitals 

between 2019-2020 was studied. Species confirmation and identification of van type were 

performed by PCR, while glycopeptide phenotypic resistance was confirmed by Etest. Whole 

genome sequences were obtained for all isolates by NextSeq Illumina platform and raw data 

assembled with INNUca v3.1 pipeline with further MLST in silico analysis. cgMLST was 

determined by allele calling using chewBBACA v2.5. Antimicrobial resistance, virulence genes 

and plasmids were identified using ResFinder v3.1, VirulenceFinder v2.0 and PlasmidFinder 

v2.0 algorithms. 

Results 

The overwhelming majority of the VRE isolates (n=64, 88.9%) belonged to three major clonal 

lineages: ST17 (n= 46, 63.9%), ST80 (n=10, 13.9%) and ST494 (n=8, 11.1%). The remaining 

isolates belonged to a minor clone, ST117 (n=2, 2.8%) and six singletons. cgMLST identified 

two groups of highly related ST17 isolates sharing 11 or less different alleles suggesting an 

extensive interhospital dissemination and endemicity of this lineage in six hospitals. vanA was 
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detected in all but one vanB ST80 isolate, corroborating the observed MIC values for 

vancomycin (vanA: >256 µg/mL; vanB: 48 µg/mL) and teicoplanin (vanA: >256 µg/mL; vanB: 

0.38 µg/mL). Antimicrobial resistance genes were highly prevalent, namely determinants 

conferring macrolide-lincosamide-streptogaminB resistant phenotype (100%), high-level 

resistance to gentamycin (75%), tetracyclines (65.3%) and trimethoprim (29.2%). Surface 

adhesin genes (acm, efaAfm and sgrA) were frequent, but other virulence determinants 

commonly associated to hospital acquired VRE were less common, as HylEfm (19.4%), Ecba 

and Espfm (12.5% each). Plasmids from the Inc18, Rep3, RepA_N or Rep_Trans families were 

identified in all isolates. 

Conclusions 

VRE infections in Portugal are mainly attributed to a highly resistant ST17-vanA lineage which 

seems endemic in 6/7 hospitals studied, and maintained by interhospital dissemination. 

Detection of ST80 lineage, which has been rising across Europe, deserves special attention. 

Improvement of infection control measures to reduce endemic and emerging VRE lineages are 

warranted. 
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121. Pretreatment of biological samples using three-phase partitioning systems: a tool 

to enhance early diagnosis 
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Early diagnosis of pathologies represents the ideal approach to boost the survival chances of 

patients, while contributing to reduce the burden of the disease. In this framework, biomarkers, 

such as proteins, hold potential. Nevertheless, biomarker detection remains a technically 

difficult task as biological samples, such as human serum, are complex and biomarkers are 

low abundant molecules. As a result, a lack of accurate and precise results is often 

encountered. To enhance biomarkers’ detection, a sample pre-treatment step able to remove 

interferences and concentrate lower abundant biomarkers is usually applied.  

In this work, three-phase partitioning (TPP) based on aqueous biphasic systems (ABS) 

composed of homopolymers or copolymers and salts are proposed as alternative human 

serum pretreatment tools. To this end, TPP systems formed by the homopolymers 

polypropylene glycol (PPG) and polyethylene glycol (PEG) or their conjugated copolymers 

(e.g., Poloxamer and UCON) and a citrate buffered salt were evaluated in terms of their 

performance to simultaneous deplete the most abundant serum proteins, i.e., human serum 

albumin (HSA) and immunoglobulin G (IgG) and extract target biomarkers. According to the 

results obtained, the best TPP system allows depletion efficiencies higher than 80% for both 

abundant proteins and the complete extraction of a model protein-based biomarker in a single-

step. Remarkably, ELISA assays further demonstrated that a more accurate quantification of 

the model biomarker was achieved with serum samples pretreated by TPP than with non-

pretreated samples. Based on the proof of principle here provided, sample pretreatment using 

TPP systems is a viable route to enhance the detection of several diseases.  

Acknowledgments: This work was developed within the scope of the project CICECO-Aveiro 

Institute of Materials, UIDB/50011/2020 & UIDP/50011/2020, financed by national funds 

through the FCT/MCTES and the project PTDC/EMD-TLM/3253/2020, financed by national 

funds (OE), through FCT/MCTES. F.A.S. and M.E.R. acknowledge FCT for the researcher 

contract CEECIND/03076/2018 and the doctoral grant SFRH/BD/136995/2018, respectively. 

 

 

  



1.7 Molecular microbiology in the NGS era: early detection and identification of pathogens and its dispersion and evolution 

 

423 
 

170. Genome analysis of Diaporthe amygdali and D. eres: unraveling adaptation for 
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Diaporthe is characterized for being a pathogenic genus, distributed worldwide and affecting a 

wide range of hosts. The species Diaporthe amygdali and Diaporthe eres have been found in 

several regions, causing diseases such as cankers, dieback, or twig blights on economically 

important crops. Despite this, there is still a lack of studies regarding Diaporthe ability to infect 

host plants and related mechanisms. To provide a genomic basis of pathogenicity and to 

evaluate the role of carbohydrate-active enzymes (CAZymes) in the degradation of plant cell 

wall, the genomes of D. amygdali strain CAA958 and D. eres strain CBS 160.32 were 

sequenced using the Illumina HiSeq sequencing platform. Peroxidases (e.g., linoleate diol 

synthase, haloperoxidases), cellular transporters involved in the transport of toxins and other 

secondary metabolites (e.g., peroxiredoxin and tetraspanin transporters) and virulence 

factors implicated in pathogenicity (e.g., SSD1 protein, members of the Velvet complex, 

aminobutyrate aminotransferase) were detected on both genomes. Our analyses revealed that 

hydrolases, transferases, lyases and oxidoreductases are the most prevalent CAZymes, thus 

showing the ability of these species to breakdown and degrade plant cell wall polysaccharides 

(e.g., xyloglucan, pectin, glycan, cellulose, hemicellulose). This high number of enzymes may 

reflect an ecological selection and adaptation capabilities of fungi to degrade the available 

biomass in their habitat. Biosynthetic gene clusters (BGCs) encoding compounds related to 

phytotoxins (e.g., betaenone, cercosporin), mycotoxins (e.g., fusarin, alternariol) and potential 

antifungal activities (e.g., aspyrochlorine) were also detected in D. eres and D. amygdali 

genomes. This study is the first to report the BGC for the phytotoxin Fusicoccin A in D. 

amygdali, through a genome-scale assembly. Our findings enrich the knowledge about D. eres 

and D. amygdali which will facilitate further research on the pathogenicity mechanisms of these 

species, as well as, to develop improved strategies for the management of cankers and decay 

of plant hosts. 
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The increasing prevalence of Candida glabrata as a human pathogen is associated with its 

rapid acquisition of antifungal resistance, virulence, and biofilm formation. Although the 

formation of biofilms is of great advantage to pathogenic yeast, there appears to be little 

information on how biofilm formation ability evolves within clinical isolates.  

In this study, the phenotypic diversity, in terms of biofilm formation ability, of a collection of C. 

glabrata clinical isolates, collected from patients attending a major Portuguese hospital was 

evaluated. An enormous variability in the capacity to produce biofilms was identified. Next, the 

genome sequence of 4 isolates exhibiting extremely high and 3 isolates displaying extremely 

low capacity to form biofilms was obtained, in search of genomic signatures (chromosomal 

rearrangements, SNPs or INDELs) that may underlie such phenotypic variability. The obtained 

results provide clues to identify important new regulators and effectors of the biofilm formation 

process with impact in the clinical setting. 
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Methicillin-resistant Staphylococcus aureus (MRSA) is one of the most important multi-

resistant pathogens worldwide. Most MRSA strains exhibit a β-lactam resistant heterogeneous 

phenotype where the majority of cells exhibit variable but usually low-level resistance; however, 

cells with homogeneous and high-level oxacillin resistance (H*R) are also present. A large 

number of “auxiliary genes” are known to contribute to the optimal expression of β-lactam 

resistant phenotype, besides the methicillin genetic determinant. Recently, guanine 

metabolism genetic determinants were implicated in oxacillin H*R phenotype in four archaic 

MRSA strains and in the USA300 clone. Moreover, when ppGpp-dependent stringent stress 

response is turned on, auxiliary mutants were able to revert their heterogeneous phenotypes 

to H*R. Here, we aimed to identify genetic determinants involved in the H*R phenotype in 

auxiliary mutants and in MRSA strains carrying methicillin genetic determinant other than 

mecA. 

Whole-genome sequencing was used to compare isogenic strains differing only in their 

degrees of oxacillin resistance. Two of the genetic determinants identified – hpt and relA2 – 

were previously implicated in H*R phenotypes in MRSA subpopulations belonging to different 

genetic backgrounds, strengthening the evidence for the stringent stress response involvement 

in defining the antibiotic resistance level, regardless the clonal type and the methicillin genetic 

determinant carried. 
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Predatory fungi develop lytic activity against animals’ gastrointestinal (GI) parasites. However, 

their implementation against avian GI parasites has been extremely scarce thus far. The 

current research aimed to obtain filamentous fungi from peacock fecal samples and test their 

predacious capacity against coccidia. Between September 2020 and February 2021, a total of 

55 fecal samples from peacocks were collected in two Portuguese bird collections and 

processed using Mini-FLOTAC and Willis-Flotation techniques, to calculate coccidia shedding 

and obtain concentrated suspensions of oocysts. Samples were also used for isolation of 

filamentous fungi and testing in Water-Agar medium against coccidia, as well as in plastic cups 

containing fecal samples positive for this parasite. Four isolates of the order Mucorales were 

obtained, and all developed lytic activity against coccidia. Hyphae adhesion on oocysts walls 

and their deformation and lysis were observed during both assays. Oocysts also changed their 

viability and sporulation capacity, averaging reduction rates up to 14% and 85%, respectively. 

More in vitro assays are needed to confirm the potential use of these fungal isolates in the 

biocontrol of avian coccidiosis. 
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Based on the principles of green chemistry, enzymatic biocatalysis contributes to a more eco-

friendly and sustainable industrial chemistry. Therefore, its use in industrial and 

biotechnological processes has increasingly become more evident [1]. Laccase, a multicopper 

oxidase, with high catalytic efficiency and low substrate specificity, has attracted worldwide 

attention due to its ability to degrade both phenolic and non-phenolic compounds and role in 

the synthesis of polymers [2]. 

Polydopamine (PDA), an added-value biopolymer resulting from dopamine polymerization, has 

been used in many applications, such as in the modification and functionalization of surfaces 

for biomedical applications [3]. However, the conventional method of dopamine polymerization 

is a quite slow process and requiring alkaline environments, being therefore not adequate for 

materials that present poor stability. In contrast, the use of laccase ensures a faster and very 

efficient process for PDA production, while meeting some goals of green chemistry [4].  

The main goal of this work is the optimization of several parameters of dopamine 

polymerization by laccase, used as the biocatalyst, including temperature, medium pH and 

different initial dopamine concentration. The higher enzymatic activity was achieved at 30 ºC, 

pH 5.5 and substrate concentration of 2 mg/mL. It was demonstrated that the enzymatic 

polymerization of dopamine is a more efficient process when compared with the non-enzymatic 

method, since for the same reaction time the polymerization rate was significantly superior and 

allowing the use of lower concentrations of dopamine for film formation. Furthermore, this work 

in which a biocatalyst was used further expands the applications of PDA. 
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Laccase, a multicopper oxidase and environmentally friendly biocatalyst, has attracted worldwide 

attention due to its wide range of applications in biotechnology, including the synthesis of polymers [1]. 

Among these, polydopamine (PDA) is an added-value biopolymer produced from dopamine 

polymerization, used in the modification and functionalization of surfaces with biomedical applications 

[2]. In contrast to the conventional method of dopamine polymerization, which is chemical-based and 

time-consuming method producing PDA films with poor stability, the production of PDA using laccase 

improves the efficiency and rate of the process, fulfilling some green chemistry principles [3]. However, 

it is relevant to develop as ell methods to allow the biocatalyst recovery and reuse. In this field, aqueous 

biphasic systems (ABS), which are liquid-liquid systems mainly composed of water, appear as a 

promising alternative since they provide a mild and biocompatible environment for biocatalysts [4].  

This work aims at the development of an integrated and sustainable platform to efficiently produce PDA 

using laccase and simultaneously separate this target product and the enzyme through the use of 

designed ABS (Fig. 1). Several ABS composed of polymers, salts and ionic liquids were investigated, 

with the most promising ABS allowing their use as an integrated platform for PDA production and 

recovery and laccase reuse. 
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This work has aimed to evaluate the production of polyhydroxybutyrate (PHB) from cocoa shell 

wastes through fermentation processes using Bacillus firmus. Acid pretreatment of milled and 

unground shell was performed at 135ºC during 40 min. In the case of unground wastes, 

hydrolysate was filtered, and the filtrate was used as broth for fermentation process, whereas 

the hydrolysed milled cocoa waste was employed as broth without being filtered. So that, two 

different fermentation experiments employing B. firmus were carried out at 30ºC and 250 rpm. 

Samples were periodically taken, centrifuged and frozen until analysis to determine the 

evolution of sugars, pH and PHB during fermentation [1, 2]. Regarding assays with milled 

wastes, with an initial reducing sugar concentration of 25 g/L, a maximum of 3.5 mg/L of PHB 

was obtained after 72 hours of fermentation. On the contrary, no PHB production was detected 

during the fermentation of the filtered hydrolysate, which indicates that the presence of solid 

particles in the broth could favour the production of PHB. 

 

 

 

 

 

 

 

 

Figure 1. Results obtained from two 

different fermentation assays, with 

milled cocoa wastes (filled symbols) and unground cocoa wastes (unfilled symbols): pH (■), reducing 

sugars (●) (g/L) and PHB production (mg/L) (▲). 

 

[1] A. Diaz, A. Laca, A. Laca and M. Diaz, J. Waste Manag., 67, (2017) p. 59. 

[2] R. Gudmalwar and L. Kamble, Int J Adv Biotechnol Res., 5 (2014) p. 717. 
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Bacterial cellulose (BC) is a nanofibrillar exopolysaccharide synthesized by certain Gram-

negative, obligate aerobic, acetic acid bacteria, the Komagataeibacter genus being the most 

important due to the high cellulose yield obtained. The unique properties of this biopolymer 

have supported a wide range of potential applications, in human and veterinary medicine, 

odontology, pharmaceutical industry, acoustic and filter membranes, biotechnological devices 

and in the food and paper industry. The large-scale production of BC, through advanced 

biotechnology has eluded many researches. Historical attempts but on low volume and high-

value (mostly for biomedical applications) production can be traced back to the 90s. 

This presentation will overview the potential uses of BC in several applications. Also, it will 

present Satisfibre, S.A., a spin-off from the University of Minho (Portugal). Through R&D 

activities, networking & partnering with industry, Satisfibre aims to bring new and improved 

solutions, based on the use BC, to the food sector, biomedical, composites, pulp & paper and 

textile industries. Examples of successful product development and industry networking will be 

shown. Finally, an overview on the main efforts towards the production of BC at large scale 

and potential markets will also be presented.   
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Retinoids are widely used in skin care for their anti-wrinkle and whitening properties. However, 

retinol does not have effect in the skin, it must first be converted by skin enzymes into the 

active metabolite, retinoic acid. This acid has a direct effect on skin cells and helps to reduce 

some signs of ageing, but this event must take place within the epithelium. Nevertheless, retinol 

has low technological stability due to light and oxygen susceptibility and is converted to retinoic 

acid in the formulation, losing its activity. Also, it is not advisable to add retinoic acid directly to 

the skin as it causes irritation, including peeling, erythema, and photosensitivity.  

Hence, encapsulation of retinol has been under study, since it is the only way to guarantee that 

it reaches skin cells and is converted into retinoic acid. Nevertheless, some of the existent 

solutions are derived from synthetic compounds that do not accomplish the clean beauty 

demand. Thus, we propose using biogenic silica extracted from sugarcane bagasse ash to 

produce biocompatible encapsulation systems for retinoids, increasing their stability and skin 

activity.  

Sodium silicate solution, synthesized from sugarcane bagasse ash, was used as precursor 

solution to obtain a silica gel. Different retinol concentrations were incorporated within a 

cosmetic emulsifier and added dropwise to the silica gel solution. The gel was dried with a 

spray-dryer. The best parameters (retinol and emulsifier concentrations) were determined by 

response surface methodology according to a 22 central composite design, using the 

association efficiency of retinol as response. Silica particles produced through sol-gel method 

allowed to encapsulate retinol, with great association efficiencies ranging from 62.48 to 

99.32%, and average particle size from 10 to 35 μm. Differential Scanning Calorimetry 

confirmed the thermal stability of silica microparticles and protection against oxidation. Safety 

assessment of the final product was performed following the advised standards, through 

evaluation of skin cytotoxicity in HaCaT cell line at concentrations up to 10 mg/ mL, and 

sensitization on skin peptides through Direct Peptide Reactivity Assay (DPRA).  
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In nature, complex microbial communities catalyze cellulose hydrolysis by producing enzymes 

capable of breaking down cellulose polymers. Hydrolysis is a fundamental step in the carbon 

cycle of the industrial bioconversion of biomass to biofuels. The production of biofuels from 

biomass has become necessary, and the discovery of novel pretreatments is mandatory. The 

study of cellulose hydrolyzing bacterial communities is an essential step in achieving a 

sustainable future for biofuels. 

In this study, we propose the stabilization of an aerobic thermophilic bacterial consortium (BC) 

with the ability to adapt and hydrolyze cellulose-rich mixed wastes. Cellulosic decaying 

residues inside the Azorean hot springs were used as inoculum. Samples were enriched 

through twenty consecutive subcultures on a cellulosic selective medium at 60ºC. Enzymatic 

activity was detected using xylan and carboxymethylcellulose (CMC). Selected BC was able 

to hydrolyze 50% of cellulose-rich plant mix material in 4 days. Besides hydrolyzing low content 

lignin material as non-wood plants, newspaper and cardboard, the consortium could hydrolyze 

high lignin content material with lower efficiency. Cellulase and xylanase were present in BC, 

volatile fatty acids (VFA) and reducing sugars were higher than control. The pretreatment using 

BC increased the solubilization of 61% of grass mixtures, enhancing in 77% the production of 

methane (168 LCH4/Kg VS added). 

The bacterial diversity of BC was accessed by amplifying 16S rRNA hypervariable regions 

V3/V4, using 454 pyrosequencing and analyzed with QIIME2. The phylogenetic results showed 

a large diversity in the BC, with Thermobacillus representing 59% of the consortia, followed by 

Gemmatimonadetes 9% Symbiobacterium 7%, Thermobispora 6% Brevibacillus 4%, 

Limnochordaceae 3.9% and Geobacillus 0.6%. Three isolated Geobacillus species were 

identified; G. stearothermophilus, G.thermodenitrificans and G.debilis. Further work will comply 

with the improvement of this BC to improve the consortia for enhancing the efficiency to 

solubilize lignocellulose biomass by using the CRISPR/Cas9 system based on omics analysis 

of the consortium. 
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Aquaculture is one of the fastest growing food production sectors. However, land-based 

aquaculture faces water scarcity and space restrictions which hamper its development. 

Aquaculture recirculation systems (RAS) help tackle these problems, although in most systems 

the recycling of water increases nutrient and organic matter concentrations, which often 

translates to fish mortality.  

This work aimed to evaluate the feasibility of an aerobic granular sludge (AGS) system as a 

novel alternative for the treatment of aquaculture streams, characterized by low nutrient and 

carbon concentrations. The efficiency for nutrients removal aiming at water recirculation was 

assessed as well as the AGS microbiome composition dynamics over operation. 

The AGS system was inoculated with mature granules from a full-scale WWTP and fed with a 

synthetic medium mimicking a trout farm aquaculture recycling water. High ammonium removal 

efficiencies of 87-100% and ammonium removal rate of approximately 14.5 mg NH4
+-N/(L⋅d) 

were achieved. The AGS microbiome, mainly composed by members of the Proteobateria 

phylum, had a core microbiome composed of different functional groups (e.g. denitrifying 

bacteria, nitrogen fixing bacteria, ammonium oxidizing bacteria, phosphorus accumulating 

bacteria and extracellular polymeric substance (EPS) producing bacteria). 

The AGS system was able to produce effluents of high-quality, with ammonium content below 

the toxic levels for fish, and thus suitable for recirculating in the aquaculture. 
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3D scaffolds that allow cell proliferation and differentiation into functional tissues are an 

important step to develop new approaches for wound management applications. These 

scaffolds must be biocompatible and have adequate physical properties to support skin cells 

proliferation and differentiation. Polyhydroxyalkanoates (PHAs) are natural thermoplastics with 

tunable structures, which makes them promising materials to develop 3D scaffolds for skin 

tissue engineering. Given this, the aim of this work was to produce 3D PHA-based porous 

scaffolds for reconstruction of human dermis. To further enhance the performance of these 

scaffolds, FucoPol, a bacterial polysaccharide with inherent biological activity, was 

incorporated within the PHA matrices [1,2]. 

Porous films were prepared by emulsion templating using a PHA terpolymer composed of 3-

hydroxybutyrate (3HB), 3-hydroxyvalerate (3HV) and 3-hydroxyhexanoate (3HHx), (P(3HB-

3HV-3HHx)). The polymer solution in chloroform was emulsified by mixing with either deionized 

water or a FucoPol aqueous solution. SEM imaging revealed that highly porous structures were 

obtained with both strategies and the analysis of the mechanical properties revealed that PHA-

FucoPol scaffolds have higher stiffness and tensile strength but less elasticity, when compared 

with PHA-water films. Both scaffolds were seeded with human dermal fibroblasts (HDFn) and 

cultured for eight or fourteen days and both supported cell adherence and proliferation as 

shown by microscopic analysis. Interestingly, the presence of FucoPol conferred improved 

biological responses, especially in organized neo-tissue formation. 
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Geobacter bacteria are electroactive microorganisms with great biotechnological interest in 

microbial electrochemical technologies (MET) [1]. Their ability to exchange electrons between 

intracellular donors and extracellular acceptors allows them to thrive in extreme environments, 

using toxic and radioactive compounds as terminal electron acceptors [1]. These features 

make them ideal candidates for water-treatment stations near contaminated ditches, designed 

to couple bioremediation and bioenergy production technologies. Presently, the low microbial 

current output is the limiting step in the scale-up of these systems. This bottleneck may be 

circumvented by complementary efforts of different research areas, including microbiology, 

electrochemistry, materials science and (bio)engineering. 

Due to their high flexibility and apparent redundancy, the extracellular electron transfer (EET) 

routes of Geobacter bacteria are yet to be completely understood [2]. Multiheme cytochromes 

are known to be the key players and establish an electron transfer network through the inner 

membrane, periplasm, and outer membrane (OM). The disentangling of this paradigm, coupled 

with protein engineering, may lead to optimized Geobacter strains, with optimal application in 

MET [1]. 

There are five known OM porin-cytochrome complexes in Geobacter directly linking electron 

transfer with extracellular acceptors [3]. In this work, the periplasmic protein ExtJ from the OM 

porin-cytochrome complex ExtHIJKL was heterogeneously expressed and studied by 

complementary biophysical techniques. ExtJ naturally forms homodimers via a C-terminal 

cysteine and is most likely crucial for proper assembling of the ExtHIJKL complex. The results 

obtained constitute a stepping-stone towards the full understanding of the EET mechanism in 

Geobacter. 
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The pulp and paper (P&P) industry is a growing sector of great relevance to the Portuguese 

economy. In the last decade, the P&P industry invested in reducing and valorising the residues 

towards a more circular economy. 

The main objective of the present work is the proof of concept of the viability of using 

Eucalyptus globulus bark, a widely available residue derived from the wood preparation for the 

pulp production, as a feedstock for the production of cellulosic ethanol.  

For that purpose, the bark was pretreated using the kraft pulping process, a well-established 

technology in the P&P industry. The kraft pulp was subsequently subjected to enzymatic 

hydrolysis for releasing the fermentable sugars. The hydrolysate fermentation was carried out 

in batch mode in Erlenmeyer flasks, using Ethanol Red® for selecting the best experimental 

conditions and a scale-up to 5-L bioreactor was successfully performed. The evaluation of 

different alternatives, aiming to reduce the associated costs of nitrogen supplementation 

sources typically used at laboratory scale, yeast extract and peptone, was carried out. The 

results demonstrated that E. globulus bark kraft pulp hydrolysate is a promising source of 

cellulosic sugars for bioethanol production. This strategy should contribute to an integrated 

biorefinery in the P&P mill. 
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Surfactants have paved a way for novel applications in different industries, due to their 

pronounced surface-active properties. Considering the growing environmental concern that 

these synthetic tensides entail to the ecosystem, their microbial production has gained 

pertinent attention[1]. Biosurfactants hold a niche for themselves, as an improved alternative 

to their chemical counterparts, since they feature lower toxicity and better biodegradability, and 

also the ability to synthesize them using low-cost raw materials. Although the valuable 

properties of biosurfactants outweigh synthetic tensides, their production on a large scale is 

still hindered, due to the raw material costs, low yields, and purification processes[2].  

Considering the need to reduce the production costs, the aim of this work was to characterize 

a biosurfactant produced by the bacterium Burkholderia thailandensis DSM 13276, cultured in 

medium containing 10 g/L of terephthalic acid, a plastic monomer that results from the 

depolymerization of polyethylene terephthalate. The biochemical characterization revealed a 

biosurfactant constituted mostly of sugars and protein. Furthermore, apart from the higher 

emulsification activity in several hydrophobic hydrocarbons, this molecule showed a strong 

thermostability regarding surface tension reduction and emulsion activity. The biosurfactant 

was characterized in terms of its molecular mass distribution, thermal and rheological 

properties. Our results demonstrated that this cost-effective production resulted in a versatile 

biosurfactant with potential for pharmaceutical or food formulations. 

 

[1] S. J. Varjani and V. N. Upasani, “Critical review on biosurfactant analysis, purification and 

characterization using rhamnolipid as a model biosurfactant,” Bioresour. Technol., vol. 232, pp. 389–397, 

May 2017, doi: 10.1016/j.biortech.2017.02.047. 

[2] E. O. Fenibo, S. I. Douglas, and H. O. Stanley, “A Review on Microbial Surfactants: Production, 

Classifications, Properties and Characterization,” J. Adv. Microbiol., no. January, pp. 1–22, Sep. 2019, doi: 

10.9734/jamb/2019/v18i330170. 
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Polysaccharides are one of the most abundant and inexpensive bioactive substances found in 

nature and have been used in food, cosmetics and pharmaceutical industries. Among them, 

carboxymethyl cellulose (CMC) is one of the most widely used water-soluble polysaccharide 

due to its lack of toxicity, biodegradability and biocompatibility (Ahsan, 2019). These 

characteristics have potentiated its interest and applicability in various industries, such as food, 

cosmetics and tissue engineering. CMC has been mainly used as structural agent or stabilizer, 

while its biological potential has not been widely explored (Pettignano et al., 2019). Considering 

this, the aim of this work was threefold: employ a circular economy approach to sugarcane, 

and from its bagasse residues extract cellulose and functionalize it to carboxymethyl cellulose; 

characterize the CMC in terms of its physicochemical properties (i.e., purity, crystallinity and 

degree of substitution); and evaluate the antimicrobial activity of the CMC synthesized towards 

pathogenic microorganisms (e.g., S. aureus and E.coli). 

The results obtained showed that the produced CMC has a purity of 99.6% (which allows its 

utilization as food or cosmetic ingredient), a degree of substitution (DS) of 0.4 and a crystallinity 

index of 47.4%. In terms of antimicrobial activity, results showed MIC values of 5 mg/mL 

against S. aureus, S. epidermidis and S. enteritidis, and 10 mg/mL against L. monocytogenes 

and E. coli. Furthermore, the results obtained showed that in identical conditions, commercial 

CMC sample obtained from Sigma, displaying a purity of 99.5%, a DS of 0.7 and a crystallinity 

index of 43.4%, did not possess any relevant antimicrobial activity, as no MICs were recorded. 

These results show the potential of sugarcane bagasse as a potential source of sustainable 

biologically active CMC, thus valorizing an industrial byproduct with low commercial value into 

a valued active molecule with applicability in various industries. 
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Sugarcane bagasse, the major by-product of the sugarcane industry and a very promising 

renewable and low-cost raw material, can be used to produce valuable materials such as 

cellulose or cellulose-based materials as cello-oligomers. Cello-oligosaccharides (COS) are 

linear chains of β-1→4 linked anhydroglucose units with a low degree of polymerization (DP) 

usually up to 6, which can be obtained by hydrolysis of cellulose. They are water‐soluble 

molecules that are not digested or absorbed by the human gastrointestinal tract, so they have 

potential to be used as prebiotic agents (Zweckmair et al., 2016, Ávila et al., 2021). In this work, 

COS were extracted from sugarcane bagasse and evaluated as carbohydrate source of 

probiotic bacteria. To do so, COS were obtained by an acid hydrolysis of sugarcane bagasse 

with phosphoric acid. The strains Bifidobacterium BB-12, Lactobacillus plantarum 299v and 

Lactobacillus casei were tested and cultivated with basal nutrient media (BNM) in the absence 

of glucose or any other carbohydrate. Fructo-oligosaccharides (FOS) were used as control and 

a commercial cellobiose as standard reference, being both compared to COS. Cultivation took 

place at the optimal growth temperature of 37 °C in anaerobiosis. Growth rate was monitored 

by identifying the optical density at 625 nm during 24h. Results showed that COS promoted L. 

plantarum 299v growth more than FOS (used as control) and identical to the obtained when 

supplemented with glucose. This can be an interesting finding through the development of a 

prebiotic agent from the major sugar industry by-product in alternative to FOS, important in 

gastrointestinal microbiota modulation. 
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The genus Emericellopsis is mainly found in marine environments in association with 

macroalgae, sponges, and sediments and as planktonic, in sea water. Although Emericellopsis 

has been recognized as an important source of bioactive compounds, the range of metabolites 

expressed by these species, as well as the genes involved in their production, are still poorly 

known. Recently, we described a new algae-associated fungus, Emerecillopsis cladophorae. 

This species produces proteinases, chitinases, cellulases, ureases, pectinases, among others, 

and has antibacterial, antioxidant and cytotoxic properties. To uncover the biosynthetic 

potential of E. cladophorae, an untargeted metabolomics approach was used. The crude 

extract library revealed a promising source of antifungal, antibacterial, anticancer, and anti-

inflammatory metabolites. We also detected unknown metabolites which may represent novel 

compounds. Moreover, it was shown that the metabolites’ profile of E. cladophorae are salt-

dependent. Lastly, our findings also underline genomic signatures that allow E. cladophorae to 

thrive in saltwater: 1) presence of CAZymes allowing the utilization of marine polysaccharides 

(e.g., chitin, algal fucoidan and ulvan); 2) transport systems associated to ionic homeostasis 

(e.g., sodium, chloride, calcium, potassium, and aquaporins); 3) genes involved in osmolytes’ 

biosynthetic processes (e.g., glycerol, mannitol, inositol, sorbitol, trehalose, glycine, and 

betaine); and 4) genes involved in the high-osmolarity glycerol pathway. 
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There is an increasing need to find novel and robust biocatalysts with promising features that 

compete with those currently available on the market. Composting is an extreme habitat of high 

microbiological diversity that represents a suitable source of lignocellulose-degrading 

enzymes, such as cellulases, hemicellulases and ligninases, properly active under harsh 

conditions. These enzymes can convert the recalcitrant structure of lignocellulose into valuable 

bioproducts with great biotechnological potential. β-Glucosidases are glycoside hydrolases 

responsible for degrading cellulose, namely in the disruption of the final glycosidic bonds of 

short-chain oligosaccharides to obtain glucose. Metagenomics is an emerging culture-

independent technique that has proven effective in identifying new biocatalysts with better 

catalytic activity through the analysis of DNA extracted from a vast number of environments. 

The metagenomic analysis is divided into two main technologies: sequence- and functional-

based approach. Function-based screening aims to discover and identify new genes capable 

of producing biocompounds/biomolecules with new or improved functions. This screening is 

based on the detection and isolation of clones with a positive response to the desired 

phenotype when activity-based techniques are applied. In this study, high-molecular-weight 

DNA extracted from a compost sample was used to construct a fosmid metagenomic library. 

This library was evaluated through a functional screening to identify clones that expressed 

cellulase activity, specifically β-glucosidase activity. The enzymatic activity was unravelled 

using esculin as substrate through the formation of a brown halo as a positive response (Figure 

1). The functional screening was performed in 96-well microplates and the detection of β-

glucosidase activity was evaluated at different temperature (25-60 °C) and pH (4.5-9.5) 

conditions. It was possible to identify clones with the enzymatic activity of β-glucosidase in 

almost all tested conditions, except at 60 °C. The best conditions for clone growth occur in a 

longer initial incubation time (3 days, 37 °C). On the other hand, the lower pH and incubation 

temperature favoured a faster detection of β-glucosidase activity. 

The study received financial support from the Portuguese Foundation for Science and 

Technology (FCT) under the scope of the strategic funding of UIDB/04469/2020 unit and the 

Project LIGNOZYMES (POCI-01-0145-FEDER-029773).  
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Figure 1. Functional screening performed in 96-well microplates for the β-glucosidase activity in the presence of esculin as 

substrate. The colour change of the agar culture medium to brown colour is indicative of a positive result. 
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Electrogenic Geobacter bacteria sustain their growth through Extracellular Electron Transfer 

(EET) by coupling the oxidation of organic compounds to the reduction of extracellular electron 

acceptors [1]. These physiological features motivated the development of Geobacter-based 

Microbial Fuel Cells for production of electrical energy upon association with electrodes. The 

redox response of G. sulfurreducens’ biofilms is centered at −0.15 V [2], a potential well-

correlated with the one of the abundant periplasmic PpcA cytochrome [3], constituting this 

cytochrome an excellent target to improve Geobacter-based biotechnological applications [1]. 

A recent study on one of its homologous cytochromes – PpcA from G. metallireducens – 

revealed strikingly different functional properties although the two cytochromes only differ in 

thirteen amino acids [4]. To understand these differences, we have replaced eleven non-

conserved residues of PpcA from G. metallireducens with the counterparts in PpcA from G. 

sulfurreducens. We evaluated the mutations’ effect in the redox properties using a 

methodology that combined UV-Visible redox titrations and 2D-EXSY NMR experiments. 

Single, double and triple mutants that combined the cumulative “effective” mutation of each 

round of mutations were produced and the residues directly responsible for modifications in 

the functional properties of the proteins will be presented in this work. These results constitute 

the first steps for the development of rationally designed cytochromes, with specific redox 

properties, for improvement of EET efficiency in Geobacter cells.  
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Fructophily - the preference for fructose as a carbon source - is a rare metabolic trait, which is 

shared by most yeasts of the genera Wickerhamiella and Starmerella. Recent findings suggest 

that this behavior is related to a particular strategy used to fulfill the redox balance: fructose is 

directly converted into mannitol in an NADPH-consuming reaction [1]. Within this group of 

yeasts, Starmerella bombicola is a producer of sophorolipids, via a pathway that also depends 

on NADPH [2]. 

Given the potential to create an excess of NADPH in the cell by abolishing the mannitol and 

sophorolipid pathways, we set out to explore the capability of S. bombicola to host a 

heterologous NADPH-consuming pathway with biotechnological interest. 

Using an already constructed deletion mutant of the mannitol biosynthetic pathway 

(mtdh1Δmtdh2Δ) [1] we performed a knock-out of the cyp52m1 gene, which encodes a 

cytochrome P450 monooxygenase that catalyzes the first reaction of the sophorolipid 

biosynthetic pathway, constructing the triple deletion mutant mtdh1Δmtdh2ΔcypΔ. A single-

deletion mutant of the same gene, cypΔ, was also constructed. The abolishment of 

sophorolipid production in the cypΔ and mtdh1Δmtdh2ΔcypΔ mutants was confirmed through 

Thin-Layer Chromatography and NMR analyses. The metabolism of glucose in the three 

mutants was characterized by analysis of mannitol and other end-products. 

We anticipate that the mtdh1Δmtdh2ΔcypΔ strain will be a useful platform for the heterologous 

expression of NADPH-consuming pathways, such as that leading to production 2,3-butanediol. 

 

1. Gonçalves, C., et al (2019). A new pathway for mannitol metabolism in yeasts suggests a link to the evolution 

of alcoholic fermentation. Front Microbiol, 10, 2510. https://doi.org/10.3389/fmicb.2019.02510 

2. Van Bogaert, I. N. A., et al (2016). Synthesis of bolaform biosurfactants by an engineered Starmerella 

bombicola yeast. Biotechnol. Bioeng, 113, 2644–2651. https://doi.org/10.1002/bit.26032 
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Gamma-aminobutyric acid (GABA) is frequently used as a food supplement due to its health-

promoting properties such as anti-stress, anti-hypertensive and anti-diabetic. The concern with 

the use of synthetic products has increased the demand for foods that are naturally enriched 

in bioactive molecules such as GABA. In addition, excess whey is a main concern of dairy 

industries due to the high cost of its treatment. Here, we report the use of a novel Enterococcus 

malodoratus strain, isolated from cheese, for production of sweet whey beverage naturally 

enriched with GABA. Lactic acid bacteria were isolated from S. Jorge cheese and screened for 

the production of GABA by HPLC. Three isolates identified as E. malodoratus showed a high 

conversion of glutamic acid to GABA (37– 44%) in culture medium supplemented with 3% 

glutamic acid. To our knowledge, this is the first report of E. malodoratus as a potential GABA-

producer. A beverage was made with pasteurized sweet whey (pH 6.4) as the main raw 

material for fermentation (30°C, 48h), supplemented with glutamic acid (0.5%) and E. 

malodoratus strain (GABA-producer). At the end of fermentation, a concentrate of pineapple 

or passion fruit was added (9%) to improve sensorial attributes. Beverages were also subjected 

to chemical and microbiological analysis and evaluated for acceptability with an untrained taste 

panel. High conversion rates of glutamic acid to GABA were observed in these beverages (50–

71%) and were maintained up to 14 days of storage (4°C). GABA concentrations were 2.32–

3.12 g L-1 and 2.64–3.27 g L-1 in the pineapple-flavored and passion fruit-flavored beverages, 

respectively. A dose of 100 ml of the beverage corresponded to an approximate intake of 250–

300 mg of GABA, a dose in the same range as that provided by commercially available GABA 

supplements. E. malodoratus counts (6 Log cfu mL-1) were maintained throughout storage (14 

days). Beverages showed comparable pH (4.3), titratable acidity (0.63–0.73%), moisture 

(90%), protein (0.5%), fat (1.0%) and sugar (6.5–8.7%) contents. The beverages achieved a 

positive score (4/5) by the taste panel, suggesting that they can be incorporated into 

consumers' daily eating habits. In conclusion, these naturally GABA-enriched beverages have 

the potential to bring health benefits to consumers while reducing waste in dairy industry and 

promoting circular economy. 
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In recent years, the biotechnological potential of microalgae has become increasingly 

interesting, due to the identification of several value-added biomolecules with a wide range of 

application in different sectors such as animal feed, food, cosmetic, biopharmaceutical and 

nutraceutical industries.1 With this in mind, in this work and the production of biologically active 

molecules, the biomass of Chlorella vulgaris and Tetraselmis chuii, grown under autotrophic 

conditions, was collected at stationary phase. Then the microwave assisted extraction (MAE) 

was used to extract these bioactive compounds.  

The optimization of the extraction variables using MAE to obtain high contents of total 

polysaccharides, β-(1,3)-D-glucans and phenolic compounds was performed by applying 

response surface methodology using a two-level full factorial in three factors. The detection 

and quantification of these compounds were performed following well-established methods.2,3,4 

The factor that mostly contributed to the obtained models, is undoubtedly the nature of the 

solvent and the maximum recoveries of total polysaccharides and phenolic compounds, were 

obtained using ethanol as solvent, at 150 ºC during 15 min. 

Thus, the studied extracts could be further investigated, considering their biochemical 

properties in the development of new functional foods or nutraceutical preparations. 
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Sugarcane syrup is used as feedstock in the industrial production of β-farnesene through yeast 

fermentation as it provides an efficient and sustainable source of fermentable sugars. However, 

syrup contains phenolic compounds, which have diverse antimicrobial activities, and thus may 

interfere with the fermentation process. The aim of this work was to characterize the phenolic 

content in 2 L bioreactors during 13 days of β-farnesene fed-batch fermentation with 

engineered Saccharomyces cerevisiae, reproducing the industrial process conditions, and 

apply a kinetic model able to describe the transfer of phenols from syrup to the culture broth. 

Total phenols concentration in the syrup, quantified by the chromatographic method LC-ESI-

UHR-QqTOF-MS, was 50.66 mg/L, which was divided in three different classes: 

hydroxybenzoic acids (29%), hydroxycinnamic acids (50%) and flavonoids (21%). In 

bioreactors, the concentration of hydroxycinnamic acids and flavonoids increased from 

beginning to the end of fermentation, reaching 27.93 mg/L and 14.51 mg/L, respectively, while 

hydroxybenzoic acids concentration stayed around 11 mg/L since the second day. The Weibull 

kinetic model successfully fitted to data of predominant phenols with a coefficient of 

determination (R2) ≥ 0.95. This model will allow to predict the phenolic content inside industrial 

bioreactors fed with sugarcane syrup, especially the most harmful compounds. 
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Meat industry produces large volumes of water streams with a complex and high strength 

composition. The use of microalgae for reducing the organic and nutrient load of such streams 

is promising with the plus that the microalgae biomass produced can be collected as an added 

value product, and further used for a range of applications.  

In this study, the microalgae ability to grow in meat processing wastewater, while improving 

water quality, was assessed. For that, a prototype raceway system was inoculated with a 

microalgae consortium and was fed with wastewater collected at a meat processing industry. 

The wastewater consisted of a mixture of streams from the cleaning of cooking drums and the 

cooling processes. Over 2 months, the raceway was operated in fed-batch mode, under 

varying wastewater composition. A total of 7 fed-batch cycles were performed, each using a 

different batch of wastewater collected at the industrial facility. 

In the first feeding cycle, an organic carbon reduction of ca. 91% was achieved, with a removal 

rate of 685 mg l-1 d-1. On the subsequent feeding cycles, the organic carbon removal rate 

increased up to 806 mg l-1 d-1. Ammonium concentrations fluctuated over time, probably due 

to the complex composition of the wastewater. Nevertheless, longer fed-batch cycles seemed 

to improve ammonium removal. Microalgae biomass productivity increased over time, 

accompanied by the development of an intense green coloration.  

The operation by repeated fed batch seemed feasible for microalgae cultivation in meat 

processing wastewater, allowing concomitantly its remediation.  
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1CEB – Centre of Biological Engineering, University of Minho, Campus Gualtar, Braga, Portugal; 2Chemical 

Engineering Department, Faculty of Science, Campus Ourense, University of Vigo, Spain  

 

The utilization of lignocellulosic biomass for the production of biofuels has appeared as a 

possible solution to alleviate the envisioned depletion of fossil resources. Nevertheless, the 

attainment of economically viable lignocellulosic-based biorefineries requires the combined 

production of low value biofuels with high value compounds. 5-hydroxymethylfurfural (HMF) 

and its derivative 2,5‐Furandicarboxylic acid (FDCA) have been previously identified as top 

promising chemicals to be obtained from biomass. Therefore, this work explored the potential 

of (1) wine residues as renewable sources of hexoses for the production of HMF and (2) 

Saccharomyces cerevisiae-the preferred microorganism for bioethanol production- as a whole 

cell biocatalyst for the conversion of HMF into high value derivatives. For that, grape must and 

pomace were submitted to aqueous microwave treatment at different temperatures and 

durations for extraction of sugars and their dehydration into HMF. Moreover, different industrial 

S. cerevisiae strains were compared in terms of HMF conversion, showing different potentials 

for its oxidation or reduction: with 2,5‐Hydroxymethyl‐furan‐2‐carboxylic acid (HMFCA) 

production being favored under more aerobic conditions, while oxygen limitation favored 2,5-

Bis(hydroxymethyl)furan (BHMF) accumulation. S. cerevisiae strains were then able to 

produce these compounds using an HMF-rich medium derived from wine residues. Also, 

genetic modifications of the yeast resulted in an increase in the accumulation of the further 

oxidized derivatives FDCA and 5‐formyl‐2‐furancarboxylic acid (FFCA). Taken together, these 

results prove S. cerevisiae to be a promising whole cell biocatalyst, allowing the envisioning of 

integrated biorefineries with combined production of biofuels and high value compounds. 

 

Funding: This study was supported by the Portuguese Foundation for Science and Technology (FCT, Portugal) 

under the scope of the strategic funding of UIDB/04469/2020, the MIT-Portugal Program (Ph.D. Grant 

PD/BD/128247/2016 to JTC), and Biovino (0688_BIOVINO_6_E), funded by ERDF through INTERREG España 

– Portugal. 
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The overall aim of the BIOREM project is the implementation of an innovative and 

environmental friendly solution to tackle with one of the most damaging sources of maritime 

pollution: spills of oil and maritime fuels. This solution is based on the production of 

autochthonous microbial consortia with bioremediation capacity, and the adaptation of 

unmanned aerial vehicles for in-situ release of autochthonous microorganisms 

(bioaugmentation) and nutrients (biostimulation). By doing so, these systems can be used as 

first line responders to pollution incidents in a fast, efficient and low cost way. Such innovative 

solutions aim to: (i) be environment-friendly, by using native organisms to naturally degrade oil 

spills, and thus avoiding the introduction of additional chemical or biological additives; (ii) 

integrate spill combat missions, by using unmanned aerial vehicles, which are able to operate 

under unfavourable and harsh conditions with low human intervention; (iii) increase the overall 

efficiency of the spill combat, by acting on defined targets and areas; (iv) decrease the overall 

time to reaction and mission costs, by using unmanned aerial vehicles, whose deployment is 

faster and less costly than using boats, planes or helicopters.  

The project started with the creation of a georeferenced library of microbial consortia with high 

degradation capacity of petroleum compounds and native to a target geographic marine region 

(NW Portugal). This task started with the development of the native consortia library concept, 

following by the work-flow to select and preserve the native consortia with high ability for 

petroleum compounds degradation. The final step was their identification and characterization 

at the taxonomic and functional level by using 16S rRNA gene amplicon sequencing and 

predictive functional profiling. Few of those selected cooperative native microbial consortia are 

being used to optimize the scale up production and for the environmental tests. 

In addition, we will also formulate a cocktail of nutrients to stimulate the consortia activity, and 

optimize the consortia production for large scale application, envisioning the formulation of a 
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lyophilized microbial product for application in spill scenarios. Also, unmanned aerial vehicles 

were adapted for application of bioremediation treatments, and protocols are being developed 

for their delivery and recovery in an oil spill scenario. Finally, the autochthonous microbial 

consortia will be integrated in the unmanned aerial vehicles and this innovative solution will be 

validated in both lab and field environments and demonstrated at a “quasi-real” scenario. 

 

Funding: Project BIOREM (PTDC/BTA-GES/32186/2017; POCI-01-0145-FEDER- 032186), supported by FEDER 

through COMPETE2020 – POCI and FCT/MCTES. 
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251. Overexpression of bacterial metallothioneins increases 

 the Gallium and Indium recovery 

 

Rita Branco and Paula V. Morais 

University of Coimbra, Centre for Mechanical Engineering, Materials and Processes, Department of Life 

Sciences, Coimbra, Portugal 

 

 

Metallothioneins (MTs) are small cysteine-rich proteins that play important roles in the 

scavenging of the heavy metals and protection against metal toxicity. Many works reported the 

importance of MTs in sequestration of cadmium, zinc, copper and mercury. 

Objectives: Development of genetically engineered Escherichia coli BL21 cells able to 

overexpress different variants of the MT gene of Pseudomonas aeruginosa. Evaluation of the 

capacity of the different MTs to confer resistance to gallium (Ga) and indium (In) and to remove 

both metals from solution. 

Results: MT gene was amplified in order to obtain four different variants of protein, cytoplasmic 

expressed MT with or without His tag and outer membrane MT with or without His tag. The 

ability of these MT proteins to confer Ga and In resistance to E. coli was evaluated comparing 

the growth from cell suspensions (OD600=0.4) in R2Ab medium with 3 mM Ga and 1 mM In. 

MT-expressing cells were able to grow in the presence of both metals. Comparing with the 

control strain, the expression of cytoplasmic and membrane MTs increased the accumulation 

of Ga in 3.8±0.1 and 1.8±0.05 fold, respectively.  In case of In, the expression of all types of 

MTs resulted in a similar increase of metal accumulation, with approximately 7 fold higher In 

amount than native BL21. Cytoplasmic MT-His tag construction was chosen for further studies. 

Minimum inhibitory concentration assays (MIC) showed that in the presence of IPTG, the Ga 

and In MICs for the engineered strain were 3 mM and 0.75 mM, respectively, while the MICs 

of control BL21 were only 2 mM and 0.38 mM, respectively. Assays of metal binding - purified 

protein showed that temperature of 25 ºC and pH 7 promote the greatest Ga removal from 

solution. Moreover, increasing the protein concentration from 100 μg to 300 μg enhanced the 

Ga removal capacity.   

Conclusions: Our results suggest that MTs play important roles in Ga and In detoxification and 

can be used to remove these critical metals through an environmentally friendly approach, 

which can be important for metal remediation and recovery. 
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254. Metal biosorption by bacterial biopolymers 
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Currently, an increasing research interest has been directed to bio-based materials as viable 

alternatives to the conventional treatments for decontaminating mine waters. Biopolymers are 

excellent examples of such materials since they show excellent metal-binding properties with 

varying degrees of specificity and affinity due to the presence of different functional groups, 

such as amino, carboxyl, hydroxyl, and phosphate. 

Objective: In this work metal biosorption ability of cellulose-like polymers produced by two 

bacterial strains, Phyllobacterium myrsinacearum 20M4 and Stenotrophomonas maltophilia 

Faro439, isolated from different environments (frog skin and shower surface) was analyzed. 

Results: The biopolymers produced by these bacteria seem to be cellulose-like polymers, since 

genome mining revealed the presence of genes related with cellulose synthesis. Both genomes 

contain genes encoding for BcsA and BcsB subunits. BcsA is the catalytic subunit of cellulose 

synthase complex and BcsB is an auxiliary subunit that interacts with BcsA and regulates 

cellulose synthesis. Together, they make up the minimum complex required for cellulose 

synthesis.  

The metal biosorption ability of both biopolymers was determined in batch assays, in 50 ml of 

saline solution (0.85% NaCl) with an initial metal concentration of 1 mM (Cu2+, Zn2+, Ga3+, Te3+ 

and In3+) and 20 mg or 40 mg of biopolymer. The biosorption capacity of both biopolymers 

were similar for Ga in the two doses of biopolymer tested, ranging between 56.65 and 95.4 

mg/g. In the case of copper biosorption the biopolymer produced by S. maltophilia showed a 

higher biosorption capacity (93.72 mg/g) when compared to the one produced by P. 

myrsinacearum (73.13 mg/g) at the dose of 20 mg. On the other hand, in presence of Zn, P. 

myrsinacearum biopolymer showed a biosorption capacity 4 times higher (80.2 mg/g) 

compared to S. maltophilia biopolymer. Both biopolymers were not able to biosorp Te and In. 

The pseudo-second order kinetic model was a better fit for the biosorption behavior of these 

biopolymers, than the pseudo-first-order model: the obtained data have R2>0.90. These 

results indicate that functional groups (OH-) of the cellulose-like biopolymer may be involved 

in biosorption and that chemical interaction is the rate limiting on the biosorption process. 
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SEM-EDS analysis showed the structure of the biopolymers and mapped the metals on their 

surface after the biosorption process. 

Conclusions: Cellulose-like biopolymer produced by both bacteria showed effective biosorption 

capacity for Ga3+ and Cu2+, for Zn2+ S. maltophilia biopolymer shower a lower efficiency. 

 

Acknowledgments: Microminer (PTDC/CTA-AMB/31820/2017); CEMMPRE (UID/EMS/00285/2020); 

BIORECOVER H2020 (821096); 3D-2-4D PTDC/CTM-COM/30767/2017. 
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261. Comparative genomics of bacterial mine isolates to unravel metabolic features 

linked to gallium bioleaching ability 
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In Europe, Gallium is considered a high tech Critical Metal, used in the manufacture of several 

microelectronic components containing either gallium arsenide (GaAs) or gallium nitride (GaN). 

The current high demand for this critical metal urges the development of effective recovery 

processes of gallium from low concentrated solutions or electronic recycling material.  

Objective: Five mine bacterial strains Duganella sp. A2-17, Sphingomonas sp. A2-49, 

Arthrobacter sp. A2-55, Rhodanobacter sp. B2A1Ga4, and Undibacterium sp. Jales W-56) 

showed a high ability to leach gallium from GaAs and GaN. In this work, we performed a 

comparative genomic analysis to identify potential functional genomic features linked to the 

gallium bioleaching ability.  

Results: The bacterial genomes were predicted to contain between 3,580 and 6,685 protein-

coding sequences (CDS). The Clusters of Orthologous Group (COG) annotation showed that 

77.8% to 82.3% of the CDS were matched to putative proteins with known functions. The COG 

category “Amino acid transport and metabolism (E) was the most commonly abundant in all of 

the genomes (8.5-13%) along with the “Energy production and conversion” 

(C),”),”Carbohydrate transport and metabolism” (G), “Transcription” (K) and “Inorganic ion 

transport and metabolism” (P) that ranged between 5.1 to 10.7%. Amino acids and peptides 

have been reported as chelating agents, interacting and mobilizing several metals such as 

gold, palladium, platinum, titanium, aluminum, and gallium. Thus, amino acids and peptides 

produced to the growth supernatant might play a major role in the Ga leaching mechanism in 

these bacteria. The genome of Rhodanobacter sp. B2A1Ga4 showed a higher number and a 

more diverse set of genes involved in arsenic resistance, comprising the arsABCDHR genes 

and also the ACR3 gene, when compared to the other bacterial genomes. The presence of 

these genes, in strain B2A1Ga4, can potentially provide a higher resistance to arsenic and a 

higher efficiency to bioleach gallium from GaAS. Three types of bioleaching assays were 

performed: batch growth, cultures at different growth phases, and spent medium assays 

(GaAs; GaN). The highest efficiency for gallium leaching (56%) was obtained for GaAs with 

strain B2A1Ga4 in batch growth bioleaching assays, while for GaN, gallium leached was 
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between 24 and 40%. The presence of bacterial cells was important to the leaching process of 

GaN, since free-cell spent medium assays presented the lowest values (2-22%). 

Conclusions: Overall, in this work we highlighted genomic traits that might be involved in 

gallium bioleaching process. 

 

Acknowledgments: Microminer (PTDC/CTA-AMB/31820/2017); CEMMPRE (UID/EMS/00285/2020); ERA-MIN2-

Reviving 2020; BIORECOVER H2020( 821096). 
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respiration in sulfate reducers 

 

Gonçalo Manteigas1, Américo G. Duarte1 and Inês Cardoso Pereira1 

1Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa 

 

Sulfate-reducing prokaryotes are widespread in anaerobic sulfate rich environments, such as 

marine sediments or the human gut, where they play a major role in the carbon and sulfur 

cycles.  These microorganisms have a versatile metabolism since they couple the oxidation of 

several carbon compounds or hydrogen to the dissimilatory reduction of sulfate or sulfite, and 

energy is transduced through highly conserved respiratory membrane complexes. [1] The 

QrcABCD is an electrogenic respiratory complex facing the periplasm that transfers the 

electrons from the periplasmic oxidation of hydrogen or formate to the quinone pool, which can 

be by the QmoABC complex or the DsrMK(JOP) complex to sustain sulfate or sulfite 

respiration, respectively [1-3]. In this work, we genetically engineered the model sulfate reducer 

Desulfovibrio vulgaris Hildenborough (DvH) by deleting the qrcABCD operon to perform 

phenotypic studies in different growth conditions. The results show that the QrcABCD complex 

is essential for coupling hydrogen and formate oxidation to the sulfate respiration, but it is not 

essential for sulfite respiration, suggesting that other respiratory complexes can circumvent the 

absence of Qrc under sulfite respiration.  

 

[1] Rabus, R. et al. Adv. Microb. Physiol. 66 (2015) 

[2] Venceslau et al. J. Biol. Chem. 285 (2010) 

[3] Duarte, A. G. et al. Nat. Commun. 9, 5448 (2018). 
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Microalgae have been found to be major sources of several high-value products, including 

antioxidants, such as fatty acids, vitamins, carotenoids and phenolics compounds. Accordingly, 

microalgae display higher production capacity of antioxidant compounds, when compared to 

plants.1 Various methods have been outlined for extraction of natural antioxidant and other 

bioactive molecules, although some have low extraction efficiencies, negative environmental 

impacts, long extraction times and high costs.2 In order to obtain extracts from Tetraselmis 

chuii with increased antioxidant activity, three extraction techniques were compared: multi-step 

(MS), continuous Soxhlet (SE) and microwave-assisted (MAE) methods. For that purpose, 

microalgal biomass was collected at different phases of the growth curve. Conventional MS 

extraction was performed with cold and boiling water, acidic and alkaline conditions; SE with 

ethanol; MAE with water, ethanol, and alkaline conditions. All extracts were analyzed for β-D-

glucans, phenolic compounds, flavonoids, proteins, and photosynthetic pigments contents. In 

vitro antioxidant activity was also evaluated.3,4 The extracts obtained by MAE (ethanol) were 

found to have the highest concentrations in β-D-glucans and flavonoids, while extracts of MAE 

(KOH) and MS exhibited the largest content in phenolic compounds and iron (II) chelating 

capacity. Therefore, the antioxidant compounds and activities obtained in this work for T. chuii 

extracts endorsed its potential use in food and feed, biopharmaceutical, and nutraceutical 

industries. 

 

Acknowledgements: We thank the IPL (PoliMAlga/IPL/IDI&CA-2019) and Fundação para a Ciência e a 

Tecnologia, I.P., through the research unit UIDP/04035/2020 (GeoBioTec), for financial support. 
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Growing concerns with severe global warming and fossil fuel depletion have stimulated 

research into alternative and clean energy sources. Biological hydrogen production is a 

promising route towards a new energy paradigm and a circular economy. Hydrogenases are 

the enzymes that in nature produce and consume hydrogen. They are very efficient catalysts 

due to their high turnover rates for H2 oxidation and production, but they are susceptible to 

inactivation by O2.  

In the structure of the [NiFeSe] hydrogenase from D. vulgaris Hildenborough, exposure to O2 

leads to the irreversible oxidation of Cys75 to sulphinate 1,2 A hydrophilic water channel leading 

to the active site was identified as the likely oxidation route3. This channel has a branch lined 

with hydrophobic residues unique to this enzyme. To hinder O2 access to Cys75 along this 

channel system, residues Gly50 and Gly491 in the large subunit were mutated to Thr, and Ala 

or Ser, respectively. The G50T mutation is located near the end of the hydrophilic branch and 

had no significant effect. However, both the G491A and G491S mutations, located before the 

branching point, significantly protected Cys75 against irreversible oxidation. Here, we aim to 

block the hydrophobic branch of the channel, near the junction with the hydrophilic channel by 

creating two variants: G17E in the small subunit and G50T(large subunit)G17E(small subunit), 

in order to restrict O2 access of to the active site with the least possible impact on the enzyme 

activity. 

 

1. Marques, M. C., Coelho, R., Pereira, I. A. C. & Matias, P. M. Redox state-dependent changes in 

the crystal structure of [NiFeSe] hydrogenase from Desulfovibrio vulgaris Hildenborough. Int. J. Hydrogen 

Energy 38, (2013). 

2. Marques, M. C. et al. The direct role of selenocysteine in [NiFeSe] hydrogenase maturation and 

catalysis. Nat. Chem. Biol. (2017)  

3. Zacarias, S. et al. A hydrophilic channel is involved in oxidative inactivation of a [NiFeSe] 

hydrogenase. ACS Catal. 9, (2019). 
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Objectives 

The need to produce enough food to support a growing population requires the development 

of new insecticides capable of controlling insect pests efficiently and safely. Several peptides 

expressed by different organisms are being studied in order to explore and improve their 

insecticidal potential. The entomopathogenic nematode, S. carpocapsae, which is used in 

biological control of pests, release proteins and peptides that causes insect death in a very 

short time. Among these molecules, twenty ShK-like domains were identified and predicted 

with toxicity. This work aimed to evaluate the insecticidal activity of one of these domains. 

Results 

Based on ClanTox analysis we selected the domain predicted with the highest toxicity (ShK 

d2_g14430s) to clone in E. coli in order to produce recombinant protein to test against insects. 

Due the multiple disulfide bonds that g14430s has, recombinant protein was expressed in a 

fusion vector with DsbC to enable potential periplasmic localization, favoring the solubility and 

proper folding in this non-reducing environment. The DsbC- g14430s construct was design in 

frame with 6x His, cloned in C41 cells and expressed in auto-induction medium at 37°C for 2 

hour. Under these conditions the recombinant ShK–DsbC was expressed in a soluble form. 

After purification one intense band with 34 kDa were visible in SDS-PAGE, corresponding to 

the recombinant protein. A yield of 2 mg/L of soluble protein was produced. Insecticidal activity 

of recombinant protein was tested in adults of D. melanogaster by injection. 100% mortality in 

less than 24h was achieved with a minimal dose of 10 ng per adult of recombinant protein. 

Conclusion 

We demonstrated that one ShK domain encoded by an entomopathogenic nematode has 

insecticidal activity.  

Impact of this work 

Because the entomopathogen that originates this ShK is applied currently to control insect 

pests in important crops and is considered safe, we assume this molecule has great potential 

as bioinsecticide.  

 

This project was supported by PO Açores (AÇORES-01-0145-FEDER-000113). 
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Background & Objectives: Lignocellulosic materials are growingly being used as an alternative 

to petroleum, from which biofuels and several added-value compounds can be produced. An 

example of such residues refers to eucalyptus barks, which are abundantly generated by pulp 

& paper mills and typically used for internal energy production. The conversion of their 

holocellulose fraction is usually conducted by well-established commercial enzyme cocktails 

mainly acting towards the hydrolysis of complex cellulose into monomer fermentable sugars. 

Such materials, however, can still present a considerable fraction of lignin, which is a well 

documented enzymes barrier. This work aimed to assess the potential effects from a laccases 

extract on the efficiency of hydrolysis of eucalyptus bark residues resulting from possible 

modifications on lignin structure or content. 

Methods: A laccases-containing extract was previously prepared by the group of Maria de 

Lourdes Polizelli through cultivation of Pleurotus sajor-caju on orange bagasse for 21 days. 

Eucalyptus bark residues (EBR) were subjected to a non-isothermal autohydrolysis pre-

treatment with a severity (S0) of 3.84. The pre-treated solid was hydrolyzed using Cellic CTec2 

combined with the laccases extract under distinct operational conditions. Potential effects of 

laccases addition were estimated through the quantification of released glucose over the 

hydrolysis time. 

Results: Laccases effects on the enzymatic hydrolysis of EBR were found to be dependent of 

different factors. Under a low solids loading (2 %), the addition of laccases simultaneously with 

cellulases resulted into no visible improvements. When laccases were added 24 h before 

cellulases a 11 % increase was observed in glucose production, possibly from a superior 

amount of electron donors, important for LPMOs on Cellic Ctec. Using a laccases mediator (2 

mM ABTS) led to no improvements under these conditions. Similarly, when laccase dosage 

increased from 2 to 10 IU/gsolid there was a visible reduction of hydrolysis efficiency, 

suggesting possible inhibition effects above a given level. Applying a dosage as low as 2 IU/g 

24 h before cellulases resulted on an improvement of glucose production of approximately 15-

20 % when 7 % solids were used. 



2.1 Biotechnology and Sustainablility  I 

 

469 
 

Conclusions: Laccases may represent a new valuable component for biomass degrading 

processes, which should enable more efficient hydrolysis and important savings over these 

processes. 

Acknowledgements: This work had the financial support from the Portuguese Foundation for 

Science and Technology under the scope of Project EcoTech (POCI-01-0145-FEDER-

032206). The authors also acknowledge RAIZ for kindly providing the residues of eucalyptus 
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Objectives: In this work we aimed to develop an electrotransformation protocol for 

Acetobacterium wieringae strain JM which is an attractive host for the establishment of a gas-

based biorefinery (1). So far only Acetobacterium woodii was modified towards the production 

of industrially relevant compounds within the Acetobacterium genus. Therefore, there is a 

strong need and interest for developing new and implementing existing genetic tools from other 

organisms to efficiently access and modify the metabolism of Acetobacterium species. To 

achieve this, we tested in Acetobacterium wieringae strain JM available molecular tools from 

clostridial species, namely the plasmid vectors pMTL82151, pMTL83151, pMTL84151, and 

pMTL84151 containing the Gram-positive replicons pBP1, pCB102, pCD6, and pIM13 with the 

thiamphenicol resistance gene (catP). With these tools we aimed to establish a stable, efficient, 

and reproducible electrotransformation protocol allowing high-level DNA transfer to 

Acetobacterium wieringae strain JM. Results: This work reports the development of an 

electrotransformation protocol for Acetobacterium wieringae strain JM. After systematic 

investigation of various parameters involved in the cell growth, washing, pulse delivery, 

outgrowth phases, and plating of the electrotransformation procedure we were able to 

transform strain JM with all four tested plasmid vectors, reaching efficiencies up to 2.75 x 104 

transformants μg-1 DNA. Key factors affecting the electrotransformation efficiency include cell-

wall-weakening using D-threonine, pH of wash buffer, field strength of the electric pulse, 

plasmid amount, and sucrose osmoprotection. Conclusions: Acetobacterium wieringae strain 

JM can be efficiently electrotransformed and genetically modified with plasmid DNA containing 

Gram-positive replicons. The electrotransformation method and tools reported here should 

promote extensive genetic manipulation and metabolic engineering of this biotechnologically 

relevant. Significance: Research efforts need to be directed toward expanding the product 

portfolio of gas fermentation, which is currently limited to mainly acetate and ethanol. This study 

unlocks one promising acetogen for the introduction of exogenous pathways which may lead 

the production of biocommodities from CO/CO2. 
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Saline wastewaters can result from different economical activities, such as food and chemical 

industries. The need to overcome water shortage is also producing more saline wastewater, 

especially in coastal cities where seawater is used for cleaning processes. This is leading to 

the need of biological wastewater treatment technologies able to tolerate high salt 

concentrations.  

Aerobic granular sludge (AGS) has been appointed as the best aerobic treatment process for 

saline wastewater, mainly due to the high bacterial aggregation and self-protection level that 

granules offer. Due to the existence of different microbial metabolic layers within the granules, 

AGS technology is used for removing organic carbon as well as nitrogen and phosphorous 

from wastewater. 

In this study, AGS biomass was acclimated to saline wastewater, by performing a stepwise salt 

addition over a period of 250 days, from 0 to 14 g NaCl L-1. A high bacterial diversity existed 

while treating wastewater up to 3 g NaCl L-1. However, the salinity increase up to 6 g NaCl L-1 

led to a relevant microbial diversity reduction. Salt increase led to the dominance of 

Proteobacteria, namely of Lysobacter and Rhodocyclus bacterial genera, both associated to 

carbon-nitrogen removal and EPS production in AGS processes, respectively. Despite this 

bacterial selection, carbon and nutrients removal processes were kept stable, even when 

salinity was increased to 14 g NaCl L-1, which was corroborated by the identification of bacteria 

responsible for such processes (e.g., PAO, AOB and NOB) throughout reactor operation. 

Hence, the AGS process was able to adapt to salt by preserving the metabolic diversity 

required for performing different biological removal processes, showing the microbial selection 

and plasticity occurring in AGS processes, an issue of great relevance for upgrading 

wastewater treatment. 
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Background & Objectives: Industrial residues are emerging as low-cost alternatives to typical 

lignocellulosic materials, usually more expensive and hard to process, being currently the 

center of an urgent transition into a greener economy. One possible example are the primary 

sludges abundantly produced by paper mills, typically burned for heat generation. This work 

aimed to assess the potential of primary sludges to enzymatically produce monomer sugars 

that can be later converted into different compounds. 

Methods: Pressed sludges from the primary treatment of effluents from a paper mill were 

provided by RAIZ (Aveiro, Portugal). These were subjected to a chemical treatment to remove 

a high content of calcium carbonate, allowing to concentrate their cellulosic fraction. This 

treated material was hydrolyzed using a commercial cocktail of cellulases (Cellic Ctec 2) at 

500C under different solids loadings and feeding regimes. The hydrolysis performance was 

evaluated from the levels of glucose released over time, quantified by HPLC. 

Results: Initial compositional analysis of the primary sludges determined a rather modest 

cellulose content, around 30 %. Different neutralization processes were tested to remove the 

high content of carbonates, the best option allowing to concentrate cellulose fraction to 58 %. 

The neutralized solid was then tested for its hydrolysis susceptibility. A saccharification 

efficiency of 92 % was achieved in 140 h of a batch hydrolyses with 9 % solids. When superior 

solid loadings were employed, specifically 15 and 17.5 %, the saccharification efficiency slightly 

decreased to 90 and 87 %, respectively, still representing very interesting levels. For the 17.5 

% suspension, a maximum of 102 g/L of glucose was obtained, which already represents an 

attractive level of glucose that can be further converted into a variety of compounds. Using an 

alternative strategy comprising a batch process (12.5 % solids) combined with multiple pulses 

of 2 % solid resulted in a slight reduction of the saccharification yield (82 %) but a 35 % 

reduction on enzymes consumption. 

Conclusions: Primary sludges from paper mills are an interesting raw-material to produce 

several added-value compounds, relying on a sugar-rich and easy-to-process material. This 

can also represent a new and more attractive valorization route for this residue, representing 

an important economic gain for paper manufacturing sector. 
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In the search for greener products in the cultural heritage conservation area, and among one 

of the most used natural products, biodegradable, abundant, of low cost, and no toxicity, is 

starch. Some of its uses includes food, cosmetic, paper, pharmaceutical and packaging 

industries. In cultural heritage is being used as tear repair of cotton canvas, leather adhesive 

and lime mortars restoration. 

A preliminary study of the potential for application in cultural heritage conservation of Japanese 

kudzu (Pueraria Lobata) starch powder was done by Lama et al., (Lama et al. 2020). Further 

research was needed to determine its structure, chemical composition, isoflavone compounds, 

thermal characteristics, antimicrobial capacity, and film properties. 

The kudzu starch powder was supplied by Mitoku Company, Japan. Its structure was evaluated 

by scanning electron microscopy and observed to be heterogeneous in form and shape with 

both polygonal and spherical granules, and minor and large-sized granules (fig. 1).  

All starch is composed of two different glucose chains, amylose, and amylopectin. The thermal 

characteristics of the Japanese kudzu were determined using a differential scanning 

calorimeter. Upon heating, the solubilization of amylose and amylopectin occurs 

(gelatinization). The onset (43.6ºC), peak (55.5ºC) and final temperatures (65.5ºC), and 

transition enthalpy (245.4 J/g) were determined. The pasting properties were tested using a 

rheometer evidencing peak viscosity at 278.78 (Pa). 

The chemical assays displayed kudzu moisture content of 13.34  0.29%; total starch of 88.58 

 8.33%; amylose content of 19.45  1.59% and amylopectin content of 69.13  1.59%. 

Antimicrobial activities of various isoflavones have been previously reported. For that effect, 

isoflavone compounds of kudzu starch were estimated by high-performance liquid 

chromatography (Voss et al. 2021). Kudzu intrinsic isoflavones among others are daidzein and 
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genistein. Commercial daidzein and genistein (purchased from Sigma) were used as 

standards. Daidzein content was quantified to be 0,0157mg/ml and 0,0036 mg/ml of genistein. 

The antimicrobial assays are ongoing and will allow further characterization of kudzu’s 

antimicrobial properties. Further tests are needed to ascertain if the kudzu starch capability is 

solely due to its isoflavones or there might be other compounds responsible. 

 

 

Figure 4. Micrograph of Japanese kudzu starch powder by SEM at a x1000 magnification. 
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Phytoremediation is used for requalifying soils contaminated with heavy metals (HM). 

Sunflower (Helianthus annuus L.) is one of the most studied species for the remediation of HM-

contaminated soils. To increase the bioavailability of nutrients and of metals in soils, metal-

resistant plant growth promoting rhizobacteria (PGPR) can be associated to phytoremediation 

strategies. Soil microbiota can benefit from this association due to the reduced exposure to 

HMs toxic effect. In this study, next-generation sequencing (NGS) was applied for investigating 

shifts in microbial communities of soil after HMs remediation by sunflowers inoculated with 

Cupriavidus sp. strain 1C2. Sunflower was also grown in a non-contaminated soil (control). 

Actinobacteria were dominant while Proteobacteria was the second most abundant phylum in 

both soils. Acidobacteria and Nitrospirae were present in higher relative abundance in the 

control soil. Results have shown that phytoremediation associated to PGPR induced changes 

in the contaminated soil microbial community: Acidobacterium (Acidobacteria phylum) and 

Nitrospira (Nitrospirae phylum) bacterial genera increased their abundance at the end of plant 

growth. These changes did not occur in the control soil, which presented a more stable 

bacterial community throughout the experiment. This research increases our knowledge on the 

relationship between soil microbiota and phytoremediation strategies achievements. 
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Bacteriocins are ribosomal synthetize peptides/proteins produced by bacteria with 

antimicrobial activity. Lactococcus lactis L3A21M1 strain was isolated from Pico cheese and 

was found to produce a bacteriocin identified as lacticin 481 with activity against other L. lactis 

strains. The potential of using this bacteriocin-producer to accelerate proteolysis in cheddar 

cheeses was investigated. Thirty-six experimental cheeses were manufactured with cow’s milk 

using three different culture treatments as follows: a mixed commercial starter culture 

composed of two strains of L. lactis (control); the commercial starter culture and the bacteriocin 

producer L. lactis L3A21M1; the commercial starter culture and a non bacteriocin producer (L. 

lactis L3B1M7). The effect of bacteriocin-producer on cheese proteolysis was determined 

throughout 28-day of maturation. The initial counts of lactococci in cheese samples were 

between 6 – 8 log cfu/g, and increased 1 log unit at the end of maturation. The pH of cheeses 

was initially 6.25 – 6.54 and decreased to 5.35 – 5.96 after 28 days. The mean of protein 

content of the cheeses at the end of ripening were similar between treatments (21 – 26%). As 

expected, proteolysis increased throughout maturation, but this increase was higher (p<0.05) 

in cheeses inoculated with bacteriocin producing strain (L. lactis L3A21M1). In these cheeses 

free amino acid content was also significantly higher (p<0.05) compared to other treatments. 

Furthermore, the production of lacticin 481 was detected in cheeses produced with L. lactis 

L3A21M1 during the 28 days of ripening. In addition, the application of bacteriocin-producing 

strain increased cheese yield by 15%. These results indicate that L. lactis L3A21M1 strain is 

actively producing lacticin 481 throughout cheese maturation, inducing the lysis of other 

lactococci. This strain can be recommended for the manufacture of cheddar cheese, reducing 

the maturation time and decreasing operational costs for dairy manufactures. 
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Fuel-ethanol industry suffers huge economic losses due to microbial contaminations, namely 

by Brettanomyces bruxellensis [1]. Control of those contaminants is usually achieved by acid 

washing treatments and antibiotics addition [2]. A possible solution to replace those treatments 

[by less toxic approaches could be the use of S. cerevisiae strains genetically modified to act 

as biocontrol agents. In previous work [3,4] we proved that several Saccharomyces cerevisiae 

strains, including the industrial fuel-ethanol starter S. cerevisiae Ethanol-Red (Sc ER), secrete 

antimicrobial peptides (AMPs) active against fuel-ethanol contaminants. However, the AMPs 

levels naturally secreted by Sc ER are not sufficient to fully prevent contaminations. 

In order to overexpress those AMPs, we constructed two Sc ER strains based on a Sc ER 

ura3 strain constructed using a Cas9-sgRNA expression vector and the second strain is 

based on a Sc ER strain with geneticin resistance marker using an integrative plasmid, pRS41K 

[5]. These strains were further used as hosts for heterologous expression of the AMPs-

codifying genes, i.e., partial sequences of TDH1 (925-963 bp) and TDH2/3 (925-963 bp), 

previously inserted in p416 TEF (Sc ER P416+TDH1 and Sc ER P416+TDH2 or in pRS41K 

(Sc ER pRS41K+TDH1 and Sc ER pRS41K+TDH2). The transformation efficiency was lower 

in the auxotrophic strains than in the geneticin resistant strains, i.e., 18% in Sc ER P416+TDH1 

and 14% in Sc ER P416+TDH2, and 33% in Sc ER pRS41K+TDH1 and 100% in Sc ER 

pRS41K+TDH2. Afterwards, the biocontrol potential of the constructed strains was evaluated 

against B. bruxellensis in mixed-culture fermentations. The geneticin modified strains (Sc ER 

pRS41K+TDH1 and Sc ER pRS41K+TDH2) showed a higher antagonistic effect against B. 

bruxellensis when compared to the auxotrophic modified strains (Sc ER P416+TDH1 and Sc 

ER P416+TDH2), i.e., culturability decreased ca 2 and 1 order of magnitude, respectively, after 

10 days. Therefore, these results give the indication that the strategy to construct AMPs-

overproducing industrial S. cerevisiae strains was successful, and the obtained transformants 

exhibited improved biocontrol effect. 
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The development of sustainable functional materials is attracting increased attention due to 

current environmental pressing issues and the search for new “green” alternatives. Moreover, 

the increasing concern for sustainability has prompted the search for new material alternatives 

with enhanced functionality. Recombinant protein polymers are an emerging field of research 

that employs the principles of materials science and recombinant technology to generate 

complex biomolecules with absolute control over chain length and composition. These 

genetically engineered protein polymers mimic the properties of natural proteins and can be 

fully customized to combine different structural arrangements in the same molecule. 

Additionally, recombinant technology allows the biosynthesis of complex molecules in microbial 

cell factories, and since these protein polymers are composed of only natural amino acids, are 

intrinsically biodegradable. This highlights the potential of recombinant protein polymers as 

central players to revolutionize the use of polymers in materials science.  

In this work, we describe the formulation of “green” bioactive composites comprising a 

genetically engineered silk-elastin-like protein (SELP) and essential oil from Mentha piperita 

(MPEO) to obtain a final material displaying antibacterial activity. SELPs are genetically 

engineered protein polymers that combine in the same molecule semicrystalline silk- and 

elastomeric elastin-blocks to provide tensile strength, ductility and water solubility. The 

essential oil from Mentha piperita (peppermint) is widely used in the pharmaceutical and 

cosmetic industries, showing antimicrobial properties against bacteria and classified as GRAS 

for both people and the environment. MPEO showed good antibacterial activity and was used 

for the formulation of aqueous emulsions with Tween 80 as surfactant and SELP as structural 

matrix for film formation. Antimicrobial SELP/MPEO biocomposite films were obtained by 

solvent casting using water as a solvent and evaluated for the antimicrobial performance 

against different bacterial strains: Escherichia coli, Bacillus subtilis, Staphylococcus aureus 

and Pseudomonas aeruginosa. Except for P. aeruginosa the biocomposites demonstrated 

antibacterial activity, inhibiting the growth of the remaining bacteria, with the best results 
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obtained with a concentration of 250 % (w/w) EO. Moreover, the antibacterial activity of the 

biocomposite films was retained over short-term storage for 7 days at 4 ºC. The formulation of 

composites comprising natural active fillers and recombinant protein-based polymers opens 

opportunities to develop new active sustainable materials, opening new perspectives and 

paving the way for a new generation of multifunctional materials. This work was supported by 

Programa Operacional Competitividade e Internacionalização (POCI) through Fundo Europeu 

de Desenvolvimento Regional (FEDER) under the scope of project ECOBiB (POCI-01-0247-

FEDER-033997). 
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Xylitol is a naturally occurring sugar alcohol with a wide range of applications in food, 

pharmaceutical, and cosmetic industries. It is currently manufactured on a large scale by 

several companies through the chemical hydrogenation of xylose. The integration of xylose 

derived from waste stream feedstocks for biotechnological production of xylitol can positively 

contribute to achieve sustainable development. Wine producing industry annually generates 

large volumes of by-products and residues that contain high carbohydrate content. In this work, 

vine pruning residues and grape must were evaluated as feedstocks for xylitol production, 

using a recombinant Saccharomyces cerevisiae industrial strain [1]. Using grape must as co-

substrate for the bioconversion, the yeast strain directly converted xylose to xylitol, with 

efficiency similar to reactions that used pure glucose and fructose. Additionally, the capability 

of the engineered strain to convert D-xylose from pretreated vine pruning residue was also 

demonstrated. The utilization of both surplus grape must and vine pruning residues, for xylitol 

production in a multi-feedstock valorization approach, can address the disposal problems of 

wine producing industry and decrease the overall cost of the process, contributing to economic 

and environmental sustainability. 
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In recent years, the lifestyle and eating habits of the worldwide population have changed, 

encouraged by finding healthier and more nutritious food habits. In the last years, consumers 

have been searching for products with high protein content. Additionally, the consumption of 

cereals products has been expanding, due to the practicality1. In parallel, food industries 

generate a high amount of by-products, and although these by-products present a rich 

nutritional composition, most of these by-products are often undervalued and used as animal 

feed. In this context, the development of functional granules using by-products from the food 

industry is an opportunity to contribute to the food products diversification and to consumer 

health and well-being and to valorize the by-products, promoting the circular economy. Thus, 

the objective of this work was to evaluate the biological activities impacted by the 

gastrointestinal digestion (GID) of four new functional cereal-based granules, based on the 

valorisation of acorn and by-products such as wheat bran, wheat germ and okara. Granules 

were produced by cold extrusion and their formulation were presented in Figure 1. The GID 

was performed according to the standardized InfoGest protocol (Brodkorb et al., 2019)2. All 

granules were characterized regarding their nutritional composition. In addition, total 

polyphenols, antioxidant activity (ABTS and ORAC assays), proteins profile and 

oligosaccharides were evaluated in each stage of GID (mouth, stomach, intestinal phase), 

using FPLC and HPLC methods, respectively.  

All formulations presented the requirements to attain the claim source or rich in protein (19.6 

to 29.6%) and rich in fibre (≥6 g of fibre/100 g). During the GID the release of bioactive 

compounds was observed, and the in vitro antioxidant activity increased in the intestinal stage. 

Comparing the formulations, it was possible to observe that the F2 (formulation with acorn and 

okara) presented the highest ORAC values (11041.73 ± 384.98 µM of Trolox) after GID. 

Although F1 showed the highest polyphenols concentration (0.86 ± 0.02 mg of Gallic acid/ mL 

of sample) at the end of GID they all presented similar values. Concerning protein profile, all 

formulations showed after GID the release of peptides with low MW (< 3 KDa). Relatively to 

the soluble carbohydrates after GID all granules released oligosaccharides with low MW (< 5 
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KDa). In conclusion, the results indicated that GID improved the antioxidant activity in the 

functional granules probably due to the release of polyphenols bond to the fiber, thus 

suggesting health-protecting effects. Furthermore, these by-products can be valorized as 

potential ingredients for human consumption, reducing the waste in the food chain and 

satisfying a market niche based on functional and sustainable products. 

 

 

Figure 1. The formulation composition of functional cereal- based granules. 
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Unprecedented environmental concerns related to the intensive use of fossil fuels has led to 

the use of alternative energy carriers for the production of biofuels/biochemicals. In this context, 

the development of alternative technologies for carbon capture and utilization has attracting 

more and more attention. Gas fermentation is a promising strategy for the production of 

bioproducts through the conversion of carbon-containing gases, contributing at the same time, 

to the reduction of greenhouses gases emission. Microbial CO2 conversion with renewable H2, 

for production of alternative fuels, such as CH4, open perspectives to solve different 

environmental problems. Hydrogenotrophic methanogens have a crucial role on the direct 

conversion of CO2+H2 into CH4, hence the importance to study the specific hydrogenotrophic 

methanogenic activity (SHMA). 

Objectives: In this work, a pressurized bioreactor was operated in batch mode, under 

increased H2/CO2 pressure from 100kPa to 500 kPa, to investigate its potential effect on 

SHMA, on CH4 production rate and on microbial communities. Anaerobic granular sludge was 

used as biocatalyst. A mixture of H2/CO2 (80% H2 and 20% CO2, v/v) was used as sole carbon 

and energy source. Gaseous compounds were analyzed by gas chromatography, liquid 

products were analyzed by HPLC and archaeal diversity within granular sludge was monitored 

by 16S r-RNA based techniques. 

Results: An increase in the SHMA as well as in the CH4 production rate was observed with 

the increase of the initial H2/CO2 pressure. This results are very interesting since no inhibitory 

effects were observed on the microbial activity, demonstrating the resistance of the anaerobic 

granular sludge for CH4 production at moderate H2/CO2 pressures (up to 500 kPa). 

The Illumina sequence results showed that Methanosarcinales, Methanobacteriales and 

Methanomicrobiales were the three orders that prevailed in the pressurized system, for all the 

different pressures tested. However, hydrogenotrophic methanogens from Methanobacterium 

and Methanospirillum genera slightly increased their relative abundance, varying from 38% 

(100 kPa) to 41% (500 kPa) and from 8% (100 kPa) to 12% (500 kPa), respectively. 
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Conclusions/ Impact of the work: In conclusion, the archaeal community seems to be very 

stable when submitted to increasing H2/CO2 pressures, highlighting the potential of the 

anaerobic granular sludge as an efficient microbial platform for the production of added-value 

compounds from gaseous carbon waste streams.  

 

Aknowledgements: Portuguese Foundation for Science and Technology (FCT): POCI-01-0145-FEDER-031377; 

strategic funding of UIDB/04469/2020 unit; BioTecNorte operation (NORTE-01-0145-FEDER-000004); FCT 

doctoral grant PD/BD/128030/2016. 
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Acorns are rich in monounsaturated fatty acids and free-gluten starch, complemented by a high 

content in polyphenols. However, despite being an abundant fruit in Portugal, it remains 

unvalued and only 1% of the estimated total annual production is used on human nutrition. In 

this research, the effect of two different dehulling methodologies (thermal dehulling and 

dehulling by drying) on nutritional composition of three different acorn species (Q. pyrenaeca, 

Q. robur, and Q. ilex) collected in Peneda-Gerês National Park was studied. 

The ash and protein contents were unaffected by dehulling methods, but these methodologies 

had different effects on the fat and carbohydrate contents depending on the specie. The 

thermal dehulling and dehulling by drying significantly increased the total fiber between 37 to 

87% and 31 to 50%, and the energy contents decreased between 3 to 10% and 3 to 7%, 

respectively. The acorn starch characterization showed that 74 to 89% (depending on the 

Quercus spp.) was resistant starch. The resistant starch contents decreased between 42 to 

76% after thermal dehulling and between 25 to 35% after dehulling by drying. The fatty acid 

and amino acid profiles were unaffected by the different dehulling methods, but the effect of 

dehulling on the mineral (mostly potassium) and sugar (glucose, fructose, and mannose) 

profiles were dependent on the Quercus spp. 

The harvested acorns from the fields had significantly lower energy, fat, and fatty acid contents, 

but a higher total carbohydrate content (higher total fiber and resistant starch, and lower sugar 

contents) when compared to the commercial ones acquired from Herdade do Freixo do Meio, 

Alentejo. Protein, amino acid, and ash contents were similar, but the harvested acorns had 

more potassium.  

This study may encourage acorn valorization and consumption by giving them the deserved 

attention and unleash all their health potential! 
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Antimicrobial resistance is an increasing global threat demanding new therapeutic 

biomolecules against multidrug resistant bacteria. Antimicrobial peptides (AMPs) are promising 

candidates for a new generation of antibiotics but their potential application is still in its infancy, 

mostly due to limitations associated with large-scale production. The use of recombinant DNA 

technology for the production of AMPs fused with polymer tags presents the advantage of high-

yield production and cost-efficient purification processes at high recovery rates. Owing to their 

unique properties, we explored the use of an elastin-like recombinamer (ELR) as fusion partner 

for the production and isolation of two different antimicrobial peptides (ABP-CM4 and Synoeca-

MP), with an interspacing formic acid cleavage site. Recombinant AMP-ELR proteins were 

overproduced in Escherichia coli and efficiently purified by temperature cycles. The 

introduction of a formic acid cleavage site allowed the isolation of AMPs resorting to a two-step 

methodology involving temperature cycles and a simple size exclusion purification step. This 

simple and easy to implement purification method demonstrated to result in high recovery rates 

of bioactive AMPs. The minimum inhibitory concentration (MIC) of the free AMPs was 

determined against seven different bacteria of clinical relevance (Staphylococcus aureus, 

Staphylococcus epidermidis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas 

aeruginosa and two Burkholderia cenocepacia strains) in accordance with EUCAST/CLSI 

Antimicrobial Susceptibility Testing Standards. All bacterial strains (except for Pseudomonas 

aeruginosa), demonstrated to be susceptible to ABP-CM4, including a resistant Burkholderia 

cenocepacia clinical strain. As for Synoeca-MP, although not inhibiting the growth of 

Pseudomonas aeruginosa or Klebsiella pneumoniae, it demonstrated to be highly active 

against the remaining bacteria. The present work provides the basis for the development of an 

efficient and up-scalable biotechnological platform for the production and purification of active 

AMPs against clinically relevant bacteria. This work was supported by the “Contrato-Programa” 

UIDB/04050/2020, project FunBioPlas (ERA-IB-2-6/0004/2014) and project FUN2CYT (POCI-
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To fulfill the rising energy demand worldwide, production of bioethanol from renewable 

resources, like lignocellulosic biomass, has been an important research topic in the last 

decades. Saccharomyces cerevisiae, the preferred microbial platform for bioethanol 

production, is unable to efficiently utilize xylose, typically the second most abundant sugar in 

lignocellulose. To enable a sustainable bioethanol production, genetic engineering has been 

applied to S. cerevisiae, namely targeting the utilization of both glucose (C6) and xylose (C5).  

In this work we developed C6/C5-fermenting S. cerevisiae strains via genetic engineering, 

introducing a xylose catabolic pathway with genes from different native xylose-utilizing yeasts, 

and adaptive laboratory evolution, improving aerobic xylose consumption. Furthermore, the 

increased carbon flux through the pentose phosphate pathway was achieved through 

additional genome editing using a marker-free CRISPR-Cas9 toolbox.   

The best C5-fermenting strains obtained were able to reach an ethanol yield of 0.4 g/g from 

xylose under anaerobic conditions. Moreover, the glucose and xylose obtained from enzymatic 

hydrolysis of wheat straw extrudate were virtually consumed by one of the novel C5-fermenting 

strains within 72 hours, achieving an ethanol titer of 42 g/L and proving strain robustness in 

industrial substrates. 

This work contributes to increasing the efficiency of lignocellulose conversion into bioethanol, 

enabling the use of agricultural residues under circular economy concepts. 
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The biological conversion of xylose-rich renewable lignocellulosic biomass into biofuels and 

other bio-based chemicals continues to be an important research subject in biorefineries. 

Saccharomyces cerevisiae, the main microbial platform used for the production of bioethanol 

and other bio-based chemicals, has been engineered to efficiently convert xylose into xylulose, 

using either a xylose reductase-xylitol dehydrogenase pathway (XR-XDH) or a xylose 

isomerase pathway (XI). Moreover, the additional overexpression of xylulokinase (XK, encoded 

by gene XKS1 in S. cerevisiae) and of the pentose phosphate pathway (PPP) is required for 

high product titer, yield and productivity. 

In this work, we compared XKs from two native xylose-fermenting yeasts with the endogenous 

S. cerevisiae XK, using the same promoter and the same S. cerevisiae background, known to 

be limited at the XK level. 

Kinetic parameters where determined for the different XKs and the enzymes from the native 

xylose-fermenting yeasts revealed higher efficiency than the one from S. cerevisiae. The 

differences observed correlate with the kinetic parameters obtained for xylose fermentation 

under oxygen-limiting conditions; in fact, the strains overexpressing the endogenous S. 

cerevisiae XK displayed the lowest xylose consumption rate, the lowest ethanol yield and the 

highest xylitol yield. 

This work proposes the use of XKs from two native xylose-fermenting yeasts in the 

development of industrial xylose-utilizing S. cerevisiae, towards a more efficient conversion of 

lignocellulosic biomass in different biorefinery processes. 
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Yeasts are currently used as cell factories for the sustainable production of high value 

biomolecules for applications in the pharmaceutical and cosmetic sectors.  However, the 

production of such molecules through fermentation, conducted in bioreactors and making use 

of genetically engineered yeast strains, generates a number of waste-streams, with spent yeast 

as the second main by-product of fermentation processes, representing more than 20% of the 

total waste produced. Since this by-product is rich in several molecules including proteins, 

vitamins and several minerals, being also a natural source of glucans and mannoproteins with 

known bioactivities, it is of interest to develop valorization strategies for these residues. In this 

work, spent yeast was autolysed and a set of formulations, incorporating the resulting 

supernatant and pellet at different concentrations, were tested as potential antimicrobial 

solutions to prevent diseases in plants and fungi caused by Pseudomonas spp. The 

formulations were initially tested against P. aeruginosa and then against strains affecting 

cultivated mushrooms (Agaricus bisporus), P. tolaasi, and P. agarici; and a number of P. 

syringae strains responsible for plant diseases including the pathovars actinidifoliorium, 

tomato, pisi, syringae and atrofaciens. It has been recently shown that spent yeast 

hydrolysates possess antimicrobial activity against Salmonella enterica, Aeromonas 

salmonicida, Bacillus cereus and Bacillus subtilis (Martin et al. 2021), suggesting that spent 

yeast extracts may have potential antimicrobial effect against a range of microorganisms. To 

date, there are no studies showing the potential of spent yeast extracts against Pseudomonas 

strains. The results showed that the supernatant of the autolyzed yeast at 0.1% inhibited the 

growth of P. aeruginosa by about 20% and P. tolaasii by 10% but increased the growth of P. 

agarici by up to 34%. The combination of supernatant with lactose also slightly increased P. 

tolaasii growth inhibition (12%) but it reduced the inhibitory effect of supernatant against P. 

aeruginosa. With regard to plant pathogens, the formulations containing 0.1% and 0.3% of 

pellet inhibited by 25% the growth P. syringae pv. actinidifoliorium, the bacterium responsible 

for kiwi canker, but for all the other pathovars, the inclusion of spent yeast extracts in the 

formulation induced bacterial growth. Among all the tested formulations, the ones including 
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supernatant and pellet at low concentrations were the most promising leading to slight growth 

inhibition of some environmental Pseudomonas spp.  
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The production of high quantities of spent yeast is a transverse problem to most industries 

based on fermentation processes. Traditional fermentation industries, such as breweries, and 

the ones that use engineered yeast to produce high commercial interest molecules, have been 

looking for strategies to minimize this problem. Spent yeast represents a valuable nutrient 

source due to its abundant levels of several high value bioactive compounds. Through an 

optimized autolysis process, high levels of these bioactive compounds, such as β-glucans, 

mannans, peptides, and other nutrients can be more easily available, targeting several 

commercial applications. Some of these compounds have prebiotic applicability in animal feed 

industries. The benefits of supplementing yeast in diets of ruminants trusts on the increase of 

cellulolytic bacteria in the rumen, increasing the energy extracted from the diets, and 

consequently the animal’s performance (Bortoluzzi et al., 2018). Yeast derivatives have shown 

the potential to modulate ruminal fermentation by decreasing the starch degradation rate or by 

stimulating the growth of lactate-utilizers in the rumen. As the effect of it may be increased by 

low pH or by high-concentrate diets, supplementing the ruminant's diet with autolyzed yeast 

may help to counteract the negative effects of high-concentrate diets (Kröger et al., 2017; 

Humer et al., 2018; Neubauer et al., 2018). This research aimed to characterize a synthetic 

biotechnology fermentation derived spent yeast as potential additive to ruminant feed. 

Autolyzed spent yeast was spray dried and characterized in terms of composition and prebiotic 

potential. The challenge in the utilization of traditional fermentation derived spent yeast, for 

ruminant consumption, is to guarantee the level of protein and essential amino acids, their ratio 

and stability along storage. Results demonstrate that synthetic biology associated fermentation 

derived spent yeast presented both nutritional value and prebiotic activity showing high 

potential to be incorporated as an additive for ruminants feed, with an interesting amino acids 

profile.   
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The name Saccharomyces cerevisiae is composed of two parts: The first part “Saccharo” 

means “sugar fungus” in Latinized Greek while the second part “cerevisiae” means “of beer”. 

This yeast was used as a eukaryotic model organism in biological studies since it can easily 

be cultured. Among the most prominent applications involving the use of S. cerevisiae are food, 

beverage (generally in wine), also baking and other industries [1]. 

The objective of this work was to apply an experimental design to define the best experimental 

conditions in a culture medium for S. cerevisiae growth. For this purpose, a fractional factorial 

design with 4 factors, 3 levels and 3 center points was applied varying the culture medium 

composition in glucose (10, 15 and 20 g/L), peptone (5, 7.5 and 10 g/L) and yeast extract (1, 

3 and 5 g/L), as well, the inoculum quantity (105, 106 and 107 CFU/mL). Data treatment was 

performed for screening the best conditions of the four factors under study using the growth 

rate measurement (c, hour-1) to evaluate the S. cerevisiae growth. 

The results showed that the best culture medium have 10 g/L of glucose ,5 g/L of peptone, 1 

g/L of extract yeast and 107 CFU/mL of inoculum quantity. Observing the results, we can 

conclude that the lowest concentrations of the parameters tested for the culture medium were 

the best growth conditions for the yeast. 

The aim of thefuture work is to apply S. cerevisiae in a beverage with the presence of a biogenic 

amine, in aim to neutralize it.  

 

Keywords: Culture medium composition; fractional factorial design; Saccharomyces cerevisiae; cell growth. 

References: 
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Carotenoids are derived from different sources with a crescent exponential growth in the 

market. Astaxanthin (xanthophyl’s) and β-carotene (carotene) represent the most important 

natural carotenoids applied in food, cosmetic, and pharmaceutical product formulations. The 

production of microbial carotenoids is intracellular, requiring the use of most appropriate cell-

disrupting methodologies to release them. Traditionally, yeasts cells (e.g., Phaffia rhodozyma, 

Rhodotorula glutinis) are disrupted by applying combination of conventional methods with 

volatile organic solvents (VOCs), such as acetone and DMSO. VOCs-based procedures allow 

high recovery yields of microbial carotenoids, but do not comply with restrictive health and 

environmental regulations. Therefore, the search for more biocompatible and environmentally 

friendly solvents is utmost of importance. The aim of this work is to provide a picture about the 

use of biosolvents, ionic liquids and eutectic solvents as “greener” solvents, and which of these 

are in fact the “best” extraction solvents for the extraction of intracellular carotenoids from yeast 

cells, namely, Phaffia rhodozyma and R. glutinis. This work will provide insights about the 

selection of the best solvent as well as regarding the overall process integration. From the large 

number of results obtained by our group, we highlight that the use of biosolvents is more 

adequate to obtain pure samples/fractions of these pigments for food and nutraceutical 

applications, mainly due to easy implementation of carotenoids’ polishing/fractioning and 

solvents’ recycling approaches. On the other hand, the use of eutectic solvents is most 

adequate in processes that intends to use the solvent as a reaction media for the preparation 

of biomaterials (i.e., eutectic solvent as green plasticizer agent). Independently of the “greener” 
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solvent, this work confirms that extraction platforms using these classes of solvents are simple, 

efficient, tailorable and sustainable solutions for the recovery and separation of intracellular 

carotenoids from yeast cells. 
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The Iberian Peninsula is an exceptional territory to produce a wide variety of wines, with both 

Portugal and Spain being amongst the main wine producers on the planet. This extensive 

manufacture generates large quantities of wastes like grape pomace or wine lees. Wine lees 

(residual fermentative yeast and other particles) have a high organic content, including acids, 

phenols, and ethanol, among others. They have been previously proposed as economic 

nutrients for microbial production of biochemical products but could also be used as substrate. 

Additionally, there is a substantial surplus of grape must that is not used for wine production 

that could be an interesting carbon source for biotechnological processes for value-added 

products generation. The establishment of a sustainable bioeconomy is highly dependent on 

the valorisation of these industrial wastes. Resveratrol is a polyphenolic compound with strong 

antioxidant activity, naturally present, e.g., in grapes. Its known anti-inflammatory and anti-

ageing properties, among others, makes it suitable for several applications in health, diet, and 

cosmetics. Microbial biosynthesis of resveratrol is a valuable alternative to its plant extraction 

or chemical synthesis, both complex and unsustainable. Nevertheless, its biosynthesis is 

mostly attained from expensive substrates as p-coumaric acid. The yeast Saccharomyces 

cerevisiae is widely used as a cell factory to produce several chemicals of interest, from 

biofuels to high-value natural products. Industrial yeast strains are known for their higher 

fermentation capacity and their ability to cope with harsh fermentation conditions (e.g. low pH). 

Here, a robust industrial diploid strain was engineered with the resveratrol biosynthesis 

pathway[1] coupled with overexpression of genes for the Pentose Phosphate Pathway, and 

used for resveratrol production with glucose as carbon source. In batch fermentation of 

synthetic media, a resveratrol titre up to 440 mg/L was attained from 70 g/L of glucose. 

Resveratrol production using wine wastes as substrates was subsequently assessed. A titre of 

222 mg/L of resveratrol was obtained from a media with 50% of wine lee, with supplementation 

of grape must, using glucose, fructose, and ethanol simultaneously as carbon source. This is 
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the first report of resveratrol production from wine wastes, expanding the possible uses of these 

feedstocks for the development of sustainable processes in a circular bioeconomy. 

 

[1] Costa et al. (2021) ACS Synth. Biol., 10, 8, 1895–1903 
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Wood cultural goods belong to a global diverse heritage and they present great historical, social 

and economic values, as well as mural paintings and other heritage. However, wood is an 

organic material very susceptible to chemical, physical and biodeterioration. Nowadays, there 

are a lot of possible conservation treatments, however some of them require the use of toxic 

solvents. Hence, the development of new, effective and sustainable strategies for the 

conservation of wood cultural goods has become a fundamental issue, either to provide lower 

toxicity products for professionals and because the deterioration causes negative structural 

and aesthetic alterations of the artworks. Thus, this project focuses on the use of lignin as the 

base biomaterial for the production of high performing “green” wood adhesives. Towards that 

and to improve their physical and chemical properties, cross-linking and consistency agents, 

were added to the formulation and different pH conditions were tested. The characteristics of 

the new adhesives were tested through mechanical analysis, which helped selecting the better 

formulations. The results showed that the formulation with higher pH presented better 

mechanical properties, namely shear strength and elongation at the break, than an adhesive 

with low pH. Thus, we can conclude that the highest pH composites have good stability and 

they can be an eco-friendly alternative for conservation of wood patrimony. This research also 

offers insights for other possible applications within the conservation of cultural heritage, either 

organic or inorganic materials such as those in mural paintings. 
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Background: Tellurium is a metalloid with scarce and scattered abundance but with an 

increased interest in human activity for its uses in emerging technologies. Utilization of Te by 

living organisms is mostly focused on Te (IV) resistance and it has led to the search for 

microorganisms, with novel genetic and molecular mechanisms of Te (IV) resistance. 

Resistance mostly occurs by bioreduction of the soluble toxic forms of Te (IV) and Te (VI) to 

an inert and insoluble form and, sometimes, to the formation of nanostructures. An increasing 

interest in understanding the formation of these structures is the result of the growing range of 

applications for bio-produced nanoparticles covering fields such as optical imaging or novel 

battery technology.  

Objective: Determine the ability of a high metal-resistant, Paenibacillus pabuli ALJ109b, 

isolated from high-metal content mining residues, to reduce Te (IV) and to evaluate the 

formation of metallic tellurium nanoparticles. Moreover, to reveal the impact of Te (IV) in the 

growth and metabolism of strain ALJ109b by use of differential proteomic. Lastly to 

characterize a flagellin, FlaA, from P. pabuli ALJ109b in its ability to reduce Te (IV) in vitro.  

Results: P. pabuli ALJ109b demonstrated to be resistant to Te (IV) at concentrations higher 

than reported for its genus. The strain efficiently removed Te (IV) from solution, over 20 % at 

a reduction rate of 0.06 ∆mg.DO-1.h-1 in 8 h of growth, and reduce it to elemental Te, forming 

monodisperse nanostructures. Te (IV) showed to induce ROS generation and decrease 

metabolic activity by 17 %. Proteomic response involved the overexpression of marker proteins 

for stress-response such as PspA and the chaperon PotD. The genomic and high throughput 

proteomic analyses did not identify any known Te (IV) resistance mechanisms. We 

demonstrated that P. pabuli ALJ109b uses flagellin, FlaA, as a Te (IV) reducing agent and that 

this protein has a high Te (0) formation activity, 23 U.mg-1, at room temperature and pH of 9.  

Conclusions: The current study offers new insights on the metabolism activated by a highly 

resistant Paenibacillus strain in the presence Te (IV) and identifies the mechanisms by which 

this strain, using flagellin effectively produce Te nanoparticles. Flagellin demonstrates potential 
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application in Te (IV) decontamination and in the fabrication of Te nanoparticles. 
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Environmental pollution is one of the most important problems of industrialization. Textile 

industries release large quantities of chemicals and dyed water used in fabric processing that 

are resistant to biodegradation and toxic to the ecosystems and to the human health 

(Dellamatrice et al., 2017). Biotechnological approaches usually represent more 

environmentally friendly technologies than traditional treatment methods (Holkar et al., 2016; 

Mahmoud, 2016).  

The purpose of this study is to develop a yeast-based solution for dye degradation in textile 

wastewaters to remove color and decrease toxicity of the dyed effluents. 

Three yeast strains revealed to have the ability to decolorize commercial textile synthetic dyes 

(reactive, disperse, direct, acid and basic) and simulated textile effluents with promising results. 

Toxicity of the decolorization products using organisms that represent different trophic levels 

revealed a low toxicity of the samples after treatment with yeast strains. Incorporation of a 

selected dye-decolorizing yeast strain in an aerobic granular sludge bioreactor and the capacity 

of the resulting bioaugmented granules to remove a selected dye are being tested mimicking 

real conditions. Results showed that this could be an innovative and efficient alternative 

strategy for dye decolorization, contributing to eco sustainability in the water sector. 
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Sugarcane is an abundant crop and source of several by-products. The fractions obtained from 

these by-products can be used for several applications for food and animal feed, and 

cosmetics. This work was focused on the valorisation of sugarcane straw residue as a source 

of hemicellulose with high content of extractives. Hemicellulose extraction from sugarcane 

straw was optimized by autohydrolysis in a Parr reactor. Optimization focused on solid/liquid 

ratio and temperature as two independent variables and function of extraction yields, molecular 

weight characterization and liquor contamination by degradation products and 

monosaccharides. After that, extraction conditions were further optimized according to 

extraction time, based in the same outcomes. Therefore, the best performing extraction 

conditions were found to be the use of a solid/liquid ratio of 1:18, 165°C temperature and 45 

minutes extraction time. Hemicellulose extract was characterized for its chemical composition, 

molecular weight and thermal profile. Extraction yield was 19.47 ± 0.74 g/100g of straw, with 

number molecular weight (Mn) of 17.49 kDa and polymerization degree of 116.5.  
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Great efforts have been made towards sustainability and circular bioeconomy, focused on 

resource recovery, reuse, and recycling. Industrial side streams are a valuable source of 

nutrients and materials. Recovery and processing could increase value and might reveal 

enhanced properties and provide additional revenue. Amyris is a renowned biotechnology 

company developing biobased products. Their production process of trans-β-farnesene 

generates an aqueous waste stream which is rich in a variety of molecules, therefore justifying 

research of functional ingredients and biobased chemicals. This side stream is characterized 

by the presence of minerals, amino acids and peptides, suggesting feasible applications as 

animal feed. The objective of this work was to screen for antimicrobial activity on different 

aqueous waste stream fractions. 

Considering the stream physicochemical content, the fractionating process was projected to 

develop animal feed and aquaculture bio-based sustainable products. Since a high 

concentration of potassium might be toxic to animals, an ion-exchange process was applied to 

reduce mineral content, followed by a membrane cascade filtration process. Antimicrobial 

assays were conducted on the multiple fractions obtained, assessing different microorganism’s 

susceptibility by broth dilution method. 

The effect of animal feed targeted fractions, i.e., with reduced potassium percentage, was 

tested on generic pathogens like Escherichia coli, Salmonella entereditis and Staphylococcus 

aureus, at 1, 2, and 3 wt/vol%. The fraction containing reduced potassium and the fraction 

concentrated by microfiltration did not completely inhibit bacterial growth. Aquaculture targeted 

fractions were further submitted to 5 kDa molecular weight cut-off (MWCO) and 1 kDa MWCO 

membranes ultrafiltration and nanofiltration process. The effect was evaluated upon two fish 

pathogens: Aeromonas hydrophila and Edwardsiella tarda. The 5 kDa MWCO concentrated 

fraction revealed antimicrobial activity against Aeromonas hydrophila at 3 wt/vol %, whereas 

no inhibition was observed for the other microorganism. A. hydrophila is widely distributed and 

is responsible for serious losses and threats to fish in aquaculture. This preliminary study might 

suggest that an incorporation of the 5 kDa MWCO concentrated extract into a fish feed could 

possibly protect and prevent undesired diseases in fish.  
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The screening for antimicrobial activity demonstrated that the processing of industrial 

byproducts is an excellent opportunity to employ the circular economy concept, retrieving 

products with enhanced properties and, therefore, increased value. 
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Biotechnology company Amyris genetically engineers yeasts, using synthetic biology, to 

develop value-added products, such as trans-β-farnesene. The production process of this 

particular molecule generates large amounts of an aqueous waste stream that could be 

valorized within the circular economy concept and create new products. The stream is 

characterized by the presence of amino acids, peptides, phenolic compounds, and minerals, 

revealing great potential for valorization. Particularly, this study aims to research its 

fractionation and to screen the prebiotic potential of derived extracts as fish feed ingredients. 

The waste stream was submitted to a membrane filtration cascade, consisting of microfiltration 

(MF), ultrafiltration (UF), and nano filtration (NF), originating three concentrated fractions that 

were dried afterwards. The physicochemical characterization demonstrated the presence of 

peptides and amino acids that are relevant for fish nutrition and for products development. The 

growth promoting activity of the extracts was evaluated on pure cultures of relevant fish gut 

microorganisms (Weissela cibaria, Leuconostoc citreum, Lactobacillus plantarum, 

Pseudomonas fluorescens, Pseudomonas syringae, Bacillus subtilis, and Janthinobacterium 

lividum), based on optical density changes during incubation on culture media with the extracts 

(at 1, 3 and 5 wt/vol%). In vitro analysis of prebiotic activity revealed that MF, UF and NF 

fractions enhanced the growth of Bacillus subtilis at 1 and 3 wt/vol%. Additionally, MF fraction 

promoted Pseudomonas fluorescens growth with the three tested incorporation 

concentrations, while the NF resulting extract also promoted the growth of Janthinobacterium 

lividum at an incorporation of 3 wt/vol%. No enhanced growth was observed for the remaining 

strains; however, a similar growth response was noted between the growth controls and 

prebiotic positive controls. 

B. subtilis is a genre of known probiotic used in sustainable aquaculture, improving water 

quality and fish growth, which could benefit from the presence of prebiotic substances. 

Incorporation of the developed extract into a formulation can provide fish feed with higher value 

properties like prebiotic activity.  

This study represents a sustainable and environmentally friendly approach to industrial side 

streams, resulting in a viable application in aquaculture. 
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Background: Polymers are needed in a society that uses them in its daily life. During the 

COVID-19 pandemic, they were relevant for solving problems by using 3D printing in innovative 

solutions. New alternatives to petroleum-based plastics have been explored, in special, 

bioplastics. Bioplastics are generally defined as plastics produced from renewable raw 

materials, such as starch- or cellulose-based substrates, or by several polymers produced by 

microorganisms. Polyhydroxyalkanoates (PHA) are polyesters naturally produced and 

accumulated as granules inside bacteria cells (for example). Their physicochemical and 

thermal properties depend on each producer organism and cultivation conditions. In total, 106 

bacterial strains from the University of Coimbra Bacteria Culture Collection (UCCCB) were 

screened for PHA production. The genome mining of each strain was performed in order to 

find key genes involved in PHA production. The optimization of producing parameters, such as 

pH, temperature, carbon sources and incubation time, was performed and products were 

characterized by FTIR and NMR 

Objectives: Find new bacterial-polymers producers and new biodegradable microbial 

polymers.  

Results: Only one-third of isolates showed positive results on screening, most of the strains 

belonging to the class Gammaproteobacteria. The key gene involved in PHA production 

encoding for PHA synthase was found in 47 bacterial genera genomes. Combining the 

genomic information and biochemical screening, the best five bacterial producers showed 

different producing parameters as optimal production conditions. The PHA produced ranges 

from 0.019 ± 0.001 to 0.088 ± 0.007g.L-1 of PHB equivalents/OD600. When characterized by 

FTIR and NMR, the PHA of these strains showed differences when compared to literature.  

Conclusions: This work showed new bacterial producers and new polymers, Manipulation of 

production parameters affected the yield of PHA. Characterization of the polymers 

demonstrated differences between strains belonging to different genera. 

Significance: This research promotes better knowledge of the biodiversity of PHA-producing 

bacteria and demonstrates that PHA could be used as economic potential in bioplastics 
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production. Bioplastics are a viable alternative to conventional plastics, enhancing the planet's 

sustainability and the circular economy. 
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Granular sludge technology has plenty of advantages over conventional suspended sludge, 

mainly attributed to its extraordinary capacity for nutrient removal, efficient settling properties, 

and the feasibility of the operation. Over the last few decades, the application of microalgae-

bacterial based systems for wastewater treatment has gained interest in the scientific 

community. The symbiotic relationship that could be established could be favorable for both 

microorganisms and the metabolic diversity could improve the wastewater treatment process. 

The main aim of the present study was to evaluate the capacity of microalgae to attach to 

bacterial granular sludge and to assess the ability of the mixed granular sludge to treat streams 

with low organic and nutrient levels while following the microbiome dynamics. For that, a 

photobioreactor was inoculated with bacterial granules from a full-scale WWTP and a 

suspended microalgae consortium composed by strains isolated from sludge of a freshwater 

aquaculture filtration system. During 8 months, the reactor was fed with wastewater containing 

extremely low carbon and nutrients content, with an increasing number of treatment cycles per 

day throughout reactor operation. Most of the ammonium fed was removed through nitrification 

without nitrite accumulation in the effluent. Proteobacteria and Bacteroidetes were the most 

abundant phyla within the AGS microbiome. A core microbiome was present, mostly composed 

by bacterial groups related to nitrification, denitrification, and phosphate removal processes. 

The microalgae-bacterial granules were efficient for the treatment of streams mimicking those 

of freshwater aquaculture which extremely low carbon and nutrient concentrations represent a 

major challenge in the treatment process. 
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Renewable biofuels from agro-industrial by-products are sustainable solutions for reducing our 

current dependence from fossil-based energies. However, the conversion of these by-products 

into biofuels requires an effective pre-treatment of their lignocellulosic fractions, in order to 

disrupt the cell matrix and improve the access of hydrolytic enzymes to the cellulose molecules. 

Considering the importance of this initial stage, this work evaluated the use of the ionic liquid 

triethylamine dihydrogen sulfate [TEA][HSO4] as a more sustainable and efficient pre-treatment 

of sugarcane bagasse and straw, and subsequent integration with the enzymatic hydrolysis of 

cellulosic pulp to produce 2G bioethanol (cellulosic bioethanol). The experimental part included 

the synthesis of [TEA][HSO4] and its use in the pre-treatment of distinct sugarcane by-products, 

namely bagasse and straw in their natural and thermo-treated forms. The pre-treated pulps 

were chemically characterized and then enzymatically hydrolyzed using the commercial 

enzymatic preparation Cellic CTec 2. The liquors (i.e., hydrolysates) were recovered, 

concentrated and the lignin precipitated. The results obtained showed that in general the 

pretreatments of different sugarcane by-products with [TEA][HSO4] were selective for the 

removal of lignin and hemicellulose. The pulps recovered after pre-treatment with [TEA][HSO4] 

were enriched with the cellulose fraction. Lignin was successfully precipitated resulting in an 

average yield of 75% after 4h of pre-treatment. Cellulosic pulps from sugarcane by-products in 

their natural forms after 2h of pre-treatment with [TEA][HSO4] showed a significant increase in 

the bioconversion of cellulose to glucose (up to 60-80% conversion). 

Unlike the natural forms of sugarcane bagasse and straw, the combination of a thermo-

treatment and a pre-treatment with [TEA][HSO4] resulted in cellulosic pulps with lower 

bioconversion potential, i.e., these pulps did not result in increased conversion of cellulose to 

glucose. This work performs an optimal pulp saccharification and lignin delignification, these 

data are a useful basis for further optimization and process design for the development of new 

biomass chemistries within this solvent. 
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Bacterial cellulose (BC), a polysaccharide produced by bacteria, has been gaining notoriety as 

a biopolymer in recent years. BC is biocompatible, highly crystalline, offers great water uptake 

capacity and possesses mechanical robustness, making it suitable for an array of applications 

in the food, cosmetic and textile industry, as well as in the biomedical field. Although some 

industrial production of BC has been carried out, there is a demand to cut down on production 

costs, which can be sought by using low-cost raw materials as carbon sources.  

This work demonstrated the ability of the bacteria Komagataeibacter xylinus DSM  2004 and 

46604 to use terephthalic acid (TA) and ethylene glycol (EG), which are monomers of 

polyethylene terephthalate (PET), as carbon sources for BC synthesis. Both bacteria showed 

the capability to grow on TA, EG and their mixtures, with the highest production being attributed 

to Komagataeibacter xylinus DSM  2004 in TA (1.79 ± 0.1 g/L).  These results present a 

potential production strategy that tackles both the environmental plastic accumulation problem 

by the valorization and upcycling of PET monomers into a valued added product, as well as 

the reduction of the production cost for BC. 
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An important goal in Biology is understanding how genome variation determines phenotypic 

diversity of populations and species. However, the research community has predominantly 

used short read sequencing approaches for determining genome sequences. The strong 

limitations that short reads imposes on the genome assembly algorithms implies that the 

present knowledge on how genomic variation determines phenotype is biased toward single 

nucleotide variants, with structural variants having been overlooked due to difficulty in their 

detection. In 2017, the genome of Lactococcus lactis LMG 19640, a Lactic Acid Bacteria (LAB) 

strain used as host for biotechnological applications by our research group, was targeted for 

short read sequencing and assembled into 41 contigs [1]. In this study, we used long read-

based Oxford Nanopore Technology to re-sequence the genome of L. lactis LMG 19460 and 

of a novel L. lactis strain displaying phenotypic difference in the hydrolysis of X-gal (IST-LL01 

is LacZ+ and IST-LL02 is LacZ-) and in colony size. Several software suites were used to 

assemble the genome sequence of these strains and genome assemblies were fed into the 

Trycycler software suite to infer the consensus sequence. The estimated size of the 

chromosome of LMG 19460, IST-LL01, and IST-LL02 is 2326060, 2518282 and 2518371 bps, 

respectively, while Prokka annotation identified 2457, 2706, and 2862 proteins, respectively. 

Mauve software suite was used to align the genome sequences of strain LMG 19460 against 

L. lactis reference strain IL1403, IST-LL01 and IST-LL02 isolates. Strains LMG 19460 and 

IL1403 share strong homology and co-linearity, although a rearrangement originated the 

inversion of a large chromosome region between these two strains. In contrast, the pairwise 

alignment of the LMG 19460 genome against the genomes of IST-LL01/IST-LL02 isolates 

showed the existence of large number of chromosome rearrangements, suggesting that a long 

time of divergence separates them. Conversely, the genomes of the IST-LL01/IST-LL02 

isolates showed strong isogeny, but the two sequences presented enough divergence to 

conclude that they might consist of two different strains. This ongoing study demonstrates the 
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importance of characterizing the genetic diversity of L. lactis strains using Comparative 

Genomics and Computational Pangenomics approaches. The accumulation of knowledge on 

how genome variation determines the phenotypic diversity of LAB species will allow devising 

and optimizing molecular biology strategies for the engineering of efficient microbial factories 

for the production of human commodities and other Biotechnological applications.  

 

[1] Silva et al. (2017). Genome Announc. 5(16):e00210-17.  
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The food sector has a high importance in the national economy, accounting for more than 

12.6% of the turnover of manufacturing industries. Most materials generated from processing 

raw materials are usually considered to be non-hazardous, abundant and biodegradable. The 

valorisation of residues of agri-food by-products combines the necessity of food industries to 

reduce waste disposal or treatment costs, with the potential for revenue gains from the 

transformation of by-products into valuable products. Recent technological advances have led 

to the development of an innovative, energy-efficient, fast, and compact technology that 

transforms organic residues into valuable resources, here designated as Freetilizer. The 

objective of this work was to adapt the Freetilizer enzymatic hydrolysis technology for the 

valorisation of horticultural residues. Mixtures of vegetables rejected from an industrial 

packaging line (lettuce, cabbage, tomatoes, turnip, leek and courgette) was digested by a 

complex of enzymes, namely proteases, cellulases and pectinases. After the digestion 

process, the resulting suspension was centrifuged to obtain a solid and a liquid fraction, which 

were analysed for their nutritional value. Enzymatic digestion increased calcium content by 

two-fold, decreased ammonia concentration  by 45% and increased total nitrogen 

concentration by 21% when compared with the control treatment.  The liquid fraction was 

assessed for its potential as a liquid fertilizer after concentrating by vacuum drying to a 10-fold 

decrease in volume. An in-vivo experiment was established for 2 months under a fertirrigation 

regimen of two model plants (lettuce and spinach). A significant increase of dry weight of 

spinach was observed in plants irrigated with the concentrated liquid fraction when compared 

to control treatment and to plants irrigated with a commercial product with similar 

characteristics. Analysis of the solid fraction also revealed potential to be valued as animal 

feed, taking into account its nutritional characteristics, namely the protein content. The 

technology has shown to be an effective process for the valorisation of horticultural residues 

following a circular economy logic from the perspective of using waste as a resource. 
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The production of microbial natural pigments have attracted the industrial interest, due to their 

outstanding applications in food, feed, cosmeceutical and pharmaceutical formulations.  

Rhodotorula glutinis is a yeast capable to biosynthesize several high-added value compounds, 

namely carotenoids (e.g., β-carotene, torulene and torularhodin), lipids and enzymes. 

Unfortunately, the production of carotenoids using R. glutinis is intracellular, requiring a series 

of downstream operation units for recovery these compounds. Considering the hydrophobicity 

of carotenoids, extraction procedures commonly uses toxic and non-ecofriendly volatile organic 

compounds (VOCs), such as dimethyl sulfoxide, acetone, chloroform, hexane and petroleum 

ether. To overcome this issue, over the last years, several researchers have been looking for 

alternatives solvents to replace VOCs, with more environmentally friendly, biocompatible, and 

less toxic solvents, such as bio-based solvents (biosolvents). Recently, we demonstrated that 

conventional extraction procedures using ethanol, ethyl acetate and water are effective (high 

recovery efficiencies) and sustainable (low carbon footprint) on selective recovery of β-

carotene, torularhodin, torulene and lipids from R. glutinis wet biomass under mild conditions. 

Following these promising reports and to reduce the volumes of solvents used, new 

mechanical, physical or biocatalytic procedures combined with biosolvents have been 

investigated. In this context, this work evaluated the extraction of carotenoids produced by R. 

glutinis IHEM 2347 intensified by the combination of high-pressure homogenizer (HPH) with 

pure (phosphate buffer and ethanol) or mixed biosolvents (ethanol:ethyl acetate:water). This 

work demonstrated that the use of HPH contributes for the intensification of the process, 

guaranteeing high recovery yields with low volumes of solvents and as a consequence making 

the process more attractive for a future industrial application. On the other hand,  the 

development of efficient, simple and economical cell disruption operations will allow not only 

to develop an effective rupture of the cell wall, but also the solubilization and maintenance of 
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the biological activities of the intracellular solutes, which still represents a major challenge in 

the recovery of carotenoids from R. glutinis. 
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Sugarcane (Saccharum officinarum L.) is an abundant crop around the world, mostly used to 

produce ethanol and sugar. Due to the substantial production, there is an accumulation of 

byproducts, namely straw. This material possesses phenolic compounds, which are described 

to hold several bioactivities, such as antioxidant and antimicrobial, which makes them attractive 

for the development of preservatives for the cosmetic industry. The main objective of the 

present work is to extract and characterize sugarcane phenolic extracts and evaluate their 

potential to act as a cosmetic preservative.  

Extraction of phenolic compounds from straw was performed along 24h with 50% ethanol with 

a ratio biomass: solvent of 1:10 w:v. The amberlite XAD-2 was used to increase polyphenols 

purification by decreasing the amount of sugar.  Straw extract displayed a phenolic content of 

32.83 mg GA equivalents/g dw extract, among the phenolic compounds identified the 

hydroxycinnamic acid class predominates and mainly represented by chlorogenic, 5-O-

feruloylquinic acid and coumaric acid derivatives. Antioxidant capacity was also assessed by 

both ABTS (EC50: 299.6±11.6 mg/g dw extract) and DPPH (EC50: 282.3±3.39 mg/g dw extract) 

methods. Antimicrobial activity was tested against common contaminant namely 

Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli and C. albicans, for which 

MIC was 3% (w:w) against S. aureus. The cosmetic preservative potential was evaluated 

according the USP51 challenge test (The United States Pharmacopeial Convention (2011) 

USP 51) and for that extract was previously dissolved into 1,2-hexanediol (20% w:v), added to 

W:O and O:W emulsions (1 to 5% w:w) and tested on the specified microorganisms (S. aureus, 

E. coli, P. aeruginosa, C. albicans, and Aspergillus brasiliensis). It was visible that 

concentrations >2% (w:w) exhibited a 2.0 log reduction in bacteria’s and no increase in yeast 

and mold for both cosmetic formulations tested.  

These results allow us to conclude that straw extract is rich in phenolic compounds, therefore 

presents strong antioxidant and antimicrobial activity, that are key features in a cosmetic 

preservative. Thus, this work can lead to opening a path to used sustainable and eco-friendly 

ingredients for the cosmetic industry. 
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Water scarcity represents one of the greatest threats of the 21st century. Reusing treated water 

appears as one of the possible strategies to overcome water scarcity, especially in agriculture-

intensive regions where large amounts of freshwater are demanded. Therefore, treated 

wastewater must comply with biological and chemical quality standards, even after storage for 

a few hours to some days before reuse. Ozonation is already implemented at full-scale urban 

wastewater treatment plants worldwide, as an advanced technology that efficiently removes 

organic pollutants and reduces the bacterial load from secondary effluents. However, previous 

studies demonstrated that storage of ozonated treated wastewater leads to the selection and 

overgrowth of potentially harmful bacteria, which jeopardizes its reutilization. 

In this context, this study was designed to investigate the feasibility of using a nature-based 

solution to control the overgrowth of hazardous bacteria during water storage. Ozone treated 

wastewater (TWW) was mixed with river water (RW) in the same proportion, and the resulting 

bacterial community (RW+TWW) was compared to that of undiluted TWW over 7 days storage. 

As hypothesized, the resulting bacterial community of RW+TWW was diverse and similar to 

that of RW. In contrast, dominance of “Proteobacteria” was observed in TWW upon storage for 

7 days, as previously reported. In addition, the high concentration of antibiotic resistance genes 

in RW+TWW did not differ from that of the non-ozonated controls (WW, RW and RW+WW) 

over the storage period. 

These results point out the need of finding a suitable pristine diverse bacterial niche to be used 

as receptor of bacteria surviving ozonation to promote bacterial competition and consequently 

stimulate diversity.  
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Sugarcane industry generates several by-products of particular interest in the context of a 

circular economy, due to their potential as a source of value-added ingredients. Bagasse is 

one of the main by-products, consisting of a fibrous fraction obtained after juice 

extraction. Sugarcane bagasse is composed of cellulose, hemicellulose, and lignin, with lower 

amounts of extractives and ash (del Río et al., 2015). Lignin is one of the most abundant 

renewable resources on earth and recognized as a profitable source of high value compounds. 

Therefore, the main objective of this work is to study the potential of lignin from sugarcane 

bagasse as antimicrobial and antioxidant agent and assess the influence of two 

different pretreatments - deep eutectic solvents and organosolv – on the biological potential. 

Lignin extract from deep eutectic solvents pretreatment exhibited antibacterial activity against 

Gram-negative bacteria (Escherichia coli) with a minimum inhibitory concentration of 30 

mg/mL. Lignin extract from organosolv pretreatment was active against Gram-positive bacteria 

(Staphylococcus aureus) with a minimum inhibitory of 30 mg/mL. Total phenolic content given 

by the Folin-Ciocalteu method was higher for the sugarcane bagasse organosolv lignin (249.9 

± 32.1 mg/g gallic acid equivalents) followed by sugarcane bagasse deep eutectic solvents 

lignin (165.8 ± 27.6 mg/g gallic acid equivalent). The antioxidant activity of the lignin extracts 

was evaluated by the radical 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) and 2,2-

diphenyl-1-picrylhydrazyl assays. Butylated hydroxytoluene was studied as reference 

antioxidant. For ABTS and DPPH radicals, organosolv lignin showed higher radical scavenging 

capacity (ABTS: 0.262 ± 0.016 mg/mL; DPPH: 0.379 ± 0.010 mg/mL) in comparison to deep 

eutectic solvents lignin (ABTS: 0.345 ± 0.008 mg/mL; DPPH: 0.633 ± 0.025 mg/mL). The 

obtained results suggest an influence of the pretreatment on the antioxidant and antimicrobial 

properties of lignin extracts, corroborating the relevance of understanding lignin structural 

transformations during pretreatments to produce lignin with tailor-made properties.  
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The warning to reduce food waste has been publicized in many sustainability and 

environmental lectures. Strategies that reduce postharvest losses are urgently needed for food 

and nutritional safety and for environment sustainability. Bioactive packaging systems can 

contribute to reduce food waste, extending the shelf life of perishable food products such as 

fruits, while creating a barrier to external conditions, maintaining the quality of packaged 

foods.1 The essential oils have been widely used as a bioactive ingredient in edible films and 

coatings due to their antioxidant and antimicrobial properties.2,3 Prunus avium fruits have a 

significant economic role in some regions of Portugal, and, due to be a perishable fruit it's 

important to develop new ways for their preservation. This study aimed to evaluate the potential 

antimicrobial efficacy of chitosan and chitosan-essential oil coatings during the postharvest 

preservation of Prunus avium fruits. For evaluate the microbial decay, the enumeration of 

mesophiles, psychrotrophics, molds and yeasts were performed in quadruplicate for each 

group of microorganisms. The fruits were collected on day 0 (T0), and the application of 

coatings has performed on the same day. Three treatments were applied in the fruits, the 

control (C) without coating, the chitosan (Q), and the chitosan/essential oil (QOE) films 

solutions. All treatments were subject to temperatures of 20ºC and 4ºC, during 12 days with 

three moments of evaluation, after 4 days (T1), after 8 days (T2), and after 12 days (T3). 

According to the results, the enumeration at T0 was 2.11±0.41 CFU g-1 for mesophiles, 

2.72±0.55 CFU g-1 psychrotrophics, 2.22±0.52 CFU g-1 for molds, and 2.48±0.48 CFU g-1 for 

yeasts. For all microorganisms and at each time of evaluation was observed that the number 

of microorganisms for coated fruits was reduced compared with control. Also, was observed a 

smaller number of microorganisms in the fruits coated with chitosan-essential oil than when 
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was used chitosan coating only. This study demonstrated that QOE coating has the potential 

to be an antimicrobial agent to inhibit the growth of microorganisms such as bacteria, yeast, 

and molds during conservation of Prunus avium fruits. However, cytotoxic studies of essential 

oil should be performed to guarantee the absence of these effects in the organism.  
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Microbial induced calcium carbonate (CaCO3) precipitation (MICCP) is a promising technique 

for the production of building materials with lower environmental impact than traditional building 

materials. Sand cementation through microbial activity is a process that uses a microbial agent 

and nutritive medium as a source of calcium that enables the production of CaCO3, which is 

used as an agglomerating factor for sand grains forming biosandstones. The present study 

proposes the formation of biosandstones using a filamentous fungus, Penicillium 

brevicompactum, as a microbial agent to carry out this process and to analyze the effect of 

calcium concentration in the nutrient media on the compressive strength and density. 

Biosandstones samples were produced using a P. brevicompactum spore’s suspension, 

manually mixed with sand and nutrient medium with four concentrations of 20, 40, 60 and 80 

mM of calcium lactate (C6H10CaO6). The mixtures were placed in cylindrical molds with a diameter 

of 50 mm and height of 100 mm and six samples were produced for each experimental 

condition. The samples were weighed and measured to determine their densities and 

submitted to an unconfined compressive strength test after a 14-day treatment period. All 

medium used enabled the formation of biosandstones. Compressive strengths average 

showed values between 26 kPa to 325 kPa with a maximum coefficient of variation of 12% and 

densities ranged from 1.43 g/cm3 to 1.65 g/cm3 and a maximum coefficient of variation of 1.8%.  

The increase in calcium concentration enabled the production of sandstones with greater 

compressive strength and as expected, density. Nonetheless, the compressive strength results 

of the samples produced using the media with a concentration of 60mM and 80 mM did not 

show statistically significant differences, as the density of the samples that used medium with 

a concentration of 80 mM were higher than those produced with a concentration of 60 mM of 

C6H10CaO6. Thus, it can be demanded that the increased availability of calcium in nutrient medium 

enabled greater bioprecipitation of CaCO3 by the action of P. brevicompactum. Results showed 

the viability of using fungi for the production of building materials with lower environmental 

impacts than those used currently. 
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The first-line biopharmaceutical used to treat Acute lymphoblastic leukemia (ALL), Oncaspar, 

is based on the enzyme L-asparaginase (ASNase), and has annual sales of ca. USD $100 

million. In addition to other sources, genetically modified Bacillus subtilis is regarded as one of 

the most promising hosts for the ASNase production. The Aliivibrio fischeri ASNase type II, 

which has anti-tumour activity due its higher specific affinity for L-asparagine, expressed in B. 

subtillis is located in the periplasm. Therefore, cell lysis is required for the ASNase recovery. 

Nevertheless, typical cell lysis approaches, e.g. chemical methods with surfactants lead to 

some biocompatibility concerns and the need of extra purification steps. To overcome this 

drawback, in this work, ultrasound sonication (USS) conditions were studied to develop a 

greener and more biocompatible method for ASNase recovery from B. subtilis cell lysis. The 

USS cell lysis was optimized regarding the amplitude of USS pulse, number of lysis cycles and 

mass of cells/volume of solvent ratio. The identification and quantification of ASNase and major 

impurities present in the cell extract after lysis were investigated by sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) and size exclusion high-performance liquid 

chromatography (SE-HPLC). ASNase activity was determined by monitoring the hydrolysis of 

the substrate, L-asparagine. The results obtained show that the ideal conditions for B. subtilis 

cell lysis are an amplitude of USS pulse of 60%, 40 cycles of lysis and 10 mL of phosphate-

buffered saline (PBS) per 1 g of cells. Overall, an optimized sustainable B. subtilis cell lysis 

method was developed, avoiding the use of surfactants and with low energy consumption. 
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Lipases are considered as outstanding biocatalysts due to their excellent enzymatic activity 

and high specificity for different substrates, being able to catalyze reactions such as hydrolysis, 

esterification, and transesterification. These enzymes have been applied in several relevant 

processes in the food, pharmaceutical, leather, cosmetic, detergent and paper industries [1]. 

Lipases are considered quite stable biocatalysts and have been successfully used in traditional 

media containing water and organic solvents. Generally, the use of organic solvents presents 

some environmental and toxicity issues, thus limiting the product application. Furthermore, 

some organic solvents are also associated with inactivation and alteration of lipase structure 

resulting in a significant decrease of stability and activity [2]. Additionally, organic solvents 

present low solubility for some substrates such as sugars [3]. 

IL can be an interesting strategy to overcome these limitations since they generally increase 

enzyme stability and present high solubility for a wide range of substrates [4]. Furthermore, ILs 

are non-flammable, thermally stable and can be obtained from natural sources [5]. Thus, they 

are greener alternatives to the hazardous and highly volatile organic solvents. In the present 

work, the enzymatic activity and thermal stability of two immobilized lipases (lipase B from 

Candida antarctica and Lipozyme TL 2M from Thermomyces lanuginosus) was evaluated in 

the IL tributylethylphosphonium diethyl phosphate at differences temperatures (37-60 °C). The 

results show that lipase B from Candida antarctica presents a higher thermal stability and 

activity being a more promising biocatalyst for enzymatic synthesis using this IL. 
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Mining marine microbial secondary metabolism from untapped sources might represent a 

valuable route to uncover novel biotechnologically-relevant compounds. Actinobacteria, first 

class producers of bioactive molecules, often stablish symbiotic associations with marine 

organisms, as seaweeds, and such promising – yet poorly explored – ecological niche may 

encode chemical novelty useful to address clinical problems as important as infections caused 

by antibiotic multi-resistant bacteria or cancer pathologies. In this work, a collection of over 

450 Actinobacteria, obtained from Chlorophyta, Rhodophyta and Phaeophyceae seaweeds, 

collected from the rocky shores in northern Portugal, are being screened for the production of 

compounds with antimicrobial and anticancer properties. According to 16S rRNA analysis, 

isolates recovered so far are mainly affiliated with the genus Streptomyces, but 27 other 

genera – including some rare ones - were also retrieved. Many isolates displayed antifungal 

activity inhibiting the growth of Candida albicans, and/or antibacterial activity towards the 

Gram-positive pathogens Bacillus subtills and/or Staphylococcus aureus, with minimum 

inhibitory concentration (MIC) values as low as 0.487 μg mL-1. The cytotoxic activity of the 

actinobacterial crude extracts is being evaluated using three human cancer cell lines (breast 

carcinoma T-47D, colorectal carcinoma HCT116 and neuroblastoma SH-SY5Y) and a non-

carcinogenic cell line (brain microvascular endothelial hCMEC/D3), with some strains 

compromising only the viability of cancer cells, translating into a possible anticancer asset. 

Dereplication data and molecular networking analysis showed the presence of several well-

established secondary metabolites in most of the active extracts, but it also unveiled the likely 

presence of unknown bioactive entities that are being isolated following a bioactivity-guided 

pipeline. Results obtained so far highlight not only the rich seaweed-associated Actinobacteria 

diversity, but also discloses the potential of this specific marine niche as a promising source 
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of novel bioactive natural products with capacity to feed the pharmaceutical industry or even 

other fields.  
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Organic acids such as monocarboxylic acids, dicarboxylic acids or even more complex 

molecules such as sugar acids, have displayed great applicability in the industry as these 

compounds are used as platform chemicals for polymer, food, agricultural and pharmaceutical 

sectors. Chemical synthesis of these compounds from petroleum derivatives is currently their 

major source of production. However, increasing environmental concerns have prompted the 

production of organic acids by microorganisms. The current trend is the exploitation of 

industrial biowastes to sustain microbial cell growth and valorize biomass conversion into 

organic acids. One of the major bottlenecks for the efficient and cost-effective bioproduction is 

the export of organic acids through the microbial plasma membrane. Membrane transporter 

proteins are crucial elements for the optimization of substrate import and final product export. 

Several transporters have been expressed in organic acid-producing species, resulting in 

increased final product titers in the extracellular medium and higher productivity levels. In this 

review, the state of the art of plasma membrane transport of organic acids is presented, along 

with the implications for industrial biotechnology. 
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Cyberlindnera jadinii is widely used as a source of single-cell protein and is known for its ability 

to synthesize a great variety of valuable compounds for the food and pharmaceutical industries. 

Its capacity to produce compounds such as food additives, supplements, and organic acids, 

among other fine chemicals, has turned it into an attractive microorganism in the biotechnology 

field. In this review, we performed a robust phylogenetic analysis using the core proteome of 

C. jadinii and other fungal species, from Asco- to Basidiomycota, to elucidate the evolutionary 

roots of this species. In addition, we report the evolution of this species nomenclature over-

time and the existence of a teleomorph (C. jadinii) and anamorph state (Candida utilis) and 

summarize the current nomenclature of most common strains. Finally, we highlight relevant 

traits of its physiology, the solute membrane transporters so far characterized, as well as the 

molecular tools currently available for its genomic manipulation. The emerging applications of 

this yeast reinforce its potential in the white biotechnology sector. Nonetheless, it is necessary 

to expand the knowledge on its metabolism, regulatory networks, and transport mechanisms, 

as well as to develop more robust genetic manipulation systems and synthetic biology tools to 

promote the full exploitation of C. jadinii. 
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Deep-sea sediments (DSS) cover almost two-thirds of the planet's surface and host a 

surprisingly diverse microbial community. The harsh conditions of this cold environment lower 

the rate of natural attenuation, allowing the petroleum pollutants to persist for a long time in 

deep marine sediments, raising problematic environmental concerns. Microorganisms living in 

the DSS have been shown to possess distinct strategies when naturally or accidentally 

exposed to several contaminants such as petroleum hydrocarbons.  

The present research aims to bring novelty in deep-ocean oil spill bioremediation by 

investigating the hydrocarbon-degrading potential of microorganisms isolated from deep-sea 

sediments from the Mid-Atlantic Ridge, south of the Azores (North Atlantic Ocean), by testing 

them at lab scale in a microcosm-simulated oil spill. To this end, a combined approach was 

adopted: 1) culture-independent survey was used to explore the DSS microbial diversity by 

next-generation sequencing of the V4–V5 hypervariable region of the 16S ribosomal RNA 

(rRNA) gene; 2) culture dependent techniques, also applied, allowed to identify deep-sea 

bacteria with bioremediation potential. A total of 26 deep-sea bacterial strains with the ability 

to utilize crude oil as the sole carbon and energy source were isolated from the DSS samples. 

Eight of them were selected for assembling a novel Hydrocarbons-Degrading Bacterial 

consortium and their potential to degrade petroleum hydrocarbons was tested in a 

bioremediation experiment. Our results showed an increase in degradation of the 

hydrocarbons in bioaugmentation treatments comparatively to natural attenuation. The 

identification of the strains recovered after the biodegradation experiments contributed to 

elucidate the potential of these bacterial strains regarding crude oil degradation. Moreover, 

high throughput sequencing allowed to track in the pristine DSS samples the presence and the 

relative abundance of 4 out of the 6 genera constituting Hydrocarbons-Degrading Bacterial 

consortium (Pseudomonas sp., Acinetobacter sp., Microbacterium sp., Achromobacter sp.). 
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These genera were present in the initial DSS microbial community with a low abundance that 

ranged between 0.3 and 0.002%. They belong to a long tail of rare taxa that may serve as a 

microbial seed-bank which may increase in relative abundance and become active in response 

to environmental perturbations such as an oil spill.  
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Streptomyces species are Gram-positive aerobic chemoorganotrophic and filamentous 

bacteria of the Actinobacteria phylum, that grow and flourish in diverse ecosystems and are 

involved in the biodeterioration of cultural heritage (CH) materials [1-3] by biomineralization 

and by precipitation of calcite and barite forming a superficial layer of glass and by the 

production of biopigments resistant to chemical and enzymatic disintegration that stain 

colonized surfaces [3]. Microbial biodeterioration is a growing problem in the preservation of 

indoor and outdoor patrimonial assets in CH. Thus, detection and identification of 

Streptomyces spp. is crucial for the safeguarding of CH objects.  The RNA-FISH technique is 

a simple technique with high success in the detection/identification of biodeteriogenic 

microorganisms [4]. This study aimed to design rRNA-FISH target probes to 

Streptomyces spp. and experimentally evaluate their specificity/performance to detect/identify 

these bacteria. 

The probes were designed in silico by using DECIPHER-program and analysed with the 

mathFISH-program and blast nucleotide to calculate hybridisation efficiency and specificity, 

respectively. Assays were performed using isolates of target Streptomyces spp. by varying the 

formamide concentration in the hybridization and washing buffers. Results were assessed by 

epifluorescence microscopy and flow cytometry, respectively. RNA-FISH assays were 

performed with probes Cy3-labelled, following a protocol previously described [4]. 

Excellent performance was observed with high maximal theoretical in silico hybridization 

efficiency (99.93 %) and specificity (348 matches of the target organism in 500 sequences). 

Experimental results revealed that in the absence of formamide, it was possible to observe that 

the streptomyces-Cy3 probe had a similar signal intensity to the EUB338-Cy3 probe (positive 

control), however, it had a much lower percentage of fluorescent cells than that observed for 

the control positive. It was also possible to observe that the presence of formamide did not 

improve the signal of the specific probe streptomyces-Cy3. 
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These results contribute to the future implementation of an easy and fast methodology to detect 

Streptomyces spp. in heritage materials using specific RNA-FISH probes. 

 

Keywords: Streptomyces spp.; Fluorescence In Situ Hybridization; Flow Cytometry; Biodeterioration; Cultural 

Heritage. 
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The great applicability of the organic acids turns them as high-valuable compounds used as 

platform chemicals in many industries. The expression of carboxylate transporters in microbial 

cell factories is crucial for organic acid export and, further efficient and cost-effective 

bioproduction. Within this work, we screened and characterized novel carboxylate transporters 

from the Cyberlindnera jadinii yeast. 

The C. jadinii NRRL Y-1542 proteome was uncovered using a bioinformatic pipeline in which 

a) partial proteins were removed, b) protein topology was predicted by TMHMM server v2.0, c) 

conserved motifs involved in metabolite transport were screened, d) homologs to known 

transporters were identified. In the 6147 protein-coding sequences of C. jadinii NRRL Y-1542, 

1167 have predicted transmembrane segments (TMS) in which 525 have 4-20TMSs, being 

distributed in five major categories from (i) transporters, (ii) enzymes, (iii) receptors, (iv) other 

membrane proteins to (v) unknown proteins. A total of sixteen genes were selected using this 

tool being cloned and expressed in S. cerevisiae. Transporter capacity was determined over 

the growth on different carbon sources and uptake measurement of radiolabelled carboxylic 

acids as acetate, lactate, succinate, and citrate. The newly identified C. jadinii transporters 

were characterized at the level of the transporter specificity, 3D-structure prediction and using 

molecular docking studies. 

 

Acknowledgments 

Supported by strategic program UID/BIA/04050/2013(POCI-01-0145-FEDER-007569) and TransAcids 

(PTDC/BIAMIC/5184/2014) funded by national funds, FCT-IP and ERDF by COMPETE 2020-POCI; MSS 

acknowledges Norte2020 for UMINHO/BD/25/2016 grant (NORTE-08-5369-FSE-000060) and JA acknowledges 

the FCT for the PD/BD/150584/2020 PhD grant. 

 

 

  



2.3  Biotechnology and Sustainablility III 

 

543 
 

279. Unraveling the diversity and biotechnological potential of ascidian-associated 

Actinobacteria 

 

Ana Matos1,2, Mariana Girão1,3, Inês Ribeiro1,3, Ralph Urbatzka1, Vitor Vasconcelos1,2, Maria 

F. Carvalho1,3, Agostinho Antunes1,2 

1CIIMAR - Interdisciplinary Centre of Marine and Environmental Research, University of Porto, Terminal de 

Cruzeiros do Porto de Leixões, Porto, Portugal 

2FCUP - Faculty of Sciences of the University of Porto, Porto, Portugal 

3ICBAS - Institute of Biomedical Sciences Abel Salazar, University of Porto, Porto, Portugal 

 

Sustainable new drugs discovery is of urgent need for effectively neutralize antibiotic-resistant 

microorganisms or life-threatening diseases. Marine invertebrates have been an important 

source of such metabolites. Among them, ascidians have been a source of several novel 

compounds (e.g., Trabectedin, Plitidepsin), with a wide range of bioactivities (i.e., antibacterial, 

anticancer). Public health applications of such metabolites are being constantly unraveled, 

namely Plitidepsin, which has recently demonstrated strong activity against the SARS-CoV-2 

infection. The production of metabolites has been mainly associated to the ascidians’ 

microbiome, with bioactivity mostly attributed to the Actinobacteria. 

Here, we assessed the presence of Actinobacteria in three different Molgula sp. tissues 

(gonads, inner and outer tunic) by culture-dependent and -independent methods. Isolation of 

Actinobacteria was carried out using three selective culture media, followed by molecular 

identification of the obtained isolates through 16S rRNA gene sequencing. The presence of 

Actinobacteria was also characterized through the screening of the overall bacterial community 

with the V3-V4 16S rRNA gene sequencing on the Illumina Miseq Platform. The functional 

potential of the present bacterial community was predicted with PICRUST2 and assigned to 

KEGG orthologs. 

The structure of the bacterial community differed among the different tissues, and also when 

compared with the microorganisms’ composition detected in the collected seawater. The outer 

tunic tissue showed the highest diversity of associated organisms. Bacterial chemotaxis and 

biosynthesis of ansamycins were two of the most abundant KEGG pathways. The presence of 

Proteobacteria dominated all samples in contrast with Actinobacteria members whose 

detection was mainly observed in the outer tunic samples. Nevertheless, the isolation of 

Actinobacteria recovered 13 different genera (3 in gonads, 5 in inner and 9 in outer tunics). 

Antimicrobial and anticancer assays were performed with the crude extracts of the isolated 

strains. Antimicrobial activities were observed against Candida albicans, Staphylococcus 
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aureus, Bacillus subtilis and Escherichia coli. Besides, the assessment of the anticancer 

activity, performed by testing the extracts against two cancer cell lines (HCT116 and T-47D) 

and in a non-carcinogenic cell line (hCMEC/D3), revealed five extracts with activity only against 

cancer cell lines. The presence of new molecules in these extracts will be further assessed 

with dereplication. Overall, the importance of exploring the bioactive potential of ascidians 

microbiome is reiterated in the present study. 
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Marine microbes are gaining increased importance as a source of bioactive molecules in a 

broad range of applications. In this respect, microbial communities associated with algae are 

known to harbour bacterial strains primarily specialized in the degradation of biopolymers, such 

as highly complex polysaccharides. Such capacity constitutes an important trait of marine alga‐

associated heterotrophic bacteria and is mainly determined by the enzymatic activity of 

carbohydrate‐active enzymes (CAZymes). Here we present a study in which isolated bacterial 

strains associated to marine macroalgae are tested for their enzymatic activity, namely the 

presence of CAZymes. Several species were collected at about 5m depth on a coastal CO2 

seep site at São Miguel Island, Azores, Portugal. Ninety-four bacterial strains isolated from four 

different macroalgae were screened, forty-six were selected as putative CAZymes producers 

based on the production of clear zones in agar plates. The Isolate ZMCS4, isolated from 

Cladostephus spongiosus, degraded agar and alginate and showed enzymatic activity for 

carrageenase, α-amylase, endo-1,4-β-D-xylanase and β-Glucanase/Lichenase on specific 

chromogenic substrates and DNS assays. Isolate ZMCS4 was identified as Agarivorans 

aestuarii by sequencing the 16S rRNA gene. The whole genome was sequenced and the 

assembled draft genome consisted of 25 sequence contigs with a total length of 4,570,580 bp, 

and the genome annotation resulted in 4286 coding sequences. The genes encoding for 

CAZymes were detected using HMMER v3.3.2 package with the dbCAN CAZyme database. 

The genome includes 364 sequences encoding CAZymes proteins, wich comprised >8% of 

the total number of protein-coding genes, the most represented families are Glycoside 

Hydrolases (GH), Glycosyltransferase (GT), Polysaccharide Lyase (PL) and Carbohydrate-

Binding Module (CBM). Glycoside Hydrolases GH3, GH5 and GH16 are the most abundant 

with 986 domains including amylases, pullulanases, cellulases, agarases and carrageenases 

involved in the degradation of the most abundant polymers in seaweeds. This is the first report 

characterizing the CAZymes produced by Agarivorans aestuarii and highlights the importance 

of marine microorganisms in producing novel enzymes with potential biotechnological 

applications. 
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Wine is a particularly complex beverage resulting from the combination of several factors, with 

yeasts being highlighted due to their fundamental role in its development. For many years, non-

Saccharomyces yeasts were believed to be sources of spoilage and contamination. Recently, 

the use of these microorganisms for wine fermentation has been widely explored due to their 

positive impact on the complexity of the organoleptic profile of wine [1]. Among this group, 

Torulaspora delbrueckii is gaining relevance within the wine industry owing to its low volatile 

acidity production, increased release of aromatic compounds and enhanced colour intensity, 

resulting in a positive contribution to the final product [2]. Furthermore, this species is also 

being considered of interest in the bread-making context due to the improvement of bread 

sensorial properties and high resistance displayed by some isolates [3]. In this work, a set of 

45 T. delbrueckii strains with varied geographical and technological origins was gathered in 

order to determine the phenotypic behaviour of this species focusing on parameters of 

biotechnological interest. The fermentative character of the strains was also evaluated through 

individual fermentations in synthetic grape must with the isolates metabolic profile being 

assessed by HPLC. Data analysis revealed T. delbrueckii growth is significantly affected by 

temperatures above 37 ºC and ethanol concentrations above 14  -18% (v/v), alongside with 

1.5 mM SO2. However, the majority of the strains shared an advantageous resistance to stress 

environments together with resistance to fungicides. Our results also suggest that the 

technological origin of the strains seems to prevail over the geographical origin in what regards 

influence on yeast properties. The inter-strain variability and profile of products through the 

fermentative processes reinforce the potential of T. delbrueckii from a biotechnological point of 

view. 
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Soil contamination with metal(loid)s due to anthropogenic activities, such as mining, is a 

worldwide issue that affects ecosystem functioning and human health. Efforts are currently 

made to restore these soils through sustainable and economically strategies. 

Phytotechnologies stand out as reliable and ecologically sound options, focusing on the use of 

plants and their associated microorganisms to reclaim contaminated lands and decrease 

pollutant linkages. These options can also provide economic revenues, integrating soil 

restoration into the circular economy concept. Mining areas host metallophytes, either 

excluders or (hyper)accumulators, and plant growth-promoting bacteria (PGPB), adapted to 

high concentrations of metal(loid)s, that can be used in phytoremediation strategies.  

The Borralha mine is a deactivated tungsten producer located in the northern Portugal, in which 

the ending of mineral extraction left several open-air tailings highly contaminated with 

metal(loid)s, such as Cu, Zn, Cd, As and Pb.  

This study aimed to assess the most abundant metallophytes and characterize the culturable 

bacterial community present in Borralha mine tailings for biotechnological purposes. Plant 

biodiversity was assessed over 1 year period, covering the different seasons. Based on plant 

taxonomy, a total of 14 plant species were identified, with some species (e.g., Agrostis 

capillaris, Cytisus striatus, Erica arborea, Pinus pinaster, Rubus ulmifolius, Salix caprea and 

Sedum arenarium) showing potential to be used in remediation strategies. For soil bacteria 

characterization, a composite soil sample was collected from vegetated and non-vegetated 

areas in the tailing zone. A total of 65 bacterial isolates were isolated and characterized 

genotypically and phenotypically (e.g. metal tolerance and plant growth promoting traits). 

Several bacterial strains showed potential to be used as bioinoculants in assisted-

phytoremediation approaches. 
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Underwater caves constitute extremely unique environmental niches, those that favour the 

development of many different microbes from bacteria, fungi, algae, and cyanobacteria. The 

oligotrophic microorganisms found at these places have a complex metabolic network and can 

have great potential as producers of new bioactive substances derived from their secondary 

metabolism.   

Cancer is a major cause of death in the world. So, there is a need for research and development 

of new drugs that guarantee effectiveness with fewer side effects.  

This study under the PROBIOMA project aims to search new bioactive compounds produced 

by bacterial cultures, isolated from marine caves.  

Samples were collected from an underwater cave on the Algarve coast and microbial 

biodiversity was assessed by High-throughput sequencing showing mostly bacteria from the 

Proteobacteria, Bacteroidetes and Firmicutes phyla. On the other hand, the bacterial strains 

isolated from the marine caves were screened for evaluation of antitumor potential in a breast 

cancer epithelial cell line, the MDA-MB-231 line [1,2]. 

Several supernatants from the bacterial cultures showed high anti-proliferative activity against 

these tumoral cell line, namely Sulfitobacter, Cobetia and Pseudoalteromonas. Indeed, there 

were some very promising results concerning these anti-tumour activities, and future 

experiments are being carried out. 

 

Keywords: Marine caves, microbial communities, High-throughput sequencing, anti-tumoral activity, bioactive 

compounds 
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In the last years, several environmental technologies to remove pharmaceuticals have 

emerged, however most of them target wastewater treatment plants. Hence, there is a lack of 

remediation technologies suitable for application in natural environments.  

This work aimed to assess the potential of native microorganisms to biodegrade paroxetine 

(Prx) and bezafibrate (Bzf), to develop a clean-up technology suitable for natural environments. 

Previously, enrichments with Prx and Bzf were conducted, using estuarine sediment (ES) and 

activated sludge (AS) as inocula. Eight enriched consortia were obtained, in which the five with 

highest degradation performance were selected for bacterial isolation and identification. Forty-

eight bacterial strains were obtained, where the genus Pseudomonas was the most abundant 

in all consortia. Afterwards, the isolated strains were re-assembled according to their original 

consortia, to confirm their degradation potential. Three of the five consortia presented removal 

efficiencies higher than 97% for both pharmaceuticals. The consortia obtained from ES 

inoculum, one for each pharmaceutical, were selected for further studies as they both displayed 

the highest performance. 

Then, the potential of each bacterial strain, from both selected consortia, to degrade Prx or Bzf 

was assessed in biodegradation experiments. For Prx, bacterial strains of the genera 

Pseudomonas and Leadbetterella and from the family Chitinophagaceae displayed removal 

efficiencies higher than 80% and defluorination values higher than 60%. For Bzf, the strains of 

the genera Dyadobacter, Ochrobactrum, Leucobacter and Microbacterium exhibited removal 

efficiencies higher than 65%. 

Prx bacterial consortium and respective best degrading strains were afterwards selected for 

the experiments in natural media based on their high degrading potential. 

Experiments in natural media were conducted in microcosms with natural estuarine water and 

sediment, to evaluate the potential of the selected bacterial inocula to degrade Prx, as well as 

the dynamics of the estuarine natural community after the bioaugmentation process. Results 

showed that Prx had a significant effect on microbial community structure, while the 

bioaugmentation process did not exert a significant change on the natural community. 
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However, low removal of Prx from the medium was observed in all bioaugmented treatments, 

probably due to the low nutrients levels in the media, highlighting that proper conditions for 

bioaugmentation need to be selected.  

This work showed the great potential of native microorganisms to degrade/remove Prx and 

Bzf. However, their use as bioremediation agents still needs further optimization to remove 

both pharmaceuticals from natural contaminated environments.  
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The Ectomycorrhizal (EcM) fungi, symbiotic organisms that develop mutualistic relationships 

with host trees improving its vigor and health status, can be used as a biotechnological tool for 

the mitigation of stresses in urban trees. EcM fungi spores are strong structures with potential 

to be used as effective inocula in harsh environments such as cities. The present work aimed 

to assess different storage methods to preserve the viability of spores while enhancing their 

activity by using activity-inducing substances. The viability/lack of dormancy and the activity of 

spores of Pisolithus tinctorius, an EcM fungi, were tested using the colorimetric assay MTT to 

assess cellular metabolic activity. Inducing substances such as glucose, activated charcoal 

and yeast extract were used as a helper of the conservation method. The four storage methods 

- spores stored in the fridge (4ºC) and freezer (-20ºC) in plastic containers, stored in sand at 

4ºC and stored in sand at 4ºC with a period of two weeks at room temperature - induced 

differences in the activity of spores, with the latter storage method preserving the highest 

activity of spores. In contrast, the spores stored at -20ºC appear to be dormant, exhibiting low 

values of activity. The inducing substances, particularly and more notably, the yeast extract, 

had a positive impact in the enhancement of the spore’s activity.  

The spores stored using these methods of conservation were used to inoculate Pinus pinaster 

seedlings, in controlled conditions, and its biological significance will be determined by the 

analysis of the mycorrhization status of the plants. It is expected to be observed a positive 

relationship between high mycorrhization rate and high activity. Indeed, the storage methods 

and inducing substances greatly impacts the activity of EcM spores and it is a step forward to 

the optimization of the EcM inocula as a biotechnological tool to help the commonly stressed 

urban trees in the everchanging environment of cities. The use of an increasingly effective EcM 

inocula can become an important management practice for maintaining green spaces in cities 

to mitigate the effects of this harsh environment. 
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The manufacturing of craft beer involves a wide variety of spontaneous microorganisms that 

contribute to the distinctive characteristics of each style. Some beers are intentionally allowed 

to develop an acidic or slightly sour taste during a long period of maturation in wood barrels, 

following the initial fermentation by yeasts, that will define the chemical and sensorial profile of 

the final product (Bossaert et al. 2019). The objective of this work was the characterization of 

microbiomes of Doppelbock (Extra) and Märzen (Rubi) lagers, maturating in wooden barrels, 

in order understand the relations between the microbiota and beer traits.  

Microbial load was assessed by colony-counts and the bacterial and fungal microbiomes were 

analyzed by Illumina sequencing of 16S rRNA genes of prokaryotes and the ITS 2 spacer of 

fungi (eukaryotes).  

Fungal communities were dominated by the yeast Dekkera, and by lactic acid (Lactobacillus 

and Pediococcus) and acetic acid (Acetobacter) bacteria (Fig. 1). The Doppelbock barrels 

presented more rich and diverse fungal communities. The Märzen barrels were more variable 

terms of structure and composition of fungal and bacterial communities, with occurrence of 
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exclusive taxa of bacteria (Lactobacillus kimchicus) and cellulolytic fungi (Aspergillus sp.).

 

Figure 1. Heatmap of the composition of fungal and bacterial communities in barrels of 

Doppelbock (Extra) and Märzen (Rubi) lagers based on Bray-Curtis distance calculated from 

OTU abundances merged at genus level.   

 

The absence of Enterobactereaceae and the dominance of lactic acid bacteria and Dekkera, 

are traits compatible with nearly-final stage of maturation. The composition of the microbiomes 

indicates that the wood barrels used for the maturation represent a relevant driver of the 

composition of the microbiota and that minority bacterial taxa, differently represented in the 

microbiome of each barrel, may underlie the variability between barrels and ultimately, the 

distinctive traits of each style.  
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The increase of fungal infections is a present concern due to the emergence of antifungal 

resistance, being important to search for new compounds. Marine actinobacteria produce 

secondary metabolites that have many biological activities of interest, including antifungal. This 

work aims to evaluate the activity of crude extracts from marine actinobacteria against 

pathogenic fungi, moulds and yeasts. Thirty extracts of actinobacteria isolated from marine 

macroalgae and deep-sea samples were screened against eight pathogenic fungi: yeasts 

(Candida albicans ATCC 90028, Candida parapsilosis ATCC 22019, Cryptococcus 

neoformans PYCC 3957T, Cryptococcus laurentii ZY8) and moulds (Aspergillus flavus ATCC 

204304, Aspergillus fumigatus ATCC 204305, Aspergillus brasiliensis ATCC 16404 and 

Gnomoniopsis smithogilvyi), by the disk diffusion method, following the Clinical Laboratory 

Standard Institute guidelines (M44-A, M38-A2 and M61). In all organisms, the susceptibilities 

varied with species (p< 0.0001) and the extract (p< 0.0001). G. smithogilvyi, Cr. neoformans 

and C. albicans were the most susceptible and the extracts of actinobacteria from deep-sea 

(corals, sediments and sponges) and Laminaria ochroleuca samples exhibited high efficacy, 

contrary to Chondrus crispus and Codium tomentosum extracts, the least effective. The 

dereplication analysis of the extracts explained the antifungal activity of most of them. New 

assays are underway to understand the antifungal activity of the best extracts against G. 

smithogilvyi, Cr. neoformans and C. albicans.  
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Microplastics (< 5 mm) are becoming a pollutant of major concern to scientists, policymakers, 

and the general public. The aim of this study was to assess the potential of a consortium of 

marine bacteria to biodegradade microplastics from plastic bags made of either conventional 

low-density polyethylene (LDPE) or bio-based polyethylene terephthalate (PET). For this, 

microplastic films (~2 mm2) were exposed to a bacterial inoculum for 45 days. Negative controls 

(microplastics without inoculum) were used in parallel. Bacterial growth and the pH showed a 

statistically significant increase in the samples inoculated with marine bacteria through the 

experiment, as compared with the negative controls. Changes in the functional groups of each 

polymer were investigated by Attenuated Total Reflectance-Fourier Infrared spectroscopy 

(ATR-FTIR). The absorbance of peaks characteristic of LDPE or PET significantly decreased 

in the samples containing bacteria, while new peaks appeared. The chemical oxygen demand 

decreased in the samples subjected to marine bacteria after 45 days of exposure. Scanning 

electron microscopy (SEM) analysis showed the appearance of holes, fractures and biofilms 

on the surface of both plastic polymers inoculated with bacteria. Overall, our results indicate a 

bio-deterioration of both LDPE and bio-based PET in the presence of the selected consortium 

of marine bacteria. However, the complete biodegradation of the polymers, if ever attained, 

may have required much longer exposure times. These results highlight the importance of 

rethinking bioplastics as an “eco-friendly” alternative to conventional plastics. 
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Erwinia amylovora is a plant pathogenic bacterium responsible for fire blight, a globally 

distributed disease affecting members of the Rosaceae family. Unchecked, fire blight can lead 

to decimation of entire orchards, particularly in more susceptible rosaceous hosts, such as 

apples and pears. Due to the host’s socioeconomic importance, this disease has been a major 

concern for farmers and plant health organizations worldwide. Since no cure is available, the 

effectiveness of fire blight management is directly related to preventive or control measures or 

to an early detection of the bacteria followed by immediate implementation of phytosanitary 

treatments in orchards with outbreaks history. Current standardized procedures for E. 

amylovora detection include isolation in culture media and molecular methods, which can have 

limitations such as false-negative results and absence of cellular viability information, 

respectively.  

Through the combined use of specific antibodies and viability dyes, flow cytometry (FCM) 

allows for a more nuanced analysis and characterization of heterogenous bacterial populations 

in plant material thus potentially answering questions current methodologies don’t. In the 

present work, we developed an immuno-flow cytometry (IFCM) protocol for E. amylovora 

detection and cell viability assessment in environmental samples. Adapting antibodies 

described by the European and Mediterranean Plant Protection Organization (EPPO) standard 

for the detection of E. amylovora in plant material we tested them in E. amylovora pure culture 

as well as mixed bacterial culture for specificity confirmation. Simultaneously, staining assays 

with Syto9 and PI were used to evaluate membrane integrity and viability of E. amylovora. After 

validation, this protocol was tested in samples collected from pear cv. “Rocha” orchards in 

Alcobaça at different time points over the course of 2 years. E. amylovora was detected in 

symptomatic and asymptomatic samples and subpopulations with different viability states were 

observed. IFCM enabled a fast and multiparametric sample analyses, having the potential to 

be used as a complementary method for the detection and cellular viability assessment of E. 

amylovora present in environmental samples. Moreover, its ability to detect E. amylovora in 
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infected but asymptomatic plant material can be extremely valuable as a control measure for 

fire blight management.  
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The emergence of new bacterial multi-drug resistant (MDR) strains is a major public health 

concern that requires advancement of knowledge on THEIR infection processes, which 

ultimately will uncover new ways to fight these superbugs. Among the less understood 

processes is haem biosynthesis, which is a pathway with a crucial role in the pathogen 

physiology. Haem proteins are responsible for several key cellular processes, such as, 

respiration, regulation, gas sensing, microRNA processing and cellular differentiation. In 

prokaryotes, haem can be obtained either by endogenous synthesis through dedicated Haem 

Synthesis Pathways (HSP) or acquired from the host.  

All the currently known HSP begin with the universal tetrapyrrole precursor -aminolaevulinic 

acid and involve a cascade of enzymes that lead to the synthesis of haem. So far, three 

biosynthesis pathways are known, namely the protoporphyrin dependent pathway (PPD), the 

sirohaem dependent pathway and the coproporphyrin dependent pathway (1–3). However, 

genome analyses are not sufficient to infer which of these routes is used by a specific 

bacterium. Therefore, we ought to elucidate how the human gut pathogen Campylobacter jejuni 

produces haem.    

In this work, we show which are the enzymes active in C. jejuni and performed their biochemical 

characterisation. Altogether, we concluded that the pathogen possesses an PPD-like pathway.  
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Acetic acid is a weak acid used as food preservative and is a major inhibitory compound in 

industrial bioprocesses. Hence, the elucidation of the mechanisms underlying adaptation and 

tolerance to acetic acid in yeasts is of high relevance in Biotechnology, in particular in 

Lignocellulosic Biorefineries, and in the Food Industry [1]. Among the mechanisms that have 

been proposed to underlie Saccharomyces cerevisiae adaptation and tolerance to acetic acid 

is the remodeling of the cell envelope, considered essential to limit the diffusional re-entry of 

the acid toxic form of the weak acid following the induced active expulsion of acetate from the 

cell interior, thus avoiding the associated futile cycle[1][2]. 

The objective of this work was to examine the hypothesized involvement of the remodeling of 

the cell wall at the molecular and biophysical levels during the time course of the adaptive 

response of S. cerevisiae to a sub-lethal concentration of acetic acid[3]. Results indicate that 

cell wall resistance to lyticase (with β-1,3-glucanase activity) activity, increases during acetic 

acid-induced growth latency, corresponding to the adaptation of yeast cell population to sudden 

exposure to this stress[3]. This response correlated with: (i) increased cell wall stiffness, 

assessed by atomic force microscopy; (ii) increased content of cell wall β-glucans, assessed 

by fluorescence microscopy following cell staining with Fc-Dectin 1 conjugated with Alexa Fluor 

633 (AF633),  and (iii) moderate increase of the transcription level of the GAS1 gene, encoding 

a β-1,3-glucanosyltransferase, that leads to elongation of (1→3)-β-D-glucan chains[3]. 

Collectively, results suggest that adaptation to acetic acid stress involves changes in yeast cell 

wall composition and structure that result in a more robust and stiffer cell wall [3]. This work 

provides a comprehensive view on the coordinated time-course of the alterations occurring at 
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the level of the cell wall in a yeast cell population during adaptation to sudden exposure to a 

sub-lethal stress induced by acetic acid. 
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Tuberculosis (TB) remains the top cause of death by infection. Recently, the World Health 

Organization set 2035 as the target deadline to reduce by 95% the number of human deaths 

caused by TB [1]. Since long ago, it is known that TB is caused by Mycobacterium tuberculosis, 

but the therapeutics currently available have many limitations. Therefore, it is urgent to direct 

research efforts to the development of new drugs. Phosphatidylinositol mannosides (PIMs) 

together with the precursor, phosphatidylinositol (PI), contribute up to 56% of phospholipids in 

mycobacteria cell wall and play a crucial role in pathogenicity. These features along with the 

absence of PIMs in humans, make the enzymes responsible for their synthesis attractive drug 

targets to fight TB. The PIMs components have in their core a phosphatidylinositol which 

carries 1 to 6 mannose residues. The biosynthetic pathway from PIM1 to PIM6 is proposed to 

comprise six reaction steps catalyzed by mannosyltransferases [2]; among these, only three 

mannosyltransferases are known, and one of them, PimE, has not been characterized. The 

identification and characterization of enzymes involved in PIMs biosynthesis is not trivial and 

is further hampered because PIMs are not commercially available and large amounts of 

substrates are required. Consequently, chemical synthesis or the purification of PIMs from 

mycobacterial biomass are the only strategies envisaged for obtaining PIMs.  

The primary objective of this work was to obtain pure phosphatidylinositol dimannoside 

(AcPIM2) and tetramannoside (AcPIM4) on a semi-preparative scale. These metabolites were 

isolated from biomass of the mutant M. smegmatis mc2155 ΔPimE. Extraction of lipids was 

carried out with organic solvents and further purification of PIMs achieved by using three 

chromatographic steps. The purification process and purity of PIMs was assessed through 

HPTLC, MS and 1H NMR. Typically, from 60 g of biomass around 9 mg of AcPIM2 and 1.8 mg 

of AcPIM4 were obtained. The use of AcPIM4 in assays for PimE activity will be demonstrated.  

1. Floyd, K. et al. (2018). Global tuberculosis targets and milestones set for 2016-2035: 
definition and rationale. The International Journal of Tuberculosis and Lung Disease. 22, 723-
730. doi: 10.5588/ijtld.17.0835. 
2. Sancho-Vaello, E., et al. (2017). Structural basis of phosphatidyl-myo-inositol 
mannosides biosynthesis in mycobacteria. Biochim. Biophys. Acta, 1862, 1355-1367.   
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Campylobacter jejuni is a Gram-negative bacterium and the most common cause of 

gastroenteritis worldwide. This pathogen is responsible of approximately 1/4 cases of diarrheal 

disease, which may be fatal in people with other comorbidities1.  

Haem is an iron-protoporphyrin molecule that is essential to all living organisms. As such, this 

cofactor is required for survival of most pathogens within the infecting host, and several 

pathogens have dedicated haem biosyntesis pathways2. Our research focus on elucidating 

how C. jejuni produces haem intracellularly. Our data shows that C. jejuni uses the so-called 

protoporphyrin-dependent pathway (PPD), in which two new proteins are active in this 

microorganism. We also uncovered important protein-protein interactions involving these novel 

proteins. 

 Therefore, this work sheds novel insights into Campylobacter jejuni haem biosynthesis, 

unravelling potential targets to fight infection.   
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In their natural habitats, bacteria are constantly under stress conditions, having to deal with 

thermal changes, nutritional availability, antibiotic treatment, among others. To survive bacteria 

have developed very efficient strategies to regulate their gene expression. RNA degradation is 

a key mechanism during stress response. During this adaptation period, small non-coding 

RNAs (sRNAs) are often up regulated since they can control the expression of several different 

targets. These regulatory molecules usually promote the degradation of their mRNA targets by 

ribonucleases, that are the enzymes which mature and degrade all types of RNAs. In 

Escherichia coli there are more than 100 sRNA described and most already have a defined 

function. Moreover, it is known that there are several ribonucleases involved in these sRNAs 

metabolism. However, the interconnection of sRNAs, ribonucleases and adaptation to stress 

is still not very well understood. In this work, we have focused on E. coli three main 

exoribonucleases, RNase II, RNase R and PNPase and their relevance for the adaptation to 

several stress conditions such as, temperature changes, oxidative and acidic stress. Moreover, 

we analyzed the impact of these ribonucleases on the expression of two stress related sRNAs. 

Through the analysis of RNA-Seq data, we found that RNase II and RNase R regulate several 

sRNAs. However, this regulation seems to be an indirect effect due to the global roles of RNase 

II and RNase R in stress adaptation. To better understand the exoribonucleases roles, we also 

need to consider that as main degradative enzymes when we delete one from the cell, we are 

also activating compensatory mechanisms. Using the WT as reference and comparing the 

transcriptomes of the exoribonuclease’s single deletion mutants (Δrnb, Δrnr and Δpnp) and the 

double deletion mutant (ΔrnbΔrnr) we now have a better understanding of how E. coli adjusts 

to the loss of an exoribonuclease. In summary, in this work we performed multiple comparison 

differential expression analysis to understand the interconnection between two important 

factors involved in RNA degradation (exoribonucleases and sRNAs) and how this leads to 

bacterial adaption to stress. 
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Extracellular vesicles (EVs) are non-replicable, spherical nano-structures with 20-500 nm in 

diameter, released to the growth medium by virtually all living organisms. EVs are known to 

help maintaining cells’ homeostasis, but have also been employed in a number of technological 

applications (e.g. vaccine development). Being capable of controlling EVs formation and 

release in bacteria is therefore a crucial aspect towards the development of robust EVs’ 

producing strains. Particularly in Gram-negative bacteria, three main hypotheses of EVs 

biogenesis mechanisms have been proposed, which are based on: 1) the modulation of links 

between the outer membrane and the underlying peptidoglycan layer; 2) increased turgor 

pressure in the periplasmic space; and 3) modification of the physical and chemical properties 

of the outer membrane. To achieve sustainable production strategies and eco-friendly 

biotechnological solutions, Cyanobacteria have emerged as green alternatives for industrial 

use. However, these bacteria are still poorly studied in several aspects of EVs biology. To fill 

this gap in knowledge, the model cyanobacterium Synechocystis sp. PCC6803 was studied to 

elucidate the cyanobacterial EVs biogenesis mechanisms. From the proposed hypotheses to 

control EVs biogenesis in Gram-negative bacteria, deletion of key players involved in linking 

the outer membrane to the peptidoglycan (1), and increased periplasmic pressure by the 

accumulation of a heterologous reporter protein (2), resulted in strains that release between 

2.5- and 4-fold more EVs to the extracellular medium than the wild-type strain. Furthermore, it 

was observed that over expression and further translocation of heterologous proteins to the 

periplasmic space can lead to protein loading into the EVs. Altogether, these findings open the 

path for engineering cyanobacterial strains with controlled released of EVs with customized 

protein cargo. 
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Coffee is a source of yield in more than 70 developing countries, being of vital importance for 

the balance of revenue in Colombia. Mycotoxins in coffee have been a subject of constant 

study, mainly due to the problems it can cause in food safety, which creates difficulties in the 

commercialization of this commodity. Mycotoxins are produced by fungi that manage to 

contaminate coffee from the pre-harvest processes to the final product. The main mycotoxin 

contamination is given by aflatoxin B2 (AFB2), fumonisin B2 (FB2) and ochratoxin A (OTA), 

the latter being the only one with a regulation of specific limits in coffee products. Several 

studies have shown that Aspergillus niger and Aspergillus carbonarius are considered to be 

one of the main sources of OTA contamination in coffee beans producing relatively high 

amounts of this mycotoxin. However, in tropical regions such as Colombia, OTA is also 

produced by Aspergillus ochraceus and Aspergillus westerdijkiae, which are found more 

frequently. In recent years, coffee production has been intensely affected by the alterations 

brought about by climate change. There is a high risk that   climate changes may be one of the 

sources that help in the proliferation of mycotoxigenic fungi and the occurrence of OTA. 

The aim of this work was to study how future climatic conditions in Colombian coffee regions 

can potentially affect the distribution of Aspergillus carbonarius in the country, and the 

evaluation of PKS gene expression associated with OTA production concerning the 

temperature. It was found that temperature is a fundamental element that defines the growth, 

production and expression of OTA by A. carbonarius, determining a preference for high 

temperatures for its development, but tending to low temperatures for toxin production. 

Consequently, it was possible to suggest that in the future the coffee areas of Colombia will 

have their environment, bigger than the current one, for the growth of A. carbonarius, but on 

the contrary, with temperature increases, the probability of contamination by OTA will be 

reduced. 
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Chestnut tree (Castanea sativa Mill) is a crop with high economic and social importance in 

Trás-os-Montes Region. The pre and post-harvest quality of its nuts can be affected by many 

factors, being the losses due to fungi very large. During the last decade a new endophyte 

fungus, Gnomoniopsis smithogilvyi, causing brown rot, has been isolated from both rotten and 

healthy fruits, and its growth seems to be related with the increase of air temperature and 

rainfall during spring. The present study aims to understand the influence of chestnut substrate 

on G. smithogilvyi biochemistry, in order to develop strategies to reduce its incidence in the 

fruit and improve the control of brown rot. Initially, the presence of the enzymes involved in the 

decomposition of chestnuts, such as amylase, proteases, carboxymethylcellulase (CMCase), 

β-glucosidase, xylanase, among others, was investigated. Further, some hydrolase activities 

were evaluated in two isolates of G. smithogilvyi incubated in potato (PDB) and chestnut media 

(CM) along an incubation period (3, 7 and 14 days), in order to study the effects “isolate”, 

“medium” and “incubation period” on enzymes production. Also, the synthesis of secondary 

metabolites in fungal dry biomass was assessed by Liquid chromatography coupled to tandem 

mass spectrometry (LC-MS/MS). All isolates produced the enzymes screened and, in general, 

the enzyme production varied between the isolates (P< 0.0000), the media (P< 0.0000) and 

along the incubation period (P< 0.0000). Amylase activity was positively correlated with 

xylanase (P< 0.0001), CMCase (P< 0.0001), and Avicelase (P< 0.01), xylanase with CMCase 

(P< 0.01) and β-glucosidase with Avicelase (P< 0.0001). By contrast, β-glucosidase was 

negatively correlated with CMCase (P< 0.01). Twenty secondary metabolites were detected 

along the incubation: eight in both isolates and media, five and three only in isolates grew in 

PD or CM, respectively. Some of these metabolites had been associated with other fungi and 

have known biological activities.  
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The enzymatic profile of this species explains its rapid growth in post-harvest chestnuts, and 

its ability to synthetize some toxins drawing our attention to the potential risks involved with 

healthy chestnuts contaminated with G. smithogilvyi, reinforcing the need to control it on the 

orchards. 
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Acid mine drainage (AMD) is a result of oxidation of sulfide mineral ores that are exposed to 

the environment by intensive mining activities which results in highly acidic waters with 

elevated levels of different metals. Bioreactor systems benefiting from sulfate reducing bacteria 

(SRB) are an attractive approach for the metal removal from AMD. SRB are a group of 

prokaryotes that have successfully adapt to most ecosystems and conduct dissimilatory 

reduction of sulfate (SO4
2-) to sulfide (S2−). The formed sulfide reacts with metal ions which 

leads to the precipitation of insoluble metal sulfides in defined pH values. These group of 

microorganisms usually prefer neutral pH values, while, because of very low pH of AMD, 

additional costs are required for the pH adjustment processes. Therefore, the application of 

acidophilic SRB in these reactors systems can be an asset.The current work was performed 

to enrich, isolate and characterize SRB from the São Domingos mining area. For this purpose, 

five samples were collected from mine sediments located in an area receiving both AMD (a 

source of sulfate and micronutrients) and an effluent from municipal wastewater treatment plant 

(a source of carbon and macronutrients). Enrichment cultures in liquid Postgate B growth 

medium were inoculated with a mixture of the five sediments with three different carbon 

sources (glycerol, ethanol and methanol) in five different pH values (pH= 2, 3, 4, 5 and 6). 

During this experiment it was observed that bacterial communities from these sediments have 

sulfate reduction activity using glycerol and methanol as sole carbon sources at pH values of 

4 and 5, which corresponds to  a range below the optimal values (pH between 5 and 8) for 

non-acidophilic SRB. Bacterial communities from the original sludge and from enriched 

cultures are being studied following a meta-taxonomic approach using the V3-V4 variable 

regions of the 16S rRNA gene. In addition, 10 putative acidophilic SRB colonies were isolated 

using solid Postgate E medium inoculated with the promising enriched cultures. Thereafter, 
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taxonomic classification of the isolated colonies are being conducted using sequences of the 

16S rRNA gene (prokaryotes), 18S rRNA gene (eukaryotes) and the marker ITS1-4 

(eukaryotes).  
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Several strains belonging to the Alicyclobacillus (ACB) genus have received a lot of attention 

from the food industry, from bakery to distilling and beverages, as they have been associated 

with spoilage events of acidic food matrices, such as fruit-based products, namely fruit juices. 

These taint producing ACB strains, just like other ACBs, are gram-positive spore-forming 

bacteria that can resist to wide ranges of pH (2.0 – 6.5) and temperatures (25ºC – 70ºC). They 

have the ability to generate different phenolic compounds which modify the organoleptic 

properties of the food matrix where they grow, by conferring antiseptic, smoky, and medicinal-

like odours and flavours.  

The majority of the occurred spoilage events caused by taint producing ACB strains have been 

attributed to A. acidoterrestris, which has made this species the focus of most studies related 

to controlling the presence of ACB. Although many phenotypic characteristics have been 

previously and thoroughly described, a comprehensive knowledge of this species genomic 

background is crucial to reveal key features with relevance either for food quality assurance or 

for biotechnological applications (e.g. thermostable enzymes). 

In this work, the combination of short and long reads obtained from Illumina and Oxford 

Nanopore sequencing platforms, respectively, enabled for the first time the assembly of the 

complete genome of the type strain A. acidoterrestris DSM 3922, revealing the presence of 1 

chromosome as well as 2 plasmids. 82.73 % of coding sequences were annotated as proteins 

with common functions, including spore germination related proteins, key enzymes involved in 

off-flavour production, and CRISPR arrays, which were found both in chromosomal and 

plasmid DNA. It was also observed that longer reads resolved unassembled regions obtained 

using Illumina-only assemblies, such as the previously published whole genome shotgun 

sequencing project, enabling the identification of twelve rRNA operons that were previously 

missing and additional genes related to spore germination (e.g. sporulation membrane protein 

YtrH) and virulence features (e.g. YihY family inner membrane protein). Interestingly, most 

existing gaps in the draft genome correspond to transposable elements, supporting the idea 
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that repetitive DNA regions represent one of the major challenges for short reads sequencing 

approaches which can be tackled by also combining long reads, as herein demonstrated.  

More importantly, this is the first complete genome sequence for a taint producing ACB 

species, and thus represents a valuable reference for further comparative and functional 

genomic studies. 

 

 

  



3.2 Biotechnology and environmental microbiology: from psychrophiles to extremophiles 

 

575 
 

51. Fungal treatment of Kraft Black Liquor using Phanerochaete chrysosporium and 

Aspergillus uvarum  

 

Ana Isabel Díaz1, Adriana Laca1, Nelson Lima2 and Mario Díaz1 

1Department of Chemical and Environmental Engineering. University of Oviedo. 

C/Julián Clavería, s/n, E-33006, Oviedo, Asturias, Spain. 

2Centre of Biological Engineering. University of Minho. Campus de Gualtar, 4710-057 Braga, Portugal 

 

 

The Kraft Black Liquor (KBL) generated by the pulp and paper industry is a highly alkaline 

effluent with high chemical oxygen demand (COD), toxicity, low biodegradability, and high 

concentration of phenolics. This work has been focused on the study of using the fungi 

Aspergillus uvarum and Phanerochaete chrysosporium to treat this pollutant effluent. 

Experiments were carried out at 25 ºC and 150 rpm for 10 days in a batch reactor. The 

treatment was assayed with raw KBL and after removing the solids and different pH values 

were tested (4 and 6). Furthermore, experiments without pH control during the treatment were 

also carried out. The evolution of COD, BOD5, colour index (CN), and the concentration of 

reducing sugars and phenolics was analysed in samples taken at different times of the 

biological treatment. Besides, the enzymatic activities manganese peroxidase (MnP), lignin 

peroxidase (LiP), and laccase (Lac) were measured. The treatment with P. chrysosporium 

gave removals of COD, colour index and phenolics of 65%, 37% and 56%, respectively, 

whereas A. uvarum achieved percentages of 61%, 81% and 67%, for the best conditions 

tested.  

These results demonstrate the potential of both fungi for treating certain problematic industrial 

wastewaters, such as KBL. It is especially interesting the good data obtained with A. uvarum, 

which has not been previously assessed for the treatment of effluents from the paper industry. 
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The omics approaches include a set of analytical tools that have been gaining enormous 

relevance, mainly due to the amount of data generated and information made available. 

Metabolomics, the detailed analysis of the metabolome, reveals the set of metabolites 

produced by a given organism, in a given condition at a given time interval. Thus, microbial 

metabolomics provides information about the microbial metabolites produced by an organism, 

in a specific environment/ experimental condition. Pedobacter lusitanus NL19 (NL19), a new 

species recently described by our group, encodes in its genome the information for the 

production of several Secondary Metabolites (SMs). However, the compounds produced are 

different depending on the composition of the culture medium. This is particularly notable when 

the microorganism is grown in 25% PC, a modified Tryptic Soy Broth (TSB) culture medium, in 

which the peptone of casein concentration is reduced to 25%. Furthermore, the profile of the 

SMs produced is different from that observed for the phylogenetically close strain, Pedobacter 

himalayensis MTCC 6384T (MTCC 6384T), when cultivated in the same conditions. 

The aim of this work was to understand the differences in the volatile exometabolomes of these 

two species in PC 25% and TSB 100%. For this, we used the combined methodology HS-

SPME / GC × GC-ToFMS. 320 compounds were identified, and the relative abundance of the 

produced compounds/ CFU was higher in the MTCC 6384 strain. Of these, only 124 were 

considered statistically significant under the tested conditions when compared to the control. 

In the MTCC 6384T strain, we have observed a greater abundance of compounds that are 

involved in the biosynthesis of monoterpenoids, degradation of aromatic compounds, 

degradation of valine, isoleucine and leucine and biosynthesis/degradation of fatty acids. 

Preliminary results show that the reduction of nitrogen concentration from 100% to 25% 

resulted in a contrasting effect for the two strains, this being metabolic repression in strain 

MTCC 6384 and metabolic activation in strain NL19. This may be due to the preference for 

different culture media with regard to the cell's energy production pathways. This is a 

preliminary study, which still requires a finer analysis of these metabolomes, but which allowed 

the beginning of the construction of an omics pipeline, which will complement other genomics, 

transcriptomics and proteomics studies. 
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The removal of BTEX in a saline environment by Aspergillus niger was studied. Fungal 

biomass pre-adapted to the saline condition was used as inoculum for batch reactors in 

aqueous saline Czapec medium (25% NaCl) to remove BTEX (1500 mg/L) and under agitation 

at 200 rpm, for 7 days. BTEX were previously diluted in ethanol (10 mL). The fungus reactors 

were divided according to the addition of sucrose, 2 g/L (R3 and R4) and 30 g/L (R5 and R6). 

The control reactors (R1 and R2) did not receive fungal biomass, only the saline medium. 

There was a marked initial volatilization of hydrocarbons in all reactors, except for benzene, 

which was almost completely adsorbed to fungal biomass. It was also observed that the mean 

value of k in control reactors (R1 and R2) were lower than those obtained in reactors with fungi, 

with 228 d-1 (benzene), 228.75 d-1 (toluene), 230.60 d-1 (ethylbenzene) and 297.5 d-1 (xylene). 

For fungi reactor, the k was slightly higher in reactors R3 and R4, in which the average value 

of k was 259.8 d-1 (benzene), 279.45 d-1 (toluene), 311 d-1 (ethylbenzene), 315.5 d-1 (xylene). 

While in R5 and R6, the average k was 239.5 d-1 (benzene), 264.45 d-1 (toluene), 289.5 d-

1 (ethylbenzene) and 292.3 d-1 (xylene). These results indicated that the action of fungi 

contributed to a greater removal of BTEXs from the aqueous medium, with the highest values 

of k obtained in reactors where the addition of sucrose occurred at a lower concentration (R3 

and R4). Even so, the persistence of BTEXs was the same in reactors with fungi, regardless 

of the sucrose concentration, with a half-life of 0.003 d for benzene and toluene and 0.002 d 

for ethylbenzene and xylene. In addition, regardless of the higher or lower concentration of 

sucrose present in the medium, mycelial growth was apparently little influenced, with an 

average dry weight of 8 g (R3 and R4) and 10 g (R5 and R6), respectively, but it was shown 

that Aspergillus niger, although not a marine species, is able to grow in the oceans. This can 

be very useful in processes of decontamination of marine environments due to oil spills, as it 

would allow less time to expose the environment to the harmful effects of BTEX.  
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The Palaeolithic site of Escoural Cave in Portugal contains a rich history of rock art dating as 

far back as the Upper Palaeolithic period.  

Hypogean environments constitute extremely unique environmental niches, those favouring 

the development of many different microorganisms, from bacteria, fungi, algae, and 

cyanobacteria. Microbial communities can form biofilms or colonies that can cause serious 

negative effects on rock art in hypogean environments [1]. However, some of these 

microorganisms that survive in these extreme conditions can have the ability to produce new 

bioactive compounds, derived from their secondary metabolism, giving us insights into the first 

colonisers and can also prove beneficial in other field like medicine, food and to study and 

environmental changes.   

Non-invasive microbial analyses by High-throughput sequencing and culture-dependent 

methods were conducted in Escoural Cave [2]. The most prominent bacterial genus identified 

from culture-dependent and NGS methods was Bacillus followed by Enterobacter, 

Stenotrophomonas, Pseudomonas and Paenibacillus naturally found within karstic systems. 

All isolates are commonly found in soil and are able to find a natural habitat in hypogean 

environments. Some of these microorganisms can provide new biological solutions for applying 

in fields of conservation of cultural heritage and some industrial applications. 

 

Keywords: Biodeterioration, Biocolonazation, High-throughput sequencing, limestone, Escoural Cave.  
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Microbial strains resistant to synthetic antimicrobials are a global issue and urge new solutions 

and molecules with biocidal potential. Some studies from hypogenic environments have shown 

complex ecosystems, with unique organisms with high potential to produce new bioactive 

compounds with antibiotic, pesticide, fungicide or even biocide action for the conservation of 

cultural heritage [1,2]. 

This study under the PROBIOMA project aims to search for bioactive metabolites with potential 

application in therapeutics, produced by microorganisms isolated from hypogenic 

environments. For this study, samples were collected in two underwater caves on the Algarve 

coast and microorganisms were isolated on marine agar medium 2216.  The DNA of 97 

selected isolates was extracted and the Identification was performed by sequencing 16S rDNA. 

The antimicrobial spectrum of metabolites produced by selected isolates (Brevibacterium sp., 

Pseudoalteromonas sp., Vibrio sp., Cobetia sp., Cellulophaga sp., Tenacibaculum sp., Bacillus 

sp., Mesonia sp., Rhodobacteraceae sp., Agarivorans sp. and Sulfitobacter sp.) was evaluated 

in solid medium and liquid medium against bacterial strains of Staphylococcus aureus, 

Staphylococcus epidermidis, Escherichia coli and Pseudomonas aeruginosa, and in solid 

medium against biodeteriogenic fungi Mucor sp., Aspergillus niger, Fusarium oxysporum, 

Cladosporium sp., and two Penicillium sp..  

The selected extracts did not show antifungal action by the selected fungal strains. The 

antibacterial activity was observed in bacterial extracts of Brevibacterium sp., 

Pseudoalteromonas sp., Vibrio sp. and Sulfitobacter sp..  

The results obtained suggest that bacteria isolated from hypogenic environments can produce 

biologically active compounds with potential application as antibiotics against resistant 

pathogenic bacteria. 
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Approximately 6.8 Mt of bauxite residue (BR) are generated each year in EU, but only a small 

fraction is reintroduced in the production cycle and its long-term storage in landfills is a major 

environmental issue. These residues constitute an important untapped reserve of critical raw 

materials (CRMs), as BR contains significant amounts of Rare Earth Elements (REE) (~1kg/t) 

with high economic importance, essential for the production of electronic components. 

Magnesium waste (MgW), or Magnesium Low Grade Ore (MLGO) are another source of Mg, 

a CRM of high importance (>90% of the world’s Mg supply depends on China). MLGO reserves 

can be found in the EU (mainly EL, SK, PL & ES; ~1.2 Mt Mg/yr), but, as for BR, their 

exploitation require the development of technically innovative and economically sustainable 

processes to cope with their impurities. 

Objective: The objective was to obtain a selection of autochtonous strains with potential for the 

removal of impurities such as Fe and CaCO3. Isolation of indigenous bacteria from BR 

originating from a Greek mining company and from MgW (FBO,FZU,PC8) produced by a 

Spanish mining company was performed on solid media (R2A and YDC) over a pH gradient 

(7-11).  

Results: All residues were extremely alkaline (pH 9-13) and a higher number of microorganisms 

were recovered at pH 8-11, except for sample PC8. A total of 837 strains were isolated, with 

the highest diversity of recovered culturable bacteria at pH 9 (except for PC8), and important 

relative abundances of bacteria considered adapted to alkaline, saline or cold environments: 

Yonghaparkia sp., Nesterenkonia sp., Dietzia sp., Alkalihalobacillus sp. and Psychrobacillus 

sp. (Fig.1). Less than 5% of the isolates were able to degrade CaCO3, and 25% showed the 

capacity to mobilize iron from goethite. Some strains were able to acidify and leach metals from 

MgW and BR when fed with xylose or glicerol.   

Conclusion/Significance: A few autochtonous heterotrophic strains isolated from alkaline 

residues can decrease pH and leach metals. This ability, together with their natural adaptation 

to the alkaline residues to be treated, can be of use in a pre-treatment strategy, working in 

tandem with proper acid bioleaching of critical metals, decreasing costs and increasing the 

efficiency of the process. 
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Poultry meat, due to its low price and nutritional value, presents as a healthy and easily 

accessible option for many households. Therefore, a continual global increase in poultry meat 

consumption is expected. This increase in poultry meat consumption may lead to a rise in 

bacterial gastroenteritis since poultry meats often carry foodborne pathogens such as 

Campylobacter spp. and Salmonella spp. Although current practices are implemented to 

eliminate the presence of these foodborne pathogens at the retail level, contamination can 

occur, which presents a risk for the consumer. A safeguard for consumers could potentially lay 

on marinated meat. Current marinated meat products sold on the market are focused on 

increasing the shelf life and overall taste and tenderness of the meat. However, marination 

could be optimized to reduce levels of foodborne pathogens on the meat during its shelf life. 

To achieve this objective, many ingredients with different active principles might have to be 

used. Wines, with their complex composition, possess organic acids, phenols, ethanol all of 

which might present a significant antimicrobial action. Essential oils such as carvacrol, thymol, 

along with weak organic acids such as citric and acetic acids have also been praised for their 

antimicrobial activity. By combining different active principles in a marinade, we could 

potentially reduce the concentrations of the overall bactericidal ingredients. This study aimed 

to perform a preliminary analysis on the individual and the combined antimicrobial action of 

various common marinade ingredients as well as the effect of various marination periods on 

the antimicrobial action of said ingredients. To achieve this goal, chicken skin inoculated with 

either Campylobacter jejuni or Salmonella spp. was immersed in the different marinade 

formulations for various periods of time. After these periods it was evaluated whether the 

marinade was responsible for a significant reduction in the levels of pathogens present on the 

chicken skin. From all the evaluated marinade formulations vinegar-based marinades showed 

the best antimicrobial action against C. jejuni and S. Enteritidis; reductions ranged from 1.9 to 

more than 5.9 log CFU/g. Marinades containing lemon juice also presented some significant 

antimicrobial action against both pathogens. However, more assays need to be performed in 

order to fully support this claim. 
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Vibrio spp. are ubiquitous in aquatic ecosystems worldwide and can negatively impact human 

health and ecosystem services. Several Vibrio species are recognized as emerging pathogens 

to humans (Vibrio cholerae, Vibrio parahaemolyticus, and Vibrio vulnificus), known to cause 

gastrointestinal illness, wound infections and septicemia. The reported outbreaks of Vibrio-

associated human illness, linked to recreational bathing and to the ongoing climate changes 

have been increasing, including in the Northern Hemisphere. The World Health Organization 

guidelines on bathing water quality identified potential pathogenic Vibrio as naturally occurring 

microorganisms of possible concern, and acknowledged the need of research to understand 

the associated microbial ecology. The aim of this study was to investigate the spatial-temporal 

prevalence of Vibrio spp. in an urban temperate estuary, to understand its dynamics in relation 

with key environmental constrains. Monthly surface water and sediment samples were 

collected, along the Douro estuary gradient, over a year. 

 Multivariate analysis was applied to ascertain the link between environmental signatures and 

the Vibrio abundance estimated by quantitative PCR (qPCR). Vibrio spp. were detected 

throughout the year, with abundances ranging 2.90 – 7.54 Log copies/mL and 5.92 – 9.20 Log 

copies/g in water and sediment, respectively. Moreover, all the potential pathogenic Vibrio 

species were identified in the estuary. In the water column, a seasonal trend in Vibrio 

abundance could be observed with an increment throughout the summer and fall, followed by 

a winter decrease. Also, a clear gradient decrease in abundance could be noted from 

downstream to upstream. The highest values were consistently detected in the low stretch of 

the estuary in the warmer months, whereas the lowest ones were observed in the upper stretch 

in winter. In sediments, Vibrio abundance revealed a less expressive seasonality, with high 

numbers throughout the year, indicative of the stability of this habitat and suggesting a potential 

reservoir for these microorganisms. Additionally, the middle stretch of the estuary showed the 

highest abundance in all seasons. Temperature, salinity, particulate matter and precipitation 

appear to have a key role in the dynamics of estuarine Vibrio species. Under a climate change 

scenario, the results of this study highlighted the need to monitoring and understanding Vibrio 

spp. dynamics, to develop integrated microbial risk assessment tools and ensure users safety. 
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The plant microbiome influences important plant functions such as growth, abiotic stress 

tolerance, and disease resistance, by processes that often involve secondary metabolites. Still, 

at present, our understanding of the mechanistic relations between the plant microbiome and 

the metabolome remains limited. Halophytes, well-known sources of nutraceuticals and natural 

bioactive substances, represent valuable models for the understanding of the involvement of 

the microbiome in the expression of plant metabolites underlying tolerance to abiotic stress. 

Understanding the relationship between the plant metabolome and microbiome can support 

the perspective of improving the metabolite profile of halophytes by a targeted manipulation of 

plant-associated microbial community, adding market value to halophyte crops.  

In order to unravel the relations between the microbiome and the metabolome of Salicornia 

ramosissima, bacterial endophytes and plant metabolites were investigated in populations 

corresponding to natural saltmarsh and intensive crop cultures, within the estuarine system 

(Ria de Aveiro, Portugal). Endophytic bacterial communities were characterized by 16S rRNA 

gene sequencing using the Illumina Miseq platform. The metabolite and elemental profiles 

were analyzed by GC-MS of n-hexane extracts of plant material and by ICP-MS, respectively.  

Bacterial endophytic communities in crop and wild plants were similar at higher taxonomic 

levels. However, at lower taxonomic levels, crop and wild plants showed distinct species 

composition (ASVs) and 13 genera distinguish their microbiomes.  

Wild plants showed significantly higher concentrations of Na, K, Mg, Ca, carbohydrates and 

terpenoids. Crop plants have significantly higher amounts of carboxylic acids and aldehydes. 

Pearson’s correlation analysis revealed some significant positive correlations, namely the 

association between saturated fatty acids and Vibrio in crop plants or Marinobacterium and 

Halomonas in wild plants. Furthermore, Halomonas was also positively correlated to Pb and 

Ni in wild plants.  
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On the other hand, significant negative correlations were found between the presence of 

Defluviicoccus in crop plants and their carbohydrate content and, in wild plants, between 

Halomonas and terpenoids and Thalassospira and alkanes. 

This study provides clues for specific relations between bacterial taxa represented in the 

endophytic microbiome and the plant phytochemical and metabolic profile, which implication 

on nutritional value and biotechnological potential.  
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The microbial symbionts of sponges and corals are magnificent, yet underexplored repositories 

of novel natural products with bioactivities of interest to medicine and biotechnology [1,2]. This 

study aims to (i) determine the phylogenetic breadth of 928 bacterial strains isolated from 17 

marine sponge species (703 strains), two coral species (215 strains), and one fish species 

(gilthead seabream, ten strains), and (ii) assess the antibacterial activity of representative 

isolates. 16S rRNA gene-based phylogenetic analyses grouped the isolates into six bacterial 

classes, 18 orders, 57 classified and at least eight unclassified genera. Seventy isolates were 

then subjected to cross-streak antibacterial assays against relevant human (Staphylococcus 

aureus ATCC6538, multi-resistant S. aureus JE2-MRSA, Salmonella enterica Thyphimurium 

SL1344) and fish (Vibrio parahaemolyticus DSM 101031) pathogens, as described elsewhere 

[3,4]. Forty-four isolates showed at least partial inhibition against one of the pathogens (Figure 

1). Gammaproteobacteria species presented overall most activity, with 19 of 20 strains 

displaying inhibition.  

Outstanding candidates were the marine sponge-derived strains Halomonas sp. R46 and 

Exiguobacterium sp. CinTr1, the latter fully inhibiting V. parahaemolyticus. Coral-derived 

Aliivibrio sp. EL58 and sponge-derived Vibrio sp. St2 also performed strongly, reducing S. 

enterica growth by 100% and 75%, respectively. Our study showcases the phylogenetic 

diversity of culturable, bacterial symbionts of marine animals and highlights isolates with 

promising antibacterial activities worth further research. 
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Figure 1. Antibacterial activities of marine bacterial isolates against human and fish pathogens using the cross-streak 

agar plate assay [3,4].  Stacked bar size represents the intensity of observed growth inhibition while shades of blue 

represent the different pathogens tested. All tests were performed at least in triplicates and values represent average 

inhibitions. 
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31. Antimicrobial peptides of Saccharomyces cerevisiae – a proteomic study 
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Saccharomyces cerevisiae secretes small antimicrobial peptides (AMPs) derived from the 

glycolytic enzyme glyceraldehyde-3-phosphate dehydrogenase (GAPDH), which induce the 

early death of some non-Saccharomyces yeasts during wine fermentation. In a recent study 

we found that the fuel-ethanol S. cerevisiae starter strain Ethanol-Red also produces these 

AMPs that exhibit bioactivity against fuel-ethanol contaminants. During wine fermentations 

those AMPs are produced by S. cerevisiae wine strains and excreted to the extracellular 

medium as the fermentation progresses. In this context, the aim of this work was the analysis 

of the exoproteome of S. cerevisiae Ethanol-Red strain, using extracellular samples harvested 

at different time of fermentation using unidimensional and two-dimensional electrophoresis 

techniques. Alcoholic fermentations were performed in 2L of Synthetic Grape Juice (SGJ) that 

was inoculated with 105 cells/mL of Ethanol-Red and incubated at 25ºC and 80 rpm, for 7 days. 

Samples from fermentation were collected at 0h, 12h, 24h, 48h, 72h, 144h and 192h, and cell-

free supernatants were concentrated using ultrafiltration devices. The extracellular protein 

profile of those supernatants was quantified and analyzed by 1DE in 12.5% polyacrylamide 

gels and 2DE, using IPG strips (7 cm) with a 4-7 pH gradient in the 1st dimension (IEF), and 

the PROTEAN IEF Cell system, and polyacrylamide gradient mini-gels (NuPAGE, 4 – 12%), in 

the 2nd dimension (SDS-PAGE). Both 1DE and 2DE gels were silver stained. The preliminary 

analysis of 1D gels revealed that several high molecular weight proteins are expressed after a 

24h time period, as well as an isolated spot of ca. 25 kDa. On the other hand, the 2D gel maps 

showed low molecular weight proteins with pI from 4.5 to 6.5 kDa that might correspond to the 

AMP targeted in this work.  

As future work, we intend to analyse in detail the 2D gels and to identify the spots of interest 

by mass spectrometry (MS) techniques.  
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Microalgae are key as sustainable sources of nutrients for food and feed to satisfy the 

increasing world’s population needs. Microalgae requires minimal resources to grow and do 

not compete for land or important resources like drinking water. As the consumption of protein 

from alternative sources is growing and will cover up to 50% of this market by 2054, the 

demand for microalgae rich in protein is growing. In addition, microalgae with enhanced 

contents of omega-3 polyunsaturated fatty acids and pigments, like chlorophyll and lutein, 

which are largely consumed as natural food colorants and feed ingredients, are also widely 

sought after. Recently, Allmicroalgae has isolated a Chlorococcum amblystomatis strain from 

a freshwater pond, which displayed higher protein (55.72%), omega-3 polyunsaturated fatty 

acids (67.81% of total fatty acid methyl esters), chlorophyll (40.24 mg.g-1) and lutein (5.37 mg.g-

1) contents, when compared to Chlorella vulgaris. Moreover, because improving biomass 

productivity and reducing operational expenditures (OPEX) are essential for biomass 

sustainable large-scale production, C. amblystomatis growth was optimized and highly 

concentrated (89.55 g.L-1) cultures in 5-L fermenters were reported. A two-stage growth 

approach was tested, where heterotrophically grown cells were used as inoculum for large-

scale industrial photobioreactors (PBR) operated under photoautotrophy, reducing the scale-

up time and overall costs. C. amblystomatis achieved high biomass productivities in a 2.6-m3 

PBR (0.13 g.L-1.day-1). Overall, it is important to implement new and more sustainable 

production strategies, which can satisfy the food needs of mankind while mitigating the 

environmental footprint for its production. Microalgae, particularly this free-living C. 

amblystomatis strain, with high protein and biomass productivities, displays a promising 

nutritional profile, being suitable for food and comparable to conventional feedstocks. 
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 The ESSACC collection from the National Institute of Health Dr. Ricardo Jorge (Lisbon, 

Portugal) was established in 1956 as a repository of phytoplankton organisms, in particular 

marine Dinoflagellates [1]. Presently, it harbors 158 strains of cyanobacteria, belonging to 16 

genus and 23 species, mainly isolated from Portuguese freshwater reservoirs. Firstly used for 

research studies in cyanobacteria toxicology, as some ESSACC strains have been identified 

as producers of cyanotoxins (microcystins and saxitoxins), they are presently used for the 

analysis of distinct bioactivities [2,3]. Studies with ESSACC strains have profiled their 

antioxidant potential as well as their antimicrobial activity against several clinical relevant 

microorganisms. Additionally, ESSACC strains are also used to evaluate the impact of 

antibiotics on cyanobacteria and, on the other hand, the role of cyanobacteria in the 

dissemination of antibiotic resistance in aquatic environments. In this work, we present the 

main scientific outputs achieved with ESSACC cyanobacterial strains, their contribution to the 

knowledge of these important microorganisms from the aquatic environment and their 

biotechnological potentialities. 
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Phytopathogenic fungi represent a major concern for winegrowers as their uncontrolled 

development can lead to large losses in production and related economy. Currently, the most 

common practices to control their development are based on chemical products, which have 

been associated with health and environmental problems, as well as to the emergence of new 

multi-resistant strains. Thus, cleaner, less harmful and more bio-based strategies are highly 

demanded, being the use of antagonist microorganisms one of such alternatives. Among them, 

yeasts have been reported as being able to inhibit the growth of a variety of fungal species, 

both “in vitro” and “in vivo”.  

The main objective of this work was to evaluate the antagonistic potential of a collection of 400 

yeasts strains isolated from winemaking environments against Aspergillus sp., Botrytis sp. and 

Penicillium sp., three of the most commonly phytopathogenic fungi found in grapes. For this, 

two different dual culture assays were used: the confrontation assay (CY), which aimed to 

assess the antagonistic activity (AA) mediated by nutrient/space competition or by production 

of diffusible compounds, and the “VOCs” approach, where yeast and target were unable to 

contact, in order to evaluate the antagonism arising from the production of volatile compounds. 

All yeasts demonstrated AA against the three tested fungi in at least one of the approaches 

used. There was a great dispersion of AA, both between the different yeast genera tested and 

between the strains of the same genus. In both approaches, Hanseniaspora strains showed 

the highest AA against the Aspergillus strain tested. On the other hand, Starmerella strains 

were the most effective against Botrytis in the VOCs approach, while in CY the response of the 

overall set was more uniform. Regarding Penicillium, the strains Candida and Starmerella 

showed the highest AA by the production of volatile compounds, while Hanseniaspora strains 

were the top performers in the CY assays. In the overall yeast set, the production of volatiles 

appeared to be the most efficient mode of action, especially against Botrytis. These results 

demonstrated the antagonistic potential of this yeast collection and are the foundations of 
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further studies, particularly aiming to deeper understand the mode of action of those showing 

remarkable AA. 

 

This work was supported by FCT project ABCYeasts (Norte 2020, ANI  39793). Marcos Esteves is a recipient of a PhD grant 

with the reference PD/BD/150587/2020 from the FCT Doctoral Program in Applied and Environmental Microbiology 

(DP_AEM). 

 

 

 

  



3.3 Microbiological collections: resources for a sustainable present and future 

 

 

599 
 

380. Isolation and phylogenetic identification of marine sponge-associated 

Actinobacteria from Mozambique and Portugal 
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Marine sponges are known to have a dense and diverse microbiome that is frequently rich in 

Actinobacteria. Various species of these microorganisms have been shown to produce a wide 

range of promising metabolites with antimicrobial, antitumor, anti-inflammatory activities, 

among others, which can be valuable for drug discovery and development.  

This work aimed to isolate and identify sponge-associated Actinobacteria from unexplored 

regions, such as Mozambique and Portugal, for the bioprospection of novel natural bioactive 

compounds. 

Nine marine sponges collected in Maputo, Mozambique (n=6) and off-coast Ovar, Portugal 

(n=3) were used. A workflow for the selective isolation of Actinobacteria from these sponges 

was applied, consisting in the use of five different culture media (M2, SCN, NPS, EEA and 

ISP2) and two plating techniques (direct plating and dilution to extinction). A sample of each 

sponge was homogenized and, in most cases, pretreated for 20 min at 60 °C. After dilution, 

samples were either directly plated on different selective agar media or inoculated in 96-well 

plates containing selective liquid media, and were incubated at room temperature for up to six 

months. Each morphotype that grew was purified and its biomass cryopreserved. To perform 

phylogenetic identification, DNA was extracted from each isolate and the 16S rRNA region was 

sequenced. 

The marine sponges from Mozambique were identified as belonging to the species Haliclona 

sp. (n=2), Psammocinia sp. (n=3) and Callyspongia perforata (n=1), whereas those from 

Portugal were identified as Cliona cf. celata (n=1), Axinella sp. (n=1) and Desmacidon 

fruticosum (n=1). In total, over 160 bacterial strains were recovered from these marine 

sponges. Among the isolated bacteria, several genera of Actinobacteria were identified, among 

which are Koccuria, Brachybacterium, Micrococcus, Streptomyces and Dietzia. Isolation and 

phylogenetic identification of the remaining isolates is undergoing. 
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In conclusion, a high number of diverse sponge-associated Actinobacteria has been isolated. 

These microorganisms will later be studied in order to explore their bioactive potential. 
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The main mission of Biotropical Resources (BIOTROP) is to provide high quality biological 

material to support research on infectious diseases, following good laboratory practices and 

standard operating procedures (SOP), in strict compliance with ethical and legal frameworks.  

Biobanking human microbiome is a valuable resource to investigate the role of microbiota in 

human health. Preservation of complex microorganism communities is challenging and 

requires the support of specialized infrastructures, since preservation techniques remain an 

unsolved challenge, especially when samples are collected in low-resource countries. 

Few studies on human microbiome have been done in Africa and barely none in African 

children. To fill this gap, a collaborative project was designed in 2018 with Bandim Health 

Project (Pilot Study Ref Micro-OPV, Guinea-Bissau) in partnership with BIOTROP, following 

the Human Microbiome best practices and Good Clinical Practice guidelines. BIOTROP 

developed SOPs for collection, preservation, transportation, DNA extraction and sample 

biobank integration together with researchers from Micro-OPV project. The Micro-OPV project 

was approved by the National Health Research Ethics Committee of Guinea-Bissau (Ref 

038/CNES/INASA/2018). 

After explaining the study objectives and obtaining the informed consent, researchers collected 

epidemiological data, and nasopharyngeal and rectal swabs from participating infants. 

Samples were immediately preserved in DNA/RNA ShieldTM (ZymoResearch), maintained at 

4ºC/24 hours and -20 °C until biobank storage at −80 °C. DNA was extracted using DNA Kit 

ZymoBIOMICS™ (ZymoResearch) with a bead beating step optimized through a bacterial 

mock community. DNA quantification and purity indicators were analyzed on a Nanodrop 

spectrophotometer (ThermoFisher). 

A total of 215 nasopharyngeal and 215 rectal swabs, the respective bacterial DNA, and 

associated data, were systematically deposited in the BIOTROP, under access restriction level 

defined by researchers.  
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Average of DNA yields and A260/280 ratio of 30.3 ng/uL and 1.88 from nasopharyngeal 

samples, and 61.4 ng/uL and 1.92 from faecal samples were obtained, respectively. Despite 

the harsh field conditions, excellent microbiome quality indicators were achieved.  

As a result of this collaboration, well characterized African pediatric upper respiratory and gut 

microbiome collections were integrated in BIOTROP. Together with associated clinical and 

epidemiological data, these collections constitute a valuable resource to support future 

research projects. 
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Today, the importance of microorganisms in new biologically based solutions and in the 

development of technologies to solve environmental problems is recognized, effectively 

contributing to the UN Sustainable Development Goals. Recently, FAO (2019) highlighted 

those solutions using microorganisms play an important role in food production and agriculture, 

and in particular, are of critical relevance in maintaining soil quality. Therefore, knowledge on 

the diversity of microorganisms and their functionalities is increasingly relevant, as well as the 

preservation of this diversity. To ensure the conservation of biological diversity and genetic 

resources, the University of Coimbra Bacteria Culture Collection – UCCCB – was created. 

Objective UCCCB main objective is the acquisition, characterization, and preservation of the 

biological collections that make it up and, at the same time, the supply of cultures and pure 

biological materials for various applications, under current legislation and regulations. 

UCCCB is located in a region with below-average statistics on spending on R&D, infrastructure 

and personnel, and with a low number of high-tech companies. Through high-level services, 

UCCCB positions itself as a center of attraction and development of partnerships between 

academia, research and companies. The main socio-economic contributions of the bacterial 

collection to the region are related to the value transferred to users through the provision of 

services, but also by the contribution to new startups and spin-offs that can be created as a 

result of the existence of these services. Income from the production of intellectual property 

rights, commercialization of new products and instruments, organization of scientific events 

and the economic value of scientific research results (e.g. scientific articles) are also benefits. 

Additional important social benefits such as promoting R&D should also be considered. 

Significance. By enabling local support and promoting innovation, UCCCB plays a vital role in 

the conservation and sustainable use of microbial resources at Centro, Portugal, and also 

provide authentic biological material for high-quality research and industry. 
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445. Faunomonas pinastri gen. nov., sp. nov., an endophyte from a pine tree of the 

class Alphaproteobacteria 

 

Diogo Neves Proença1,2, William B. Whitman3, Nicole Shapiro4, Tanja Woyke4, Nikos C. 

Kyrpides4, and Paula Vasconcelos Morais1,2 

1University of Coimbra, Centre for Mechanical Engineering, Materials and Processes, Department of Life 

Sciences, Coimbra, Portugal; 2University of Coimbra, University of Coimbra Bacterial Culture Collection, 

Coimbra, Portugal; 3University of Georgia, Department of Microbiology, Athens, GA, USA; 4DOE Joint 

Genome Institute, Walnut Creek, CA, USA 

 

Background: Bacterial strain A52C2T was isolated from the endophytic microbiome of pine 

trees, from a sample collected at the trunk of a diseased Pinus pinaster tree and characterized.  

Objectives: This study aims to characterize strain A52C2T in a polyphasic approach and 

describe a new genus and new species.  

Results: Strain A52C2T stained Gram-negative and formed rod-shaped cells that grew 

optimally at 30 °C and at pH 6.0. The G + C content of the DNA was 65.7 mol%. The respiratory 

quinone was ubiquinone 10 (UK-10), and the major fatty acids were Sum in Feature 8 and 

C18:0 and cyclo-C19:0 ω8c, representing 84% of the total fatty acids. Phylogenetic analyses 

based on the 16S rRNA gene sequences placed strain A52C2T within the order 

Hyphomicrobiales in a distinct lineage. The 16S rRNA gene sequence similarities of A52C2T 

to that of Mongoliimonas terrestris, Oharaeibacter diazotrophicus and Chthonobacter 

albigriseus were 93.08%, 93.06% and 92.55%, respectively. The draft genome sequence of 

strain A52C2T comprises 4,196,045 bases with a mapped coverage of 195-fold of the genome. 

The assembled genome consists of 43 large contigs with more than 500 bp (N50 contig size 

was approximately 209,720 bp). The genome encodes 4,006 putative coding sequences 

(CDSs).  

Conclusions: The phylogenetic, phenotypic and chemotaxonomic data showed that strain 

A52C2T (=UCCCB130T) represents the type of a novel species and genus, for which we 

propose the name Faunomonas pinastri gen. nov., sp. nov.  

Significance: This work contributes to a better knowledge of biodiversity and increases the 

bacterial resources for the national and international scientific community, as well as for 

industry. 
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32. Lactic acid bacteria from Azeitão and Nisa PDO-cheeses: evaluation of 

technological and probiotic potential 

 

Erica Carlos, António Salvador Barreto and Teresa Semedo-Lemsaddek 

CIISA—Centro de Investigação Interdisciplinar em Sanidade Animal, Faculdade de Medicina Veterinária, 

Universidade de Lisboa, Avenida da Universidade Técnica, 1300-477 Lisboa, Portugal. 

 

In Portugal, the production of traditional cheeses is an important part of the cultural heritage. 

The richness and peculiarity of these products comes from the native microbiota present, 

mostly lactic acid bacteria -LAB-, as well as from artisanal manufacturing practices. Therefore, 

the main objective of the present work was to evaluate the technological and/or probiotic 

potential of LAB isolated from PDO cheeses. 

Samples collected from Azeitão and Nisa were submitted to microbial isolation, followed by the 

selection of genomically distinct bacteria. Subsequently, the 203 isolates were tested for 

antimicrobial activity against Listeria monocytogenes. Those presenting larger inhibitory halos 

were subjected to an exhaustive array of tests to assess their technological and/or probiotic 

potential: assessment of lipase and protease production, milk acidification capacity, resistance 

to bile, evaluation of growth at different temperatures, pH values and saline concentrations, 

tolerance to gastrointestinal environments (in vitro simulation of stomach and intestine), 

capacity for auto and co-aggregation. The most promising isolates were further evaluated 

regarding pathogenicity potential, ie, hemolytic activity and antibiotic resistance. Eight isolates 

revealed relevant features, including ability to multiply under the conditions tested, production 

of several enzymes, bacteriocinogenic potential and absence of virulence traits. 

Overall, results gathered in this study highlight the richness of Portuguese artisanal cheeses 

on bacteria with technological and probiotic potential. 
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33. Enterococcus spp. from Azeitão and Nisa PDO-cheeses: surveillance for 

antimicrobial drug resistance 
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Universidade de Lisboa, Avenida da Universidade Técnica, 1300-477 Lisboa, Portugal. 

 

 

Enterococci were isolated from Azeitão and Nisa PDO-cheese at six cheesemaking units 

(Azeitão: A1, A2, A3, A4; and Nisa: N9, N10), over four years of production (2016—2019). 

Genomic typing was performed using RAPD, genomically distinct enterococci (n=145) were 

identified at species level by multiplex-PCR and evaluated regarding antimicrobial drug 

resistance (AMR).  

Antibiotics from nine distinct classes (aminoglycosides, macrolides, oxazolidinones, 

chloramphenicol, streptogramins, tetracyclines, glycopeptides, β-lactams and quinolones) 

were selected for AMR surveillance and breakpoint criteria defined by EUCAST and CLSI, 

were considered and compared. Regarding species allocation, seventy-eight enterococci were 

identified as E. faecium, 37 confirmed as E. faecalis and 30 as E. durans. Concerning antibiotic 

susceptibility, high levels of resistance to quinupristin-dalfopristin, tetracycline and teicoplanin 

were observed. Some resistances to clinically relevant antimicrobials were also detected, 

including to β-lactams, aminoglycosides, and glycopeptides. Two isolates were considered 

multidrug resistant, one according to EUCAST and another to CLSI breakpoints. Overall, 

considering the absence of reports regarding enterococcal-related toxinfections resulting from 

the consumption of PDO-cheeses, traditional foods harboring these bacteria should be 

considered safe. However, the possibility of horizontal gene transfer events, associated with 

antibiotic resistance determinants, further highlights the importance of AMR surveillance along 

the food chain.  
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50. Inactivation of Listeria Monocitogenes in Milk by Pulsed Electric Field (PEF) and 

Mild Heating 
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LAQV/FFUP, Porto, Portugal 

 

 

Pulsed electric field (PEF) is a nonthermal processing technology that consists of exposing 

food to pulses of high-voltage electric fields during a short period of time. PEF has been 

explored as an alternative processing technology to inactivate microorganisms and enzymes 

without adversely affecting the color, flavor, and nutritional value. Moreover, this technology 

minimizes the impact on enzymes of technological and safety relevance, proteins, milk fat 

globules and nutrients (particularly vitamins) causing fewer changes in the original food´s 

composition.  

This study was conducted in milk and using a common pathogenic found in dairy products, 

Listeria monocytogenes, aiming to assess the use of PEF as a pre-treatment of milk to reduce 

the temperature and time of its pasteurization, reducing therefore any potential nutritional 

losses as well as minimal organoleptic quality deployment.  

UHT milk (1.5% milk fat) was spiked with a culture of L. monocytogenes ATCC 13932 to get 

an initial microbial level of approximately 8 log10/mL.  The milk was then subjected to 

pasteurization before and after PEF treatment and the number of viable cells counted after 

inoculation on TSA and incubation at 37ºC for 48h.  

For PEF, a continuous treatment chamber with a collinear structure and an internal diameter 

and distance of 1.0 cm between electrodes was used. PEF parameters were selected based 

in previous studies: electric field strength-10 KV/cm, pulse width-50 µs, frequency- 3 Hz and a 

flow rate of 2.92 L/h. Samples were pasteurized in a FT74XTA HTST/UHT system-Armfield 

using 62, 64, 68, 70 and 72ºC and a 2 s holder.  

PEF treatment by itself is responsible for a reduction of 1,81 log10/mL, but inoculation of cells 

on a culture medium with 5% NaCl shows that a larger proportion of the cells are fragilized by 

the PEF treatment as a reduction of 3,31 log10/mL was obtained. That was also confirmed by 

data obtained from the viable cell count of milk heat treated before and after being subjected 

to PEF pre-treatment.  

At each of the temperatures used to heat-treat the milk we have obtained more than 2,5 times 
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more reduction in the L. monocytogenes population when the milk was PEF pre-treated. In 

fact, without PEF pre-treatment we have obtained D72=1,26 s and after PEF pre-treatment the 

D64=1,1 s. 

Results indicate that the combined approach of PEF with mild heating to process milk is a very 

promising technology for inactivation of pathogens, allowing to reduce the 

temperature/duration of the pasteurization process to obtain an equivalent reduction of the 

microbial load, with the potential advantage of keeping some relevant nutritional and sensorial 

properties of the milk.  
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100. Phage Therapy for the Inactivation of Aeromonas hydrophila in Cockles During 

Depuration: In Vitro and In Vivo Preliminary Studies. 

 

João Duarte; Carla Pereira; Pedro Costa; Márcia Braz and  

Adelaide Almeida 

 Department of Biology and CESAM, University of Aveiro,  

3810-193 Aveiro, Portugal. 

 

As bivalve molluscs are filter feeder, often consumed raw or lightly cooked and are frequently 

cultivated in contaminated waters, they are implicated in food-borne disease transmission to 

human. The recurrent emergence of infections outbreaks associated with shellfish 

consumption is of extreme importance for public health. Although bacterial elimination mostly 

depends on the depuration of bivalves, this process is not sufficiently efficient to eliminate some 

microorganisms present in their tissues. Bacteriophage (or phage) therapy represents a 

promising, tailor-made approach to control human pathogens in bivalves, but its success 

depends on a deep understanding the kinetics resulting from the interaction between bacteria, 

phages and bivalves. The present study investigated the potential application of phages AH-1, 

AH-4, and AH-5 to inactivate Aeromonas hydrophila, a causative agent of infections in humans 

associated with bivalve shellfish consumption. The inactivation of A. hydrophila was assessed 

in vitro, using a liquid culture medium, and in vivo, using cockles artificially contaminated with 

A. hydrophila. In the in vitro experiments, all phages were effective against A. hydrophila, but 

phage AH-1 (with a maximum reduction of 7.7 log colonies forming units CFU/mL) was more 

effective than phages AH-4 and AH-5 (with reductions of 4.9 and 4.5 log CFU/mL, respectively). 

The cocktails AH-1/AH-4, AH-1/AH-5, AH-4/AH-5, and AH-1/AH-4/AH-5 were slightly more 

effective than the single phage suspensions. The three phages presented a low emergence 

rate of phage-resistant mutants. When artificially contaminated cockles were treated in static 

seawater with phage AH-1, around 44% of the added A. hydrophila (1.0 log CFU/g) was 

inactivated. The results of this study suggest that phage therapy can be an effective alternative 

to control human pathogenic bacteria during depuration. 
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108. Shelf-life extension of squid and shrimp skewers through the application of 

vinegar solutions 
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Seafood is highly nutritious and indispensable to a healthy diet. Growing interests in healthy 

lifestyles result in increasing demand for innovation of seafood products leading to more 

accessible and convenient products. 

This work was developed under the scope of the ValorMar project (https://valormar.pt) and 

focused on using natural compounds-based treatments to inhibit bacterial proliferation and 

spoilage, of squid and shrimp skewers, throughout five days of product storage under 

refrigeration conditions. A vinegar solution (50% v/v) was tested, applied through both 

immersion and pulverization (Figure 1). The effects on bacterial growth were analyzed in 

comparison with untreated samples or treated with water, from the same batch, immediately 

after reception (day zero) and after two and five days of refrigerated storage. Enumeration of 

Total Viable Counts, Enterobacteriaceae, Pseudomonas spp. and lactic acid bacteria was 

performed at appropriate incubation conditions (according to each ISO standard), but also at 

11 ºC (since it is a refrigerated product). 

Bacterial inhibition was observed after treatment with vinegar for both immersion and 

pulverization techniques throughout the storage time, but significant differences (P ≤ 0.01) 

were only detected for immersed samples after two days of storage. With the exception of lactic 

acid bacteria, this behaviour was observed for all the microbiological parameters at both 

temperatures tested. 

Although more experimental tests are required, this preliminary study demonstrated that 

vinegar solutions could be regarded as an all-natural approach to prevent bacterial growth in 

such perishable squid and shrimp skewers.  

 

Keywords: Antimicrobial activity, Natural compounds, Preservation, Vinegar. 
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Figure 1 – Vinegar solution at 50% (v/v) aplied to the squid and shrimp skewers through immersion (A) and pulverization 

(B). 
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154. Cellulose from sugarcane bagasse as a potential prebiotic agent 
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Organic farming practices have been slowly replacing intensive agriculture with the use of plant 

growth promoting bacteria as key factor, as these bacteria interact effectively with plants and 

increase crop yields. However, despite the potential of bioinoculants, its usage in agriculture is 

still limited as their efficacy also depends upon other abiotic factors such as the soil type and 

its nutrients. A novel approach to bypass this limitation is the introduction of prebiotic agents 

to increase the richness of the soil and thus promote bacterial growth (Arif et., al 2020). Among 

the possible alternatives for soil supplementation, cellulose constitutes one of the best choices, 

as it is a renewable carbon source, widely abundant in nature and for which a great number of 

microorganisms produce enzymes. The aim of this work is to evaluate the prebiotic potential 

of cellulose, extracted from sugarcane bagasse, as prebiotic agent. To that end, cellulose was 

firstly extracted from sugarcane bagasse through an optimized procedure comprising an 

alkaline extraction with sodium hydroxide followed by a bleaching process with hydrogen 

peroxide. The capacity to promote the growth (prebiotic effect) of three soil representative 

microorganisms and nitrogen fixators i.e., Rhodococcus sp. EC35, Pseudomonas 

azotoformans and Chryseobacterium humi was evaluated for two cellulose extracts (i.e., raw 

cellulose and cellulose pulp) obtained from sugarcane bagasse. The results showed that the 

extraction process yielded ca. 63% and 42% for raw cellulose and cellulose pulp, respectively, 

being both extracts effective as prebiotic agents for the target microorganisms. Growth rates 

of 38 and 68% for Rhodococcus sp., and of 67 and 84% for C. humi was found for cellulose 

pulp and raw cellulose, respectively. On the other hand, for P. azotoformans, raw cellulose had 

no impact upon the growth rate, while cellulose pulp lead to a small decrease (ca. 7%). When 

comparing this data with the obtained for a standard cellulose from Sigma, it was possible to 

observe that the commercial cellulose was, in general, less effective as an environmental 

prebiotic as it only exhibited significant effects in the growth of C. humi. These results showed 

the potential of sugarcane bagasse as source of a natural bioinocula with prebiotic effect, thus 

potentiating the valorization of an industrial byproduct with low commercial value into a product 

with biological effect on soils supplementation.  
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The WHO estimates that food contaminated with microorganisms is responsible for the loss of 

33 million healthy life years. Disinfection has been described as the most important processing 

step to guarantee the quality, safety, and shelf-life of fresh products. Light emitting diodes 

(LEDs) appear to be a promising disinfection alternative compared to mercury lamps due to 

their higher sustainability, longer lifetimes, lower costs, energy consumption and maintenance, 

compact size, and wavelength diversity. This study aims to explore the use of UV LEDs as an 

alternative disinfection method to inactivate bacteria associated with read-to-eat salads. 

Washing water collected by a food industry company was tested unspiked and spiked with a 

cocktail of Salmonella, Listeria monocytogenes and Escherichia coli before and after exposure 

to LEDs that emit at 255 and 265 nm. The results obtained show that a four log count reduction 

was achieved with an UV fluence of 2 mJ/cm2. Unspiked lettuce and arugula leaves were also 

exposed to the same LED system and a two log count reduction was achieved after a small 

exposure time. The results show that this disinfection system is a promising approach that 

could be applied to different food matrices to achieve effective inactivation.  
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166. Microbial and sensory evaluation of hyperbaric storage at room temperature of a 

commercial ready-to-eat fish soup 
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Introduction: Hyperbaric Storage/HS has been studied mainly at room temperature (RT) in 

preservation of several foods including fruit juices, ready-to-eat meals, raw meat and fish, 

among others. HS/RT up to 100 MPa, started to be an alternative/complement to conventional 

refrigeration/RF with longer shelf-lives, being additionally considered a green methodology, 

since as temperature does not need to be controlled and energy is only necessary to 

compression phase, the energetic costs are minimal and the carbon footprint 26 times lower 

than RF1. 

Objectives: In this work, a commercial ready-to-eat/RTE fish soup was stored under 

pressure/25-100 MPa at uncontrolled RT/≈20 ºC and compared with two controls at 

atmospheric pressure and room temperature/AP/RT≈20 ºC and RF/4 ºC over 63 days. The 

main goal was the evaluation of HS/RT effectiveness on microbial safety (enterobacteriaceae, 

total aerobic mesophiles, pseudomonas spp. and yeast and moulds) and pH. Furthermore, a 

sensory test was conducted in cold/hot soup concerning attributes such as colour, aroma, 

consistency/viscosity, visual appearance and overall acceptability, comparing three samples: 

fresh soup, HS at 75 MPa and RF soup with 14 days of storage. 

Results: At 75 MPa, the fish soup shelf-life (at least 63 days) was at minimum 3 times higher 

than with RF (21 days), reducing the microbial loads to below the detection level (<1 log 

CFU/g) for all microorganisms tested. Furthermore, the pH decreased after the 21st day of RF 

due to the microbial growth while at 75 MPa the pH kept stable during all storage. Additionally, 

a preliminary sensory test revealed that fresh soup was the most preferred, as expected, 

although, HS and RF soup samples presented equivalent attributes. To further evaluate the 

efficiency of HS/RT on microbial control, and to simulate a worst case scenario, the soup was 

inoculated with spoiled soup and the results showed that HS/RT at higher pressures (75/100 

MPa) was capable not only to inhibit microbial development but also to inactivate 

microorganisms to below the detection limit for all microorganisms analysed (≈3 log units on 

enterobacteriaceae, pseudomonas spp. and yeast and moulds and ≈5 log units in total aerobic 

mesophiles). 
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Conclusion/Impact of work: Summarily, HS/RT preservation is able to guarantee the soup 

microbial safety with a great energy savings and a lower carbon footprint than with RF, with 

much longer shelf-life, with minimal or no quality differences compared to RF. 

1. A. Bermejo-Prada, A. Colmant, L. Otero, B. Guignon. Journal of Food Engineering 193 (2017) 76-85. 
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subsequent liquid whole egg improved thermal pasteurization 
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Introduction: Eggs are a highly perishable product, being often associated with salmonellosis. 

To avoid this, thermal pasteurization (TP) is usually applied, but this treatment causes changes 

in egg functional properties. As an alternative, the hurdle approach has gained great interest, 

for instance, the combination of high pressure (HP) and ultrasound (US) to cause sub-lethal 

damages in microorganisms, thus decreasing their thermal resistance, allowing a subsequent 

less intense TP.  

Objectives: This study aimed to evaluate the performance of HP (50 – 160 MPa/ 5 min) and 

US (50% amplitude/1 – 3 min) pre-treatments followed by a less intense TP (60 °C/ 1.75 min) 

on liquid whole egg (LWE), compared to commercial TP to assess the effect on inactivation of 

Salmonella senftenberg 775W and on egg properties.  

Results: The results showed that, generally, the increment of pressure led to an increase of S. 

senftenberg inactivation, while the increase in US treatment time  did not show a significant 

effect. When the combinations of HP followed by US and US followed by HP were followed by 

a TP (HP-US-TP and US-HP-TP), the HP-US-TP treatments reached the most promising 

results. For this combination, setting the pressure and increasing the US treatment time, a 

maximum inactivation of 4.60 log10 cycles was found, for the shortest US treatment time. On 

the other hand, increasing pressure and fixing the US treatment improved S. senftenberg 

inactivation up to 5.10 log10 cycles, achieving a similar reduction to commercial TP (5.25 log 

CFU/mL). The treatments caused pH changes that ranged between 7.77 and 7.88 and 

changes in the instrumental total colour that were undetectable by the naked eye (∆E*<3). The 

HP-US-TP treatment improved soluble protein content (4%) and reduced viscosity (30%) of 

raw LWE, while TP caused an opposite effect on these properties. Emulsifying properties of 

raw LWE decreased (53–63%), whereas lipid oxidation was not significantly affected by the 

applied treatments, except in the case of HP-only treatments. Furthermore, commercial TP-

treated LWE had a higher emulsifying activity index, and lower oxidation levels compared to 

the HP-US-TP-treated LWE. 
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Conclusion/Impact of work: These results open the possibility to use sequentially combined 

treatments to enable a less intense TP compared to commercial TP to obtain the same 

inactivation level of S. senftenberg, with overall better pasteurized LWE properties. 
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173. Byssochlamys nivea ascospore germination control by hyperbaric storage – 

dependence of the activation procedure 
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Introduction: Food storage under pressure (hyperbaric storage, HS) is being widely studied 

as a replacement/complement of the conventional refrigeration processes, considering the 

energetic savings attained by HS (as energy is only mobilized during the short 

compression/decompression phases of the pressure vessel) and no additional energy is 

needed to keep the product under pressure. This methodology makes use of hydrostatic 

pressures (up to 150 MPa) to hurdle microbial development and inhibit several deteriorative 

reactions in foods and can be performed at room temperatures (RT). Considering that 

pasteurized acidic foods are to be kept under refrigeration, due to the possible presence of 

spores as fungi spores, such as those from Byssochlamys nivea, that are quite resistant to 

thermal and nonthermal pasteurization procedures (such as high pressure processing, HPP), 

and can produce mycotoxins, such as patulin, novel milder food impact methodologies to 

destroy spores are of upmost interest. 

Objectives: The present work aimed to evaluate the effectiveness of HS/RT to control the 

germination of B. nivea ascospores in commercial apple juice (pH 3.70) and the impact of 

pre-ascospore activation procedures by thermal (70 and 80 ºC for 30 sec.) and HPP (600 

MPa, 3 min, RT). To do so, samples were processed in the aforementioned conditions and 

placed under HS conditions (25-150 MPa) for 30 days at uncontrolled RT (20-25 ºC), and also 

at atmospheric pressure at RT and under refrigeration. Unprocessed samples were also 

placed at the same aforesaid conditions. The microbiological analyses were made in potato 

dextrose agar, and an aliquot of each sample was thermally treated at 70 ºC/10 minutes to 

inactivate vegetative forms. 

Results: The results showed that there was a clear dependence on the activation methodology 

on the ability of HS to control the germination of B. nivea ascospores. Unprocessed samples 

and samples processed at 70 ºC for 30 sec. evolved quite similarly under HS conditions, 

wherein neither ascospore germination nor inactivation was observed. A different scenario 

was observed for samples processed at 80 ºC for 30 sec and 600 MPa/3 min, wherein not 

only ascospore inhibition was observed (25-50 MPa) but also ascospore inactivation (75-150 

MPa) of more than 3 log units of for both cases (initial load of 5.17 log CFU/mL). Differently, 
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conventional refrigeration only inhibited ascospore development, being a possible threat for 

food safety due to possible germination after the 30 days of the study and mycotoxins 

production.  

Conclusion/Impact of work: A fully nonthermal process, HS with a previous 600 MPa/3 min 

HPP treatment for germination activation, resulted in at least 3 log units inactivation of B. 

nivea ascospores along storage, while this ascospore cannot be inactivated by thermal 

pasteurization or HPP, resulting in enhanced food safety, with the added advantage of being 

performed at uncontrolled RT, thus allowing considerable energetic savings. 
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Members of the Boraginaceae family of plants have found their way, intentionally or not, into 

food and feed commodities. Despite an existing consumption history of some Boraginaceae 

species, many produce considerable amounts of secondary metabolites that include 

pyrrolizidine alkaloids. This group of alkaloids are infamous as toxic compounds which can 

alkylate DNA and thus cause mutations and even cancer in herbivores and humans. Their 

ability to covalently bind to DNA can also affect nucleic acid availability as a template in 

molecular detection methodologies, such as DNA barcoding, applied to food and feed quality, 

safety, integrity, and authenticity. 

In this work different DNA extraction methods were compared to test the quality and 

amplifiability of DNA obtained from Boraginaceae testing samples. For that, samples belonging 

to 3 different genera were first differentially processed (direct preservation in liquid nitrogen; 

freeze-drying; oven-drying). DNA was recovered using a conventional extraction method 

(CTAB + chloroform extraction) and a faster and more convenient kit format (CTAB + silica 

membrane).  

An additional physical and chemical in-house pre-treatment (temperature + reagents known 

for their antioxidant, reducing, and complexing actions) was also used in the attempt to reduce 

the interaction of interferent molecules with the extracted DNA. The quality of the obtained 

DNA was assessed spectrophotometrically (NanoDrop), fluorometrically (Qubit), and by PCR 

amplification of the nuclear and plastidial DNA barcode markers ITS2 and rbcL, respectively. 

The results show that without any pre-treatment, and independently of the DNA extraction 

method used, the correct amplicon was detected in only 6% (2/36) of conditions tested, while 

there was no PCR amplification product with the expected size in the remaining 94% (34/36) 

cases. With an additional pre-treatment before performing any of the DNA extraction methods, 

the correct amplicon was detected in 81% (29/36) of conditions, while in the remaining 19% 

(7/36) no amplicon of the expected size was detected, which corresponds mainly to oven-dried 

samples. When applied to non-Boraginaceae plant samples, the addition of a pre-treatment 
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was only unable to solve the issues detected in some of the oven-dried samples, as also seen 

for the Boraginaceae samples. 

For samples that were not heat processed, the addition of a pre-treatment before the DNA 

extraction step can increase the chances of getting high quality amplifiable DNA. This could 

avoid false negative results in molecular methods to detect Boraginaceae family species which 

is invaluable to ensure the safety, integrity, authenticity, and quality of food and feed 

commodities. 
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The production of high-quality and safe food products is among the most important concerns 

in food industry. Along with the foodborne pathogens seen as serious hazards, Listeria 

monocytogenes is associated with listeriosis, a severe invasive foodborne disease, which is 

associated with high rates of hospitalization and mortality. Thymus zygis is a widespread 

endemic plant in the Iberian Peninsula and have been used as spice and in folk medicine. 

Taking the potential of essential oils associated with their bioactivities, in this study we aimed 

to evaluate the antimicrobial activity of T. zygis essential oil against L. monocytogenes and to 

assess its potential for food preservation and vegetable decontamination. 

Antibacterial activity was observed against L. monocytogenes strains with minimum inhibitory 

concentration (MIC) of 0.5 µL/mL, with the essential oil showing a bactericidal effect. Further, 

the T. zygis essential oil reduced the virulence of this bacterium by inhibiting the formation of 

biofilms and the motility. Considering the potential increase in tolerance or development of 

cross-resistance by pre-exposition to sub-inhibitory concentrations of antimicrobial 

compounds, this was evaluated for T. zygis essential oil.  In this work, we observed that the 

tolerance of L. monocytogenes augmented to osmotic stress, while when subjected to other 

stressors such as desiccation, acidic pH and high temperatures, no significant effect was 

observed. Also, this pre-exposition to T. zygis essential oil did not induced cross-resistance to 

antibiotics of different classes. Taking in account a possible application for food safety and 

preservation, the concentration of 2x MIC provided the inhibition of L. monocytogenes in a 

lettuce model after two days of storage and a significant reduction in chicken juice after four 

days in same conditions. When considering the use of T. zygis essential oil for spinach and 

lettuce decontamination, it was observed a significant reduction of L. monocytogenes in 

spinach leaves and total inhibition in lettuce leaves by immersion in a solution with 0.2 % of 

essential oil for 5 minutes. In addition, the application of 0.2 % of T. zygis essential oil was also 

effective in the reduction of the natural microbiota present in these leafy vegetables when 

immersed in an essential oil solution.  

In sum, these results indicated that T. zygis essential oil have good antibacterial activity against 

L. monocytogenes strains and support the potential use of T. zygis essential oil as a natural 
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alternative to synthetic preservatives and food sanitizing solutions to ensure the microbiological 

safety of fresh leafy vegetables. 
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Plant-derived essential oils (EOs) have attracted the interest of the scientific community in 

recent years regarding their safety, as natural ingredients, as well as their application in food 

products. Essential oils have shown remarkable antimicrobial potential against spoilage and 

pathogenic microorganisms. However, different antimicrobial activities of similar EOs may be 

observed when different methods are used. This study aims to demonstrate and evaluate the 

influence of polysorbate 80 (PS80) on the antimicrobial activity and minimum inhibitory 

concentrations (MICs) of oregano and thyme EOs against 40 microorganisms. The 

antimicrobial activity was determined by the disk diffusion assay (DDA) and MIC by broth 

microdilution in 96-wells microtiter plates. Oregano and thyme EOs showed antimicrobial 

activity against all the microorganisms tested by the disk diffusion assay, with and without 

PS80, although some differences were observed. Furthermore, MICs were different for all 

microorganisms in the presence or absence of polysorbate. The PS80 was used to facilitate 

the homogenization of EOs, but this may turn the antimicrobial compounds in EOs less 

available, with no direct contact with the target organisms limiting the microbial reduction 

capacity. This study reinforces the need for using defined standard methods for the in vitro 

determination of MICs. 
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Water management is a worldwide concern, as societies need to adapt to climatic changes. 

With an increase of droughts and floods frequency, EU released in 2009 a white paper on 

climate change adaptation, proposing a framework containing policies to reduce its impacts. In 

2012, an impact assessment for the safeguard of European water resources identified land-

use and management, together with water use, as the main drivers for water scarcity. Land 

managements that involve a minimum of soil disturbance, such as no-till farming (NT), greatly 

reduce erosion and loss of water content through evaporation, while protecting soil biodiversity. 

Protection of soil microbial biodiversity is fundamental to guarantee the provision of ecosystem 

services, such as nutrient cycling (N, P) and carbon retention. On the other hand, crop-livestock 

integration (CLI) management seeks higher sustainability while promoting soil fertility and 

erosion control. Recently, this practice started to decline due to difficulties in creating spatial 

and temporal synergies and complementarities between farmers.  

Objective: The study aimed to demonstrate the resistance and resilience of microbial 

populations in a context of water scarcity or abundance using soils from NT and CLI 

managements from Brazil. Soils were subjected to 2 months under 3 distinct rainfall regimes 

(resistance phase), followed by 3 months with similar conditions (resilience phase). PLFA were 

extracted at the end of each phase and profiles were compared and correlated to physico-

chemical parameters.  

 

Results: On NT, during the resistance phase, high rainfall regime was associated to a 

significant increase of Arbuscular Mycorrhizae Fungi biomarkers and a decrease of Gram-

positive biomarkers. These changes were correlated to a pH increase and P content decrease. 

Modifications on CLI soils mostly occurred under low rainfall regime, showing a significant 
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decrease of Saprophytic Fungi biomarkers. The resilience phase brought back a higher 

homogeneity of PLFA profiles (more visible on CLI soils; Fig.1), although soils previously 

treated with a high rainfall regime presented a higher content of Saprophytic Fungi biomarkers. 

 

Conclusion/Significance: This work demonstrated a good resilience of the microbial community 

of both PN and CLI soils treated with different rainfall regimes, with PN soil community more 

resistant to drought, demonstrating that this management could decrease the impacts of water 

scarcity.  
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The bacterial pathogen Listeria monocytogenes (Lm) is the etiological agent of listeriosis, a 

severe, albeit sporadic, foodborne illness associated with a high case-fatality rate. The 

conventional procedures for the detection of Lm in food matrices, although reliable and 

accurate, are laborious and time-consuming. The development of Lm magnetic isolation 

protocols can be used to greatly increase selectivity and detection sensitivity. In this 

perspective, (bacterio)phages emerged as promising bio-receptors owing to the high 

specificity, stability and cost-efficiency.   

The purpose of the present work was to optimize the performance of polyethyleneimine surface 

modified magnetic particles (P100-MP) biofunctionalized with phage P100 towards Lm 

capturing. An in-depth investigation of the main parameters governing the bacterial capture 

efficiency (CE) was performed through the evaluation of the MPs amount (32-240 μg), 

temperature (4-37 °C), incubation time (15-60 min), pH (6-9) and cations (Ca2+, Mg2+). The 

phagomagnetic separation protocol efficiency was determined using distinct bacterial loads 

(102–106 CFU mL-1), while its selectivity was assessed against a panel of Gram-positive and -

negative bacteria.  

Concerning the P100-MP amount, a concomitant improvement in the Listeria CE was observed 

with the increase of the quantity of the particles up to 160 μg. The optimum incubation time 

was established to be 30 min, owing to the occurrence of the lytic event henceforth. The 

incubation temperature, along with the pH, was unveiled to be a pivotal factor concerning the 

Listeria capture and the highest efficiency occurred at 4 ºC (58%) and pH 6 (68%). The divalent 

cations inclusion significantly (p < 0.05) enhanced the Lm-phage P100 interaction.The P100-

MP was found to be highly sensitive, presenting a separation limit below 102 CFU mL-1, with a 

significant increase (p < 0.05) in CE up to 105 CFU mL-1. Regarding the selectivity, the method 

achieved the highest CE for Lm serotype 4b (2-fold higher than serotypes 1/2a, 1/2b, 1/2c), 
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whilst for non-target bacteria, the CE was residual (7- to 12-fold lower than Lm). The P100-MP 

applicability was validated in whole milk and cantaloupe. 

Herein, the feasibility of employing P100-MPs towards the rapid and selective isolation of Lm 

in food matrices was demonstrated. The study underlined that the bacterial capture efficacy 

was not only reliant on the correct phage immobilization (tail-up/head-down), since critical 

parameters also dictated the Listeria-P100 interaction.        
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Human population growth has led to increased use of chemical substances, resulting in an 

increasing threat from contaminants. About 300 million tons of synthetic compounds are used 

annually in industrial and consumer products, and many reach the aquatic environment and 

are frequently detected in consumer foods, posing varying environmental and health risks. 

Indeed, there is little information on the mode of action of many contaminants, as well as their 

potential off-target effects. One example is cymoxanil, a systemic fungicide of the amide family 

widely used to control downy mildew in vineyards. It has been reported that cymoxanil inhibits 

growth, biomass production and respiration of S. cerevisiae cells. However, the specific mode 

of action of cymoxanil is unknown. In this work, we therefore sought to analyze the cellular 

responses elicited by cymoxanil, in order to understand the mechanisms involved. We found 

that it leads to both growth inhibition and cell death of yeast cells in a dose-dependent manner 

and further characterized cymoxanil-induced functional and structural alterations. Our data so 

far suggest that mitochondria are the main target of cymoxanil, although other targets cannot 

be excluded. Further characterization of the mechanism involved will be instrumental to drive 

informed management and mitigation strategies regarding the use of this pesticide. 
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Since ancient times, elderberry has been used for therapeutic purposes and as a food 

supplement. Recently, studies have revealed its biological properties, such as antioxidant, anti-

inflammatory, antibacterial, antifungal, and antiviral activities. It is also a regulator of glucose 

metabolism and vascular tone. These properties are attributed to its composition, in particular 

organic acids, phenolic compounds, and flavonoids (Ulbricht, Basch, & Cheung, 2014). 

The objective of this work was to evaluate the influence of elderberry extract as an additive in 

yogurt. In this work, four yogurts with different concentrations of potassium sorbate and 

elderberry extract were study. Yogurt with 0.1% (w/v) potassium sorbate (control); yogurt with 

0.1% (w/v) of potassium sorbate and other with 0.2% (w/v) of elderberry extract; and the last 

one with 0.05% (w/v) potassium sorbate and 0.1% (w/v) of elderberry extract. To verify the 

additives influence, the microbial control of yeasts and moulds, total coliforms, E. coli, 

Salmonella, mesophiles, psychrophiles, and S. aureus was carried out. These analyses were 

done at the periods of 0, 7, 14, and 21 days.  

The assays did not show contamination for any of the parameters analyzed over time for the 4 

yogurts; with except of the mesophiles after the 21 days in 3 of the study yogurts (yogurts with 

different percentages of elderberry extract (0.1 and 0.2% w/v) and the yogurt with the addition 

of potassium sorbate and elderberry extract), being the values 1,00x10², 3,57x10² and 

2,00x10² CFU/mL, respectively. 

The elderberry extract showed to be a natural source with good preservation properties, and 

thus it may be possibly used as natural additive in the food industry to extend the shelf-life of 

the food products.  

 

Keywords: Yogurt; Elderberry; Sorbate potassium, Additive, Food safety. 
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Chitosan has been one the first choice biopolymer for the development of antimicrobial active 

packaging systems due to its inherent antimicrobial activity. Olive leaf extract (OLE) is one of 

the highest value by-products arising from the olive oil industry. It has a high percentage of 

active compounds, and oleuropein is referred to as the main compound responsible for the 

OLE properties.  

This work has focused on the combination of chitosan with OLE for the development of active 

films with both antimicrobial and antioxidant properties. Chitosan films with OLE incorporated 

at different concentrations (10-30% OLE relative to the chitosan) were characterised regarding 

their antimicrobial, antioxidant and physic-mechanical properties of the films. The activity 

against Listeria monocytogenes, Escherichia coli and Campylobacter jejuni was tested at room 

temperature and at their optimal growth temperature (37 °C or 41.5 °C). Results indicate that 

the films have substantial antimicrobial activity against L. monocytogenes and C. jejuni, mostly 

extending the microorganisms lag phase. A lower level of inhibition was found in the case of 

E. coli. However, the OLE seems not to improve the intrinsic antimicrobial properties of the 

chitosan itself, except for C. jejuni. For this microorganism growth was not observed at all OLE 

concentrations until the end of the experiment, while in the sample with no OLE, this effect was 

also observed up to ca 20 hours but after 40 hours the OD600 value similar to the control. 

These results were confirmed with in situ testing using chicken as model food. The chitosan 

films with OLE exhibited antioxidant activity, increasing with the OLE concentration, from 0.04 

to 0.15 g/L ascorbic acid equivalents. The solubility of the films with OLE was higher than that 

of the film of chitosan only, for all food simulants. All films with OLE exhibited lower solubility 

in acetic acid solution (12-22%) as compared with water or with ethanol simulants (22-28%). 
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The permeability of chitosan film was 4.92 x 10-11 g Pa-1 s-1 m-1 in line with values from literature 

and decreased with the OLE. The tensile strength was not significantly affected by the OLE 

incorporation while elongation at break increased with OLE incorporation. Overall, results 

indicate the validity of the development of active biopolymer films as an alternative to 

conventional plastics for shelf-life extension purposes. 

This work was supported by the Project PDR2020-1.0.1-FEADER-PDR2020-101-031254 

Campyfree: Estratégias de controlo de Campylobacter em carne de aves e produtos cárneos 
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Propolis is a bee product that has gained the attention due to their chemical compositions and 

functional properties. The biological and health enhancing properties makes this product an 

interesting food additive to increase food quality and safety. However, it is a resinous substance 

and it cannot be consumed as a raw food product [1]. Considering the extraction of the phenolic 

compounds it could be potentially used, for instance, as a protective cover to improve the shelf-

life of food products, the purpose of this work. 

The present work shows the preliminary results of the microbiological analysis of surface 

cheese samples, with application of films propolis formed with hydroxypropylmethylcellulose 

(HPMC, a common hydrocolloid used for film formulation) at three different concentrations (0.0, 

0.5 and 1.5% of present propolis in the film) and the evaluation over time (before application 

the film, 7, 30 and 45 days). The parameters evaluated over time were total mesophiles, molds 

and yeasts. The different molds and yeasts growing in the cheese samples were isolated and 

identified by molecular study, being identified 9 fungi and 11 yeasts. 

The analytical data showed that have a decrease in microbiological load over time for all 

conditions tested, and that the fungi stopped appearing over time, as well as some yeast 

species. So, these results allow to infer that propolis films formed using HPMC may have a 

protective effect that can be applied in food to increase the shelf life of products. 

 

Keywords: Propolis, hydroxypropylmethylcellulose (HPMC), films, cheese, microbiological analysis, shelf life of 

products. 
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The short shelf-life of fresh fish fillets, which are highly perishable food products, can lead to 

substantial waste particularly if there are failures in the cold chain. This can limit the profitability 

of the fish and shellfish sector and reduce the sustainability of aquaculture and seafood 

industry.  

The aim of this study was to investigate the effect on European sea bass (Dicentrarchus labrax) 

fillets of High Pressure Processing (HPP, 600MPa, 25°C, 5min) and refrigerated storage. This 

was achieved through 1) determination of their microbial loads using classical microbiology 

(plate counts) and quantitative (q)PCR for the 16S rRNA gene; 2) assessment of their bacterial 

and fungal/yeast global microbiomes, using 16S/ITS metagenomics; 3) determination of the 

effect of HPP on fish tissue structure, using optical and electronic microscopy; and 4) global 

proteome profiling using  SWATH quantitative proteomics. 

HPP led to a substantial reduction in the initial bacterial, yeast or mold viable counts of sea 

bass fillets compared to the control fillets maintained under normal refrigerated storage 

conditions. In the HPP-treated fillets the microbial load assessed by conventional plate counts 

revealed tested microorganisms were below detection limits (<2 logCFU/g) even after 11 or 32 

days of storage at 2°C, while control fillets had significantly higher bacterial loads and had 

deteriorated after 11 days cold storage. 16S qPCR confirmed the results of the classical 

microbiological approaches and revealed significant reductions in the total bacterial load of 

HPP fillets. Global metagenomics revealed divergent bacterial and fungal/yeast microbiomes 

between HPP and control fillets during long-term storage (11-67 days), which included 

decreases or persistence of common food spoilage genera. Analysis of tissue structure by 

histology revealed significant impacts on HPP, with fibers appearing fused and more compact 

immediately after treatment with some evidence of tissue disintegration after long-term (67 d) 

storage. Quantitative proteomics identified approx. 180 proteins with more than a 2-fold 

modified level between control and HPP sea bass fillets, immediately after treatment or at the 

end of storage.  
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The integration of the results of multiple classical approaches and cutting-edge technologies 

revealed that HPP extended sea bass fillets shelf life by reducing the microbiome and 

inactivating enzymes and also significantly altered fillet morphology. The proteomics and 

molecular approaches has yielded promising candidate biomarkers for quality and safety 

assessment of fish fillets. 
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Consumption of bread made from preserved dough is increasing in bakeries, supermarkets 

and restaurants all around the world, because of the ease of producing freshly baked product, 

at any time of the day. Using preserved dough has advantages such as saving time, space, 

equipment and retailing expenses. 

The aim of this work was to study the behaviour of wheat bread dough during storage time 

under different preservation methods. Industrial wheat bread dough was packed into 

polyethylene bags (40g portions) and storage with partial vacuum (50%), modified atmosphere 

(MAP) (50%CO2/50%N2) and freezing (-35ºC). Samples were storage at 4ºC and -18ºC, 

during 15 and 60 days, for vacuum and MAP, and freezing, respectively. A control with air was 

also made to simulate industrial production. 

Dough and bread (dough was cooked in the oven at 200ºC during 11min) texture, color, 

moisture content, water activity and pH were determined. Samples were analysed over shelf 

life (0,1,2,4,8,15,30,60 days). The analysis of variance (ANOVA) and the Tukey test were used 

to determine statistically different values at a significant level of (p<0.05). 

Through the results obtained in the microbiological analysis it was concluded that dough and 

bread are according with the quality and food safety parameters required by Regulation (EC) 

No. 1441/2007 and the guidelines defined by the Health Protection Agency (HPA), presenting 

satisfactory quality in relation to the parameters analysed. Texture results showed that 

hardness of bread crumb and crust increased over storage time for air (control), vacuum and 

MAP conditions.  

On the contrary, hardness of samples, under freezing storage, remained constant until the end 

of time. The same behaviour was found for pH results. There were no significant differences in 

water activity and moisture content during storage time, regardless of the preservation method. 

Concerning color results, luminosity of dough and bread crumb decreased during storage time 

for all the conditions studied. 
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It was concluded that wheat dough bread storage under freezing conditions could be a viable 

solution for the industry in order extend shelf-life, while assuring consumers a quality product 

at any time of the day, enabling greater efficiency to the bakeries. 
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Ochratoxin A (OTA) is a well-studied mycotoxin that poses severe health risks. OTA is mainly 

produced by Aspergillus and Penicillium species associated with food spoilage and it is present 

in a wide diversity of food and feed products. Recent studies have reported the presence of 

OTA in food matrices where known OTA producers are not present1,2. For that reason, other 

species such as P. crustosum are now being considered. A recent study using comparative 

genomic analysis3 clarified the OTA biosynthetic gene cluster composition.  

In order to gain insight into the secondary metabolism of P. crustosum, this study aimed to 

sequence and explore the complete genome of strain MUM 16.125. This strain was isolated 

from cheese rind sample contaminated with OTA in which no known OTA producers were 

present1. 

The genome assembly comprises 199 contigs with a total length of 30.95 Mb and contains 

10975 predicted protein-coding genes. In total, 109 gene clusters potentially related with 

secondary metabolism were identified, including putative gene clusters for penitrem, clavaric 

acid or naphthopyrones biosynthesis. Nevertheless, no evidence of an OTA biosynthetic gene 

cluster was found. A total of 83 complete and 49 partial protein sequences from published OTA 

biosynthetic genes from 11 Aspergillus and 3 Penicillium species were queried against the 

predicted P. crustosum proteins. Only 3 strong matches were found (to a short partial P. 

verrucosum PKS and 2 P. thymicola chloroperoxidases) but matches to complete key genes 

were absent. 

Considering these findings, it appears that strain MUM 16.125 lacks the most common genetic 

pathway to produce OTA, providing important information relevant to understand the role of P. 

crustosum as putative OTA producer. Nevertheless, the additional secondary metabolism gene 

clusters found (such as penitrem, clavaric acid or naphthopyrones) highlight the potential of 

this strain for metabolite production, including other mycotoxins or compounds with antioxidant, 

anticancer or antibiotic properties. 
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Meat and meat products are essential for a balanced diet. Synthetic chemical preservatives 

are still widely used by the meat industry, but the consumer concerns about toxicity and safety 

pressure the industry to find alternative natural sources. The replacement of nitrite by a single 

alternative ingredient is challenging due to its broad-spectrum activity, but the combination of 

several agents can be effective for this purpose, including multiple plant-based alternatives. 

This study aimed to evaluate a nitrate reductase-producing starter culture and natural sources 

of nitrate as a potential clean label solution to nitrite addition in cooked ham manufacturing. 

Cooked hams were prepared at a laboratory scale using pork leg minced to a particular size of 

5 mm and the following ingredients: water, salt, sodium tripolyphosphate, and carrageenan. To 

the base formulation was added: a) starter culture and b) natural sources of nitrate in 

combination with the starter culture. Hams were stuffed into an impermeable plastic casing and 

cooked in a water bath at 77 ºC until the core temperature reached 70 ºC. After processing, 

the cooked hams were submitted to several microbiological analysis (according to ISO 

standards) and physico-chemical analysis (Texture Profile Analysis, colorimetry, pH, water 

activity and, nitrate/nitrite content). All the produced hams had the characteristic odor of ham.  

The main difference observed was the color; the lack of nitrite impacted the development of 

the pinkish color. When applied individually, the starter culture and radish were not able to 

develop a typical color. On the contrary, hams prepared using fresh spinach cooking water and 

the starter culture developed an acceptable color. Regarding the texture, similar results were 

observed for hams prepared with chemical nitrite addition or with fresh spinach cooking water 

in combination with the nitrate reductase-producing starter culture, being both products 

microbiological stable during at least 10 days of storage at 4 ºC.  

Although preliminary, these results demonstrate that fresh spinach cooking water in 

combination with a nitrate-reducing starter culture are promising ingredients as a clean label 

solution to the addition of chemical nitrite in the cooked ham production. This work was 

developed in the scope of the project “cLabel+: Innovative “clean label” natural, nutritious and 

consumer-oriented foods” (POCI-01-0247-FEDER-046080), co-financed by the Fund 
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European Regional Development (ERDF) through the Competitiveness and 

Internationalization Operational Program (POCI). 
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Foodborne pathogens are a significant global food safety problem. In response to nutritional 

and health problems, consumers’ perception, and negative opinions of artificial preservatives 

in food, the food industry is searching for “clean” alternatives that consumers recognize as 

natural. Bioactive substances deriving from plants, animals, or microorganisms, might present 

the possibility of preventing and controlling foodborne diseases. Consequently, alternatives 

such as plant extracts are now being accepted by the food industry as good options to prevent 

bacterial growth that lead to food spoilage and foodborne diseases. In this work, minimum 

inhibitory concentrations (MIC) of commercially available plant extracts were determined in 

vitro against selected foodborne pathogens. For that, several concentrations of Oleuropein (a 

derived term from the botanical name of the olive tree, Olea europaea), Rosemary (derived 

from Rosmarinus officinalis L.), and Shiitake mushroom (derived from Lentinus edodes) 

extracts were tested against different target bacteria: Escherichia coli, Listeria monocytogenes, 

Salmonella Enteritidis and  Staphylococcus aureus. Oleuropein extract inhibited the growth of 

all L. monocytogenes and S. aureus strains investigated with MIC values between 31.25 and 

62.50 mg/ml, respectively. Although to a lesser extent, all E. coli and Salm. Enteritidis tested 

strains were inhibited at MIC values of 125.00 mg/ml. Rosemary extract was effective against 

L. monocytogenes, with MICs values between 125.00 and 62.50 mg/ml, but no effect on E. 

coli, Salm. Enteritidis and S. aureus strains was observed. Concerning Shiitake mushroom 

extract, no antimicrobial activity was observed. These results will be further investigated on 

different food matrices and packaging systems. 

This work was developed in the scope of the project “cLabel+: Innovative “clean label” natural, 

nutritious and consumer-oriented foods” (POCI-01-0247-FEDER-046080), co-financed by the 

Fund European Regional Development (ERDF) through the Competitiveness and 

Internationalization Operational Program (POCI). 
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Nitrates are chemical compounds usually applied at a large scale in the food industry, namely 

in dry-cured sausages, being converted to nitrites. Their application in the manufacturing of 

dry-cured sausages is due to both the antimicrobial activity of nitrates, as well as to the ability 

of nitrites to improve organoleptic characteristics desired by the consumer, such as colour. 

However, the addition of nitrates/nitrites may result in nitrosamine formation, which are 

carcinogenic chemical compounds[1]. 

The aim of this study was to evaluate the growth of pathogenic and food-spoilage bacteria, 

namely Salmonella spp., sulfite-reducing clostridia, Listeria monocytogenes, and 

enterobacteria, as well as the evolution of physicochemical parameters, such as aW and pH in 

dry-cured sausages, in the absence of nitrates/nitrites at the industrial scale. 

Regarding physicochemical parameters, no significant differences (P < 0,05) were observed 

between control and nitrate/nitrite-free samples. Concerning microbial hazards, both 

Salmonella and clostridia were absent from all tested samples. Moreover, no significant 

differences (P < 0,05) were observed between control and nitrate/nitrite-free samples regarding 

the numbers of L. monocytogenes and enterobacteria. Therefore, the addition of nitrate/nitrite 

to dry-cured sausages could be eliminated. Nevertheless, sensory analyses should be 

performed to evaluate the acceptance of nitrate/nitrite-free dry-cured sausages by consumers. 

Acknowledgments: Work funded by national funds through PT2020-PDR2020 co-funded through the EAFRD 

under project PDR2020-1.0.1-FEADER-031373, and through Fundação para a Ciência e a Tecnologia-
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[1] V. Bouvard et al., “Carcinogenicity of consumption of red and processed meat,” vol. 2045, no. 15, pp. 1–2, 
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Emiliania huxleyi and Chrysotila pseudoroscoffensis are two coccolithophore species of 

microalgae that are composed by 30-60 % of calcium carbonate in the form of platelets and 

contains bioactive compounds that can be explored to produce sustainable packaging. In this 

work, these microalgae were incorporated as fillers in starch-based films, aiming to develop 

biodegradable and bioactive materials for food packaging applications. For comparison, 

commercial calcium carbonate, the most used filler in the plastic industry, was incorporated. 

The films were obtained by the solvent casting method, after dispersing different proportions 

of the microalgae biomass (2.5, 5, and 10% w/v) in the starch matrix. The effect of its 

incorporation was assessed, namely on the mechanical performance, the wetting properties 

on the films surface, and the antioxidant activity. The integration of both calcium carbonate and 

microalgal biomass turned the films significantly less rigid, suggesting a possible interference 

with the starch matrix crystallization. In the other hand, the results showed that the 

incorporation of microalgae hydrophobic compounds as lipids provided a hydrophobic nature 

indicating that the presence of microalgae can be useful to improve the films barrier properties. 

Furthermore, the films with these natural fillers exhibited antioxidant activity, especially the 

films with 10% w/v. The bioactive constituents of microalgae namely polyphenolic compounds 

and pigments such as carotenoid conferred antioxidant properties to the films. This property 

was not observed for the films with calcium carbonate. This work shows that these microalgae 

with bioactive compounds can be incorporated into starch-based films, revealing to be 

promising for sustainable food packaging applications. 
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The Serra da Estrela (SE) cheese is a dairy product with Protected Designation of Origin 

(PDO), made of raw autochthonous sheep milk (from SE and/or Churra Mondegueira breeds), 

locally harvested flowers of Cynara cardunculus L., and salt. The traditional manufacturing 

practices and local sourcing of the ingredients are not only compulsory, according to its PDO, 

but also determinant to the distinct organoleptic profile of the final product. Fraudulent 

production may, however, include milks from cheaper sources. Food fraud in dairy products is 

commonly detected with DNA-based methods, like PCR, Real-time PCR, multiplex PCR and 

PCR-RFLP[1]. This project’ goal is to explore analytical methods, including the previously 

mentioned examples, and develop methodologies that are capable of detecting adulterant milk, 

specifically in SE cheese. 

After analysing the electrophoretic pattern RAPD-PCR with different combinations of arbitrary 

primers, it was possible to distinguish milk samples from SE and Mocha breeds. Furtherly, 

primers were design to target the distinctive fragment in the RAPD pattern, resulting in a more 

easily interpreted method: Sequence Characterized Amplified Region PCR (SCAR-PCR)[2]. 

The control region of the mitochondrial DNA (mtDNA) is a good target since it is more stable 

than genomic DNA. PCR amplification of the control region of the mtDNA (D-loop) can detect 

cows’ milk in a mixture with milk from SE sheep. An undergoing bioinformatic analysis of the 

D-loop region, that started with a populations genetics approach to increase our understanding 

on the relatedness between the mtDNA of different sheep breeds, is now being focused in 

theorizing new analytical approaches. 

By tackling the problem from different angles, we can now detect milks from Mocha sheep and 

cow, in mixtures with SE milk. Moreover, we are currently focused in using sequencing data to 

catalyse the further development of molecular techniques with higher sensitivity and accuracy 

for fraud detection in SE cheese. 

 

Funding 

This work was supported by ProDOP Serra da Estrela (PDR2020-101-032096) funded by Programa de 

Desenvolvimento Rural 2014–2020, European Agricultural Fund For Rural Development, and by Portuguese 

Foundation for Science and Technology under the scope of the strategic funding of UIDB/04469/2020. 



3.4 Soil health, food security and food safety 

 

 

651 
 

 

References 

[1]Baptista et al. (2021) DNA-based approaches for dairy products authentication: A review and perspectives. 

Trends in Food Science & Technology 109: 386–397.  

[2]Cunha et al. (2016) RAPD and SCAR markers as potential tools for detection of milk origin in dairy products: 

Adulterant sheep breeds in Serra da Estrela cheese production. Food Chemistry 211: 631-636. 

 

 

 

 

 

  



 

652 
 

3.5 Biotech4food – Nutrigenomics, Personalized Nutrition and Food 

Production 

 

 

106. Comparison of dietary fiber content of carob (Ceratonia siliqua L.) flour as related 

to seed presence and roasting effects 

 

Ana Martins Vilas-Boas1, María Brassesco1, Teresa Brandão2, Cristina Silva2 and 

Manuela Pintado1 

1Centre for Biotechnology and Fine Chemistry, Universidade Católica Portuguesa, Portugal; 2Universidade 

Católica Portuguesa, Portugal 

 

Carob fruit originates from the carob tree, a leguminous evergreen tree (Ceratonia siliqua L.) 

cultivated in the Mediterranean area, namely in Portugal, with high relevance in production and 

low prices. Carob pods contain various relevant nutrients that include proteins, carbohydrates 

and fiber, as well as phytochemicals such as polyphenols, conferring great potential for carob 

pods to be used as functional ingredient. This study focused on extracting, by a thermal-

enzymatic process and characterizing, by HPLC, the dietary fiber (DF) content for carob 

powders with and without seed at different roasting temperatures. An initial nutritional 

evaluation on carob powders (CPs) indicated that seed presence led to higher content in 

macronutrients. The CPs processed at 150 ºC showed significantly higher content in neutral 

sugars (NS). As for the determination of DF content, results indicated that the main fiber 

fraction present in all samples was insoluble dietary fiber (IDF) corresponding to 98.4 % of total 

fiber content. The uronic acid content was significantly higher in IDF, for both roasting 

temperatures. The Klason lignin was higher for CPs processed at 150 ºC and represented, in 

all cases, 50 % of total IDF. The DF were also evaluated for antioxidant activity and phenolic 

content. The total phenolic content (TPC), determined by Folin-Ciocalteau, was twice on IDF 

as high at 150 ºC than 80 ºC, probably due to the formation of certain Maillard reaction products 

(MRPs), or certain phenolics that may degrade during roasting. The free phenolic content was 

significantly affected by the roasting temperatures and seed presence. The antioxidant activity 

is correlated with TPC, increasing in IDF when the flour was roasted at 150 ºC. These findings 

could put in the best light the utilization of DF in food industry according to the requirement of 

the final product and can also incline the interest of consumers towards the less utilized carob 

flours. 
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The deteriorating quality of commercial honey is caused by thermal pasteurization and long-

term storage being this is highly dependent on the severity of the thermal treatment applied in 

the pasteurization process (Scepankova, Estevinho, Paula, & Saraiva, 2021). Therefore, it is 

important to continue to investigate methods to reduce undesirable changes in honey.  

High pressure processing (600, 400, 200 MPa for 5, 15, 30 minutes) was investigated as an 

alternative to conventional thermal processing (55 °C and 78 °C for 15 and 8 minutes, 

respectively). The effect of the processing techniques on the quality of organic rosemary honey 

was evaluated by determination of physicochemical parameters (diastase activity and 

hydroxymethylfurfural, HMF), microbial load (yeasts and moulds, aerobic mesophiles), and 

antioxidant properties (total phenolic compounds and antioxidant activity) i) immediately after 

the processing (day 0), ii) and while stored at controlled room temperature (20 °C) for 2 years.  

The results showed that HPP was not able to inactivate spoilage microorganisms (yeasts and 

moulds and total aerobic mesophiles), the microbial load of honey after processing was equal 

to the raw honey (4 Log). Higher temperature (78 °C for 8 min) was required to inactivated 

yeasts and moulds, and aerobic mesophiles in honey. However, such heating conditions 

affected the commercial quality of honey, being the diastase activity beyond the reference limit 

(8DN) after the 1 year of storage. However, HPP preserved the commercial quality (being 

diastase activity and HMF within the reference values) and the antioxidant activity of all HPP 

honeys samples (being similar to the raw honey) over the storage of 2 years. 

HPP at room temperature may be effective processing technology to preserve commercial 

quality and bioactivity of rosemary honey for 2 years at 20 °C. But it lacked the inactivation of 

microbial contaminants of the honey. It is known that the botanical origin of honey has a 

significant effect on the quality changes after thermal processing (Scepankova et al., 2021), 

therefore more types of honey should be processed by HPP and analyzed to confirm this 

observation. Likewise, further research should focus on the combination of HPP with 

temperature as a possible way to inactivate the microbial contaminants in honey while 

preserving its commercial and bioactive properties.   
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Vitamin B12 deficiency is a common condition with several negative impacts on health since it 

is essential for many biological reactions. Bacteria can synthesize de novo vitamin B12 while 

humans acquire it from dietary sources. Microbiological alternatives have been developed to 

increase vitamin B12 content in food, and research has focused on lactic acid bacteria (LAB) 

as potential cobalamin producers. Lactic acid bacteria are the most commonly used probiotics 

in foods. Chlorella vulgaris is one of the most relevant eukaryotic green microalgae, taking a 

significant role in human nutrition. It was already reported that C. vulgaris can uptake 

exogenous cobalamin from the environment, thus being used as fortified food.  This work aimed 

to investigate the probiotic potential of cobalamin producing LAB previously isolated from C. 

vulgaris cultivated in photobioreactors. Although all the isolates (Lactococcus lactis E32, 

Lactobacillus brevis G31 and Pediococcus pentosaceus L51) survived gastrointestinal 

digestion, P. pentosaceus has shown to be the most resilient strain. The presence of C. vulgaris 

in gastrointestinal digestion had a protective effect on all strains.  
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Nowadays extending shelf life of food products is of utmost importance, not only in an attempt 

to reduce food waste, but also for the optimization of food distribution strategies and logistics 

operations. Bread is a product highly consumed and has a relatively short shelf life, limited by 

several complex deterioration processes. Brad stalling is mostly enhanced by microorganisms’ 

growth, starch retrogradation and bread moisture mainly affecting texture and odour. This study 

compared the effect of MAP (modified atmosphere packaging) conditions to normal packaging 

systems presently implemented by the local bread supplier. For each packaging system, the 

quality parameters considered relevant for the product were monitored over storage, namely: 

texture, moisture, aw, pH, color, acidity, total microorganism count at 30 ºC and organoleptic 

features. Packaging conditions were: ATM N, normal atmosphere with about 21% of O2 and 

79% of N2; ATM V/2, with 50% of the initial air volume; ATM1 with a mixture of 40% CO2 and 

60% N2; ATM2, with 60% CO2 and 40% N2; ATM CO2, with about 100% CO2; these last, with 

O2 in residual quantity.  

Initially, a shelflife of about 5 days was predicted, but in some of the packaging systems it was 

not possible to achieve this storage time, as the samples were disapproved by the panellists, 

or due to microbiological growth beyond acceptable limits. Main quality deployment was 

observed in samples in MAP. The high concentration of CO2 on studied MAP conditions 

(ATM1, ATM2 and ATMCO2) promoted serious defects in texture, friability of bread crust and 

crumb, detected by the trained sensory panel, who also perceived increase in hardness.  

However, these MAP conditions presented a good performance controling microrganisms 

growth. Opposite results were observed in ATM N and ATM V/2 conditions, which reavealed 

to be ideal to keep quality parameters over storage. 

Despite the known effect of MAP to prevent the microbial spoilage of bread, conflicting results 

have been observed on the effect of the atmosphere considered in this physiochemical and 

sensory quality changes occurring during bread storage. 
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350. Optimization of Elderberry Fermentation: Screening Six  

Variables with Plackett-Burman Design 

 

Natália Seixas1; Sílvia Pais1; Vanessa Paula1; Luís Dias1 and Letícia Estevinho1 

1Centro de Investigação de Montanha (CIMO), Instituto Politécnico de Bragança, Portugal 

 

The elderberry has been used since ancient times in traditional medicine as remedy with health 

properties and as food as well. Current studies have validated the potential positive effects on 

human health, due to its diuretic, laxative, and anti-inflammatory properties [1]. Fermentation 

is a process driven by lactic acid bacteria and probiotic yeasts (as Saccharomyces cerevisiae 

yeast).  

Fermented products have several advantages, in particular: greater digestibility, inhibition of 

the growth of pathogenic bacteria and disease control [2]. 

The objective of this work was to study different conditions for elderberryfementation with the 

aim to add the fermented elderberry sample to a food product to achieve improved  

properties.Plackett-Burmann design, was applied with 15 different trials, using 3 levels of 6 

parameters: urea (1; 1,5 and 2 g/L), magnesium sulfate (MgSO4) (0,5; 1 and 1,5 g/L), 

potassium dihydrogen phosphate (KH2PO4) (0,5; 1 and 1,5 g/L) and pH values (4,5; 4,75 and 

5) in the culture medium;inoculum concentration of Saccharomyces cerevisiae yeast (105, 106 

and 107); sample quantities (50, 150 and 250 g). The fermentation was monitored in time (every 

day until the end of the fermentation) measuring the flasks weight, pH, colony forming unit 

(CFU) and near-infrared spectroscopy (NIR). Data treatment was performed using R software 

to select the levels and variables that allowed optimal conditions for yeast growth.  

The results showed that the optimal trial should have 105 of yeast inoculum quantity, 50 g of 

sample mass and the culture medium with the composition of 1 g/L of urea, 0,5 g/L of MgSO4, 

0,5 g/L of KH2PO4 and pH 4,5. We can conclude that the lowest concentrations for all 

parameters studied in this work was the best conditions for the fermentation elderberry 

samples. 

 

Keywords: Sacharomyces cerevisae; best conditions for fermentation; culture media composition; Plackett-

Burmann design. 
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animalis subsp. lactis growth  
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Escola Superior de Biotecnologia, Rua Diogo Botelho 1327, 4169-005 Porto, Portugal 

 

Introduction: Studies on bioactive lipids have been increasing in the last years due to their 

proven health benefits: positive impact on the prevention of cardiovascular disorders, on the 

development of cognitive function, and more recently on the control of body weight and 

diabetes. Consequently, the feasibility of their incorporation in new functional products has 

gained a greater interest in the food industry. Alongside the technological challenges, the 

antimicrobial activity of some of these oils may constitute a potential barrier for their 

incorporation, for example in fermented foods.  

Objective: Taking this into consideration, the aim of this work is the evaluation of the impact of 

different pomegranate, coconut, and avocado vegetable oils on Lacticaseibacillus rhamnosus 

and Bifidobacterium animalis subsp. lactis Bb12 growth.  

Methods: For this purpose, both bacteria were grown in MRS (normal growth media), and in 

MRS supplemented with each of the vegetable oils at 1.5 % (v/v). The impact on growth, 

organic acids production, and glucose consumption was evaluated.  

Results: The presence of either of the three vegetable oils did not affect the bacterial growth. 

Viable cell numbers reached 9.2 log CFU/mL and 8.1 log CFU/mL upon 24h of incubation for 

L. rhamnosus and B. animalis Bb12 respectively. For both bacteria, the presence of avocado 

and coconut oil appears to improve microbial growth.  

Acknowledgments: This work was supported by National Funds from FCT - Fundação para a 

Ciência e a Tecnologia through project UIDB/50016/2020. Manuela Machado is grateful for the 
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363. Fucus vesiculosus and Porphyra dioica Seaweeds Cultivated in Fully Controlled 

Closed Systems: Proximate and Elemental Composition and Antioxidant Potential 

 

Paulo Nova1,2, Ana Rita Costa-Pinto2, Helena Abreu3, Ana Cristina Freitas1, Ana Maria 

Gomes1 

1. Universidade Católica Portuguesa, CBQF - Centro de Biotecnologia e Química Fina – Laboratório 

Associado, Escola Superior de Biotecnologia, Portugal 

2. i3S - Instituto de Investigação e Inovação em Saúde, University of Porto, Portugal. 

3.    IPATIMUP—Institute of Molecular Pathology and Immunology of University of Porto, Portugal 

4.    ALGAplus Production and Trading of Seaweed and Derived Products Ltd, Portugal 

 

 

Algae standout as a valuable source of chemical compounds such as polysaccharides, 

proteins, minerals, phenolics and other secondary metabolites scientifically described to 

possess cardiovascular protective, anti-oxidant, and anti-proliferative activities (1). 

Furthermore, seaweeds are excellent ingredients to be incorporated in novel functional foods 

and the many environmental benefits of growing algae make it an important solution to the 

sustainability challenge (1). In this study, proximate and elemental composition, and 

antioxidant potential (DPPH and ABTS methods) of two species of algae produced in fully 

controlled closed systems were evaluated: Fucus vesiculosus (FV) and Porphyra dioica (PD), 

both edible and with tremendous potential for health, food, and biotechnological applications. 

Moisture and ash contents were determined according to the AOAC methods, protein content 

was determined by the Kjeldahl method, total fat content was determined by Soxhlet extraction 

and total phenolic content (TPC) by the Folin-Ciocalteu method. For elemental composition, a 

microwave-assisted acid digestion procedure was performed followed by inductively coupled 

plasma (ICP) profiling.  

Protein content, total carbohydrates and fat contents were 12.4% and 35.7%; 42.0% and 

28.9% and 3.4% and 1.6% for FV and PD, respectively. FV presented the highest TPC with 

10.89 mgGAE/g % dry weight. Both seaweeds revealed to be good sources of Ca; 77.9 and 

22.5 mg/10g, K; 369.6 and 286.3 mg/10g and Mg; 81.3 and 61.7 mg/10g; for FV and PD, 

respectively. The two seaweeds presented DPPH and ABTS radical scavenging antioxidant 

activities - 8.20 and 9.67 mg Trolox Equiv/g dry algae; 0.033 and 0.126 mg Ascorbic Acid 

Equiv/g dry algae for FV and PD, respectively. Nutritional and antioxidant profiles of these 

marine seaweeds make them excellent constituents for a wide range of health and food 

applications. Seaweed aquaculture in closed controlled systems offers a safe and sustainable 
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solution contributing to the increasing demand of consumers for sustainable natural resources 

with extra health benefits.  

1. Nova, P et al.,2020. Health benefits and bioavailability of marine resources 

components that contribute to health – what ’ s new? CritRevFoodSciNutr. 
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Microbial communities in kefir are shaped by the starter but also by the substrate. Little is 

known about the properties of donkey milk as a kefir fermentation substrate, despite its rise in 

popularity as a health food. This is the first study resorting to culture-independent methods to 

characterize the microbial diversity in freeze-dried fermented donkey milk. DNA was extracted 

from samples and the library construction used the Illumina 16S Metagenomic Sequencing 

protocol. Sequencing was carried out with MiSeq Reagent Kit v3 in the lllumina MiSeq platform. 

The generated raw sequence data was analyzed with QIIME2 v2020.8. 

The main bacterial genera found were Lactobacillus (40%), Acetobacter (33%), Lactococcus 

(14%), Serratia (9%), and Pseudomonas (4%). These have been previously described in 

kefir/koumiss and in donkey milk. The yeast population was dominated by Saccharomycetales, 

with a prevalence of Kazachstania (73%). 

Many of the representative or frequently described microorganisms of kefir were found in the 

samples, namely, the bacteria Lactobacillus kefiri, L. kefiranofaciens, L. parakefiri, Lactococcus 

lactis, and Acetobacter orientalis, and the yeast Kazachstania unispora. Nevertheless, other 

typical bacteria, like Leuconostoc, and fungi Kluyveromyces, were not identified. Therefore, 

although it does not fulfill the Codex Alimentarius standards for the kefir designation, this 

product constitutes a fermented donkey milk drink with a unique microbial profile, which 

includes 87% of bacterial taxa with probiotic potential. Further studies are needed to validate 

the probiotic properties of the specific strains present. 
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Paulo Nova1, Ana Rita Costa-Pinto2,3, Joana Laranjeira Silva4, Paula Teixeira1, Ana 

Cristina Freitas1, Ana Maria Gomes1 

2. Universidade Católica Portuguesa, CBQF - Centro de Biotecnologia e Química Fina – Laboratório 

Associado, Escola Superior de Biotecnologia, Portugal 

3. i3S - Instituto de Investigação e Inovação em Saúde, University of Porto, Portugal. 

3. IPATIMUP—Institute of Molecular Pathology and Immunology of University of Porto, Portugal 

4. Allmicroalgae - Industrial Microalgae Production, Portugal 

 

Microalgae are organisms with unique properties, extremely rich in bioactive compounds and 

with remarkable potential for nutritional, medical and biotechnological applications (1). Given 

their richness in a wide range of nutrients and functional compounds, microalgae can be 

incorporated in foods, dietary supplements, or even pharmaceuticals given their potential 

cardiovascular protective, anti-inflammatory, antioxidant and anti-proliferative activities (1,2). 

In this work, the elemental composition (calcium, potassium, magnesium, phosphorus, iron, 

zinc, copper and manganese) as well as dietary fiber and protein contents of Tetraselmis chuii 

microalga cultivated in fully controlled closed systems, were evaluated. Protein content in dried 

biomass was determined by the Kjeldahl method and dietary fiber by the acid detergent method 

developed by Van Soest (1991). For the elemental composition, a microwave-assisted acid 

digestion procedure was performed followed by inductively coupled plasma (ICP) profiling. 

Data are presented as mean plus standard deviation of 2 replicas (Table.1).  

 

Table 1: Contents of protein, dietary fiber and elemental composition of the Tetraselmis chuii microalga. 

 

 

Tetraselmis  

chuii 

Protein 

%(w/w) 

Fiber %(w/w) Minerals (mg/10g portion of dry seaweed) 

Sol. Ins. Ca K Mg P Fe Zn Cu Mn 

47.09 

 ± 

0.03 

1.81  

±  

0.07 

0.610 

± 

0.01 

106.2 106.7 37.6 125.3 5.3 0.6 0.2 0.4 
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Tetraselmis chuii is an excellent food to be incorporated in the usual diet bringing a 

considerable amount of natural protein, soluble and insoluble fibers, and minerals. For 

example, eating only 10 g of this microalga per day could bring 13.3; 10.0; 6.0 and 37.9 % of 

the daily reference intakes (DRI) of Ca, Mg, Zn and Fe, respectively. Furthermore, given its 

nutritional quality, this microalga has an enormous potential to be used in the development of 

innovative food products that emphasize functionality, convenience, nutrition and health.  

2. Nova, P et al., 2020. Health benefits and bioavailability of marine resources 

components that contribute to health – what ’ s new? CritRevFoodSciNutr. 

3. Nova, P et al., 2020. Foods with microalgae and seaweeds fostering consumers 

health: a review on scientific and market innovations. J Appl Phycol. 
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Science is widely present in our most ordinary day-to-day activities. Science teaching and 

communication have often used technological developments as examples to popularize 

scientific knowledge. However, “to vulgarize science is not the same as to create a scientific 

mindset” (1). More than providing additional facts and explanatory models of the Universe, the 

process of knowledge production and the public engagement in debates about societal issues 

are deemed crucial in the context of responsible research and innovation practices (2, 3). For 

these purposes, microbiology approaches offer time-saving methods and various issues to 

debate about, such as biotechnology and drug resistance (4). Fashion and associated 

processes, e.g., fabric dyeing, are among the most polluting industries worldwide (5). 

Therefore, a microbiology project to dissect the processes involved in the fashion industry 

could fit the purpose of developing research and critical thinking skills. 

Objective: Develop a microbiology project about fashion within training for responsible 

research and innovation suitable for outreach demonstrations. 

Results: To explore fabric dyeing methods, a bacterial pigment was employed to dye cotton. 

Firstly, the blue pigment indigoidine was isolated from a previously developed genetically 

engineered bacterium (6). The crude pigment was then used to soak and dye cotton gauze (7). 

Finally, a salt-based mordant was used to promote dye fixation. 

To investigate treatments for dyeing wastewaters, saprotrophic microorganisms were 

employed for bioconversion of indigoidine. Firstly, soil samples were collected from 

georeferenced sites at the faculty’s grass field. The samples were then screened for microbial 

isolates originating white halos in pigment-supplement agar plates (8). Finally, the selected 

isolates were cultivated in a pigment-supplemented liquid medium and relative bioconversion 

was assessed by the degree of color fading. 
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Conclusion: Two wet-lab protocols were developed and implemented in-class to demonstrate 

fabric dyeing and wastewater treatment using microbiological techniques. 

Impact of the work: This project was implemented within a continuing training unit and 

originated a series of debates and a final report, addressing both scientific and societal 

implications of fabric dyeing and wastewater management. Furthermore, it laid the possibility 

to plan a demonstration for dissemination of knowledge and public engagement held during 

the 2021 European Researcher’s Night event. 
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Background: MicroMundo project is an innovative approach that combines service-learning 

methodology together with citizenship-oriented experimental activities. Started from the Small 

World Initiative® (SWI; Yale University, USA) and Tiny Earth (2018, Wiscosin Institute for 

Discovery, USA) international projects, witch spread across several European counties. 

MicroMundo was implemented first in Spain (2018) and then in Portugal (2018) at University 

of Porto. In 2019, University of Porto organized the first MicroMundo@Porto Workshop and 

involved other universities as the Department of Veterinary Sciences of University School 

Vasco da Gama in Coimbra, Portugal. During the pandemic situation, in 2021, University 

School Vasco da Gama implemented the MicroMundo in center region of Portugal. 

Objectives: the main goals of MicroMundo are improving knowledge in university and 

Basic/Hight schools-students addressing antimicrobial resistance (AMR) and how to fight 

superbugs, bring science closer to society, namely with the discovery of new antibiotics from 

soil samples.  

Methods: University students’ recruitment was performed in a context of extracurricular 

training by university professors or researchers. University students were responsible for both 

organization and teaching of 4 sessions applied in Basic/Hight schools-students, that included 

the production of didactic-pedagogical materials. In a pandemic scenario, 5 University-students 

from University School Vasco da Gama was integrated in MicroMundo team. The 4 sessions 

were performed at 2 schools (Coimbra and Condeixa-a-Nova) with a total of 30 school-students 

and 3 teachers (2 classes). The university students were supervised by a university professor. 

Experimental work consisted in soil sampling, pre-enrichment, serial dilutions, drop plating 

method, microorganisms’ biodiversity analyzes and selection of different colonies and 

antibiosis assays. All these tasks with the propose to find new antibiotic-producing 

microorganisms by exploring the microbial diversity of natural-soils from center region of 

Portugal. 
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Results/Conclusions: the strategy of sessions and all didactic-pedagogical materials was 

designed and developed to communicate to school-students and their teachers the hazards of 

AMR in a One Health approach as well as the importance of control and preventive measures. 

The implementation and execution of MicroMundo among university students and School-

students provide them training activities and awareness on the topic of antimicrobial resistance; 

arouse curiosity in science and research; promote the acquisition of personal, social and 

professional skills, namely in the present pandemic situation where these skills were deeply 

compromised. MicroMundo intents to contribute to building a society highly informed on 

microbiology related aspects promoting behavioral change in responsible use of antimicrobials 

– one of the most worrying worldwide public health topics. 
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Investigação Vasco da Gama and by international funds from Eit Health (210809, SAFE – 
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The global increasing demographic trends are raising concerns regarding the food and feed 

demands of a growing population, estimated to reach 9 billion people in 2050 [1, 2, 3]. Likewise, 

it is key to explore alternative feedstocks with interesting nutritional profiles, such as 

microalgae, known for their high protein contents and bioactive compounds [4, 5]. Nonetheless, 

only a few microalgal strains are presently approved for human consumption, namely Chlorella 

vulgaris (EU2017/2470). Moreover, despite the huge effort and investment dedicated to R&D, 

microalgae industrial production is still struggling with low productivities, which subsequently 

hinders sales at competitive market prices [6]. In this context, non-GMO 

(DIRECTIVE2001/18/EC) strain improvement approaches, as random mutagenesis, might be 

crucial tools to improve biomass productivities [7-11]. Accordingly, this study focused on the 

development of novel non-GMO food-grade Chlorella vulgaris‘ mutants by chemically induced 

random mutagenesis, aiming at improved growth perfomances. Eleven mutants were isolated, 

and two of them, 200A and 200D, exhibited a biomass productivity of 2.21 ± 0.03 and 2.00 ± 

0.05 g/L/day, respectively, corresponding to a 16% and 7% increment, comparing to the 1.86 

± 0.09 g/L/day biomass productivity of the wildtype. Regarding biochemical profiles, the 

mutants 200A and 200D displayed a chlorophyll content of 1.71 ± 0.07 g/100g and 1.74 ± 0.08 

g/100g, and a protein content of 23.78% ± 1.17 and 27.94% ± 1.23, respectively, which were 

slighty inferior than the wildtype, with chlorophyll and protein contents of and 2.00 ± 0.16 g/100g 

and 29.66% ± 2.41, respectively. These novel Chlorella vulgaris mutants are very promising 

for a more productive and sustainable industrial cultivation. 
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However, further work is required to assess the potential of these mutants and most 

importantly, to validate these results on a larger scale. 
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Lactic acid bacteria (LAB) have a reputation for being generally recognized as safe (GRAS) 

and food‐grade status, also in the fields of biotechnology and biopharmaceuticals as they offer 

needed characteristics to the industry for the creation of DNA vaccines and recombinant 

protein production. Challenges on their efficiency as microbial cell factories were found, 

Lactococcus lactis subsp. lactis LMG 19460 showed a low recombinant protein and plasmid 

DNA yields.       

The screening of several LAB strains was made in a previous study of the group to find a better 

candidate for plasmid replication with a high yield, high quality and low degradation rate. The 

transformation feasibility was analyzed by electroporation according to Holo and Ness (1989) 

modified to evaluate which strain delivered the highest yield and best quality pDNA. 

Transformation efficiency in one strain – Lactococcus lactis ssp. cremoris MG 1363 – was the 

highest among Lactococcus strains. However Lactococcus lactis LMG 19460 treated with 2% 

of glycine was capable to produce higher pDNA concentrations than the others strains 

evaluated. Among the Lactobacillus strains, L. plantarum CCUG 61730 showed the highest 

transformation efficiency.  Evidence from this work suggests that the more suitable candidates 

for plasmid production are L. lactis cremoris MG1363 and L. plantarum CCUG 61730. 
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Lipids are currently attracting attention due to their pharmaceutical and technological 

applications (1). However, oxidative stability is a main bottleneck in their utilization and 

application. Thus, this study proposes using Differential Scanning Calorimetry (DSC) technique 

under oxygen atmosphere as a predictive oxidation status tool, based on the Ozawa-Flynn-

Wall method by heating commercial oils at different rates and determining the Oxidation 

Induction Temperature (OIT) (2). The oxidation effective activation energy (Ea) and its kinetic 

parameters, such as the pre-exponential factor (A; i.e. frequency of molecules collisions) and 

the constant reaction rate (k) can also be calculated (3). Accordingly, olive oil (OL), coconut oil 

(CO), sunflower oil (SF) and petrolatum (PE) were subjected to dynamic studies performed in 

a temperature range of 20-350 °C at different heating rates (5, 10, 15 and 20 °C/min) using 50 

mL O2/min. OL, PE and CO presented the following OIT values: 206.2±8.9 °C, 204.5±6.8 °C 

and 221.6±6.3 °C, respectively. Interestingly, for SF, the OIT value was 184.9±8.7 °C, 

suggesting that it is oxidized at lower temperatures. In fact, both the kinetic pre-exponential 

factor (A=3.18x1010 min-1) and the calculated Ea (Ea=93.3 KJ/mol) for SF are in agreement 

with the obtained OIT value. Overall, according to the obtained results, DSC OIT is a fast and 

reliable method to measure parameters related to oxidative stability of lipophilic samples. The 

main achieved conclusion was that CO was more resistant to oxidation and therefore more 

stable than SF, OL and PE. 
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The Lactic Acid Bacteria (LAB) are a group of microorganisms relevant for their food-grade, 

Generally Recognized As Safe (GRAS) and as attractive hosts for Biotechnological 

applications. Recently, the genome sequence of Lactococcus lactis subsp. lactis LMG 19640 

has been determined by our research group. Currently, only two strains of L. lactis species 

have had their metabolic networks reconstructed: strains IL1403 and MG1363. However, these 

two M-models have been published more than a decade ago, suggesting that the time for their 

revision is past due. To fill in this knowledge gap, we propose updating the metabolic network 

of this reference LAB species with new pathways and review the annotation consistency of its 

components (metabolites, reactions and genes) using state of the art bioinformatics tools. A 

preliminary M-model for the L. lactis reference strain IL1403 was constructed based on all-

against-all amino acid sequence pairwise alignments made between the proteins encoded in 

this L. lactis strain and the proteins of seven bacterial model-organisms. The preliminary 

metabolic network of L. lactis IL1403 comprised 575 unique genes, 921 reactions and 639 

metabolites. It contained two distinct compartments, cytosol and the extracellular space. The 

comprised 718 reactions were associated to a GPR rule, 18 were non-enzymatic spontaneous 

reactions and 53 had no known gene. Functions made available by the COBRA Toolbox 

software suite were used to detect mass-imbalanced reactions, dead-end metabolites, network 

gaps, blocked reactions and stoichiometrically balanced cycles. Subsequently, the M-model of 

L. lactis IL1403 was used to infer the metabolism of strain LMG 19460. The preliminary 

metabolic network constructed for strain LMG 19460 comprised 570 genes, 916 reactions and 

638 metabolites. This M-model was identical to the reconstruction obtained for IL1403, with the 

exception of 1 metabolite, 5 reactions, and 5 metabolic genes for which no orthologous was 
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found in strain LMG 19460. Also, we have developed two in-house Databases (DB), Genome 

DB and Blast DB, focusing the Lactobacillales species. An additional DB, the 

Metabolite/Reaction DB, was also constructed compiling 155 published bacterial M-models. 

Presently, based on these 3 databases, we are using a pipeline to improve, expand and 

validate the M-models constructed for these two L. lactis strains. This study will allow obtaining 

a reviewed and updated model representing the metabolic network of the L. lactis species, 

opening the door to the production of metabolites requiring the use of microbial factories with 

a GRAS safety level. 
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and viruses 

 

Adelaide Almeida1, Lúcia Marciel1, Vera Sousa1, Patrícia Santos1, Ana Peixoto1, Graça P. M. 

S. Neves2, M. Amparo F. Faustino2 

1Department of Biology and CESAM, University of Aveiro, Aveiro, Portugal 

2 Department of Chemistry & QOPNA and LAQV-REQUIMTE, University of Aveiro, 3810-193 Aveiro, Portugal 

 

The approved disinfection techniques for blood derivatives promote, in general, damages in 

the blood components, representing risks for the transfusion receptor. Antimicrobial 

photodynamic therapy (aPDT) seems a promising approach for the photoinactivation of 

pathogens in blood, but only three photosensitizers (PSs) are approved; methylene blue (MB) 

for plasma and riboflavin and amotosalen for plasma and platelets. In this study, the efficiency 

of porphyrinic photosensitizers was studied in the photoinactivation of bacteria, fungi and 

viruses in plasma and in whole blood and the results were compared to the ones obtained with 

the already approved PS MB. The results show that porphyrinic photosensitizers are promising 

PSs to inactivate microorganisms in plasma. Although in whole blood the inactivation rates 

obtained were higher than the ones obtained with MB, further improvements are required. 

None of these PSs had promoted hemolysis at the isotonic conditions when hemolysis was 

evaluated in whole blood and after the addition of treated plasma with these PSs to 

concentrates of red blood cells. 
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Endodontic infections result from root canal system invasion by bacteria. Enterococci are major 

contributors for infection persistence due to their ability to form biofilms, being frequently 

resistant to intracanal irrigants. Considering that nanoparticles may decrease the bacterial load 

in endodontic infections, we used an ex vivo model of endodontic infection to evaluate the 

antimicrobial potential of a nano-magnesium oxide (MgO) solution.  

A collection of 54 single-rooted teeth was prepared and divided in 4 groups, and 10µl of an 

Enterococcus faecalis ATCC51299 bacterial suspension were inoculated inside each root 

canal (except for negative controls). After incubation, teeth were inoculated with antimicrobial 

solutions as follows: group 1- 5.25% NaOCl solution; group 2- 5 mg/L Nano-MgO solution; 

group 3-positive control; group 4–negative control. After incubation (37°C, 2 min), samples 

from each root canal were evaluated for bacterial growth after 24, 48 and 72h of incubation. 

Statistically significant differences were obtained between bacterial growth from teeth of groups 

1 and 2, with the nano-MgO solution showing a lower bactericidal efficacy compared to 

conventional irrigation with NaOCl. In conclusion, the nano-MgO application as a canal irrigant 

is not clinically recommended. Further research would be needed to evaluate its use in other 

endodontic treatment protocols. 
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Diabetic foot infections (DFIs) are a major complication of Diabetes mellitus, leading to 

nontraumatic limb amputations, frequently associated with increased morbidity and mortality in 

diabetic patients. The spread of multidrug-resistant bacteria and the increasing ineffectiveness 

of conventional antibiotics in eradicating DFIs justify the urgency to develop alternative 

treatments. Antimicrobial peptides (AMPs), as pexiganan and nisin, may complement 

conventional antibiotics in DFIs treatment. 

A collagen 3D model was used to evaluate the antibacterial efficacy of a pexiganan-nisin guar 

gum gel (dual-AMP biogel, with pexiganan at 256 µg/mL and nisin at 125 µg/mL) combined 

with the antibiotics gentamicin, clindamycin and vancomycin at 4760, 660 and 1062 µg/mL 

respectively, aiming to control Pseudomonas aeruginosa and Staphylococcus aureus DFI 

isolates. 

The combination of the dual-AMP biogel with each antibiotic showed increased antibacterial 

activity against P. aeruginosa when compared to biogel alone, although not achieving complete 

eradication. However, the dual-AMP biogel alone was able to eradicate S. aureus from all areas 

of the model, which was not achieved by any of the combinations with antibiotics. As such, the 

dual-AMP biogel combinations with gentamycin, clindamycin or vancomycin are not superior 

to the biogel alone in complete eradicating both P. aeruginosa and S. aureus from DFIs. 
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The incidence of infections by nontuberculous mycobacteria (NTM) is increasing worldwide [1]. 

NTM infections manifest primarily as pulmonary diseases that are extremely challenging to 

cure, due to the high toxicity and low effectiveness of available drugs. We are focused on 

finding new strategies to treat NTM infections [2]. However, the in vitro methods we have been 

using to assess the activity of new compounds take much time and resources and do not 

completely reflect the in vivo complexity of infection [3]. The highly lipidic cell wall of 

mycobacteria gives these species the ability to adhere to surfaces and form biofilms, allowing 

NTM to colonize the environment and the host, in a way that hampers the penetration and 

activity of antibiotics. Besides, depending on the species, mycobacterial biofilms form either in 

air-liquid interfaces inside the host or by adherence to multiple surfaces and tissues. The 

formation of granulomatous lesions is another hallmark of mycobacterial infections. Inside this 

mass of hematopoietic cells, which includes mononuclear phagocytes, dendritic cells and 

lymphocytes, coated with fibroblasts and collagen, bacteria evolve into a dormant state, 

critically contributing to chronicity and resistance to antibiotics [4]. 

Our aim is to develop new in vitro models that more closely mimic the conditions NTM 

experience in vivo, including biofilm and granuloma formation. We produced recombinant 

fluorescent and bioluminescent strains of M. avium (the most prevalent NTM worldwide) and 

M. abscessus (the most difficult NTM to treat) and will use them for high-throughput drug 

testing. Several biofilm production protocols are being developed in order to find the best 

performing model for each of the studied species and optimize it for high-throughput screening 

in a rapid and non-invasive way. We are also setting up 3D in vitro cultures to mimic 

granulomas, based on infection of peripheral blood mononuclear cells (PBMCs) with reporter 

NTM, supported by an extracellular matrix.  

With this work we expect to contribute to the establishment of optimized high-throughput-

adjustable models which will allow the testing of new antimycobacterial compounds in a reliable 



5.3 New approaches for disease control and treatment 

 

680 
 

and meaningful way, thus fostering the development of the so much needed new and effective 

drugs to treat NTM infections. 
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Over the last years, the global production and trade of kiwifruit have been severely affected by 

Pseudomonas syringae pv. actinidiae (Psa), a phytopathogen that causes bacterial canker in 

kiwifruit plants [1]. The most common treatments currently available include the spraying of 

orchards with disinfectants, copper-based bactericides and/or antibiotics [1]. However, these 

treatments should be avoided since they are highly toxic to the environment and promote 

bacterial resistance.  

Phage therapy may be an alternative approach to inactivate Psa [1]. This study aimed to 

compare Psa inactivation by three single phage suspensions (PSA-2T, PSA-6F and PSA-7F) 

and four cocktails (PSA-2T/PSA-6F, PSA-2T/PSA-7F, PSA-6F/PSA-7F and PSA-2T/PSA-

6F/PSA-7F) in order to evaluate their potential application in kiwifruit orchards. Since plants 

are exposed to different physical-chemical conditions, phage viability was also evaluated in 

different pH (5, 7 and 10) and temperatures (17, 25 and 40 ºC). Phage PSA-2T was more 

effective than phages PSA-6F and PSA-7F (reduction of 2.5 against 0.25 and 0.26 log colonies 

forming units (CFU/mL) after 4-12 h of incubation). The cocktails were more effective 

(reductions of 1.0-2.2 log CFU/mL) than the single suspensions of phages PSA-6F and PSA-

7F. However, phage PSA-2T was more effective than any cocktail. Phage viability was mostly 

affected by high temperatures [reduction of 1.3, 1.2 and 3.4 log plaque-forming units (PFU/mL) 

for phages PSA-2T, PSA-6F and PSA-7F after 72 h at 40 ºC, respectively] and lower pH 

(reduction of 1.2, 1.4 and 3.6 log PFU/mL for phages PSA-2T, PSA-6F and PSA-7F after 72 h 

at pH 5, respectively). These results suggest that both phage PSA-2T and phage cocktails can 

be used to control Psa infections and thus prevent and treat bacterial cancer in kiwifruit plants, 

avoiding plant losses. 
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Evidence proposes that alpha-synuclein (aSyn), a protein associated with synucleinopathies, 

self-propagates in a prion-like manner being released and taken up by neighboring cells. 

Endocytosis, is a retrograde cellular trafficking process in which molecules can enter cells and 

fuse with endosomes. The endosomes can also be part of another trafficking pathway, the 

anterograde multivesicular bodies (MVBs) pathway. Endosomal/MVB pathways produce small 

vesicles that are released to the extracellular milieu, one of the pathways reported to mediate 

aSyn release from cells. The exact role of endocytosis on the spread of aSyn during aging 

remains under exploitation. Using the well-recognized yeast model for synucleinopathies, we 

observed that, during aging, aSyn is released and up taken by naïve cells. To evaluate the 

impact of endocytosis in these nonautonomous mechanisms, we heterologous expressed 

aSyn in end3 cells, which have compromised endocytosis, and evaluate the propagation of 

aSyn. Data showed that inhibition of endocytosis blocks the secretion and uptake of aSyn, 

pointing towards a hypothetical link between endocytosis and cell-nonautonomous 

mechanisms involved in spread of aSyn during aging. 
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Nowadays, alternative sugars have an important role in food industry. However, little is known 

about their metabolism and how consumption may interfere with cellular fitness and aging. 

Cellular metabolism is intrinsically linked to cellular proliferation, aging and regulated cell death 

mechanisms, therefore, the substitution of glucose for alternative sugars may impact these 

processes. In this project, two alternative sugars were studied – sucralose and acessulfame 

potassium. To ascertain the effects of these sugars on aging, the yeast Saccharomyces 

cerevisiae was used as a biological model for the study of cellular aging. The impact of the 

different sugars on the growth and longevity was evaluated by spotting assay and chronological 

lifespan (CLS), respectively.  

Autophagy flux was evaluated,by western blot. Cell cycle and accumulation of reactive oxygen 

species (ROS) were assessed by flow cytometry. Data demonstrated that acesulfame 

potassium reduces fitness and CLS, through the increment of oxidative stress and cell death, 

when compared with glucose. In contrast, sucralose promotes enhances cellular fitness. This 

project contributes for the knowledge on the impact that alternative sugars might have on 

cellular longevity. 
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The emergence of antimicrobial resistance and the spread of drug-resistant pathogens 

continues to threaten our ability to treat common infections with antimicrobials such as 

antibiotics. Bacterial inactivation using bacteriophages (or phages) has emerged as an 

effective alternative to antibiotics for bacterial infections. However, since phages are host-

specific, it is essential to find the best performing phage or create phage cocktails rapidly. 

Besides, the screening methods currently used to evaluate the effectiveness of the phages to 

inactivate bacteria are not fast, reliable, or precise enough. The efficiency of bacterial 

inactivation by phages has been evaluated by monitoring bacterial concentration either by 

counting colony-forming units (CFU), a laborious and time-consuming method, or by monitoring 

the optical density (OD), a less sensitive method. In this study, the resazurin cell viability assay 

was used to monitor the viability of bacteria from different genera during the inactivation by 

different phages, and the results were compared with the standard methods used to assess 

bacterial inactivation. The results showed that the resazurin colorimetric cell viability assay 

produces similar results to the standard method of colony-counting and produces more 

sensitive results than the OD method. The resazurin assay can be used to quickly obtain the 

results of the cell viability effect profile using two different bacterial strains and several different 

phages at the same time, which is extremely valuable in screening studies. Moreover, this 

methodology is established as an effective, accurate and rapid method when compared to the 

ones widely used to monitor bacterial inactivation mediated by phages. 
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The recurrent use of antibiotics, including in animal production, significantly increases the 

emergence of multiresistant bacterial strains, resistant to conventional antibiotics.1 These 

bacteria are responsible for foodborne illnesses. Alternative approaches to antibiotics are 

needed to overcome this crucial health problem. Phages, viruses that only infect bacteria,2 

have demonstrated to be an effective strategy to inactivate bacteria, with promising results and 

producing fewer resistant mutants than the usual antibiotics.3,4 Hence, the main goal of this 

study was to inactivate Escherichia coli, an important foodborne pathogen, using phage 

therapy and thus improve food security. Available results demonstrate that Phage T4 was 

effective to inactivate E. coli, both in vitro and in food assays.  

In vitro, a bacterial inactivation of about 6 Log colony-forming unit per milliliter (CFU/mL) was 

obtained for different values of multiplicity of infection (MOI). The time at which the maximum 

inactivation occurs differs with the MOI, with earlier inactivation for a higher value of MOI. In 

food, namely in milk, a more complex matrix, a maximum inactivation of about 4 Log (CFU/mL) 

was obtained. Although more assays with different bacteria and phages in food must be done, 

phage treatment seems to be a promising approach for the inactivation of food pathogens. It 

is expected that the implementation of this eco-friendly methodology for foodborne pathogens 

inactivation will prevent infectious diseases that may arise from eating contaminated food and 

will improve food safety. 
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The decreased susceptibility of Neisseria gonorrhoeae (Ng) to extended spectrum 

cephalosporins has become an important public health issue. The inactivation of efflux pumps 

in antimicrobial resistant Ng isolates influences their susceptibility to many antimicrobials, 

including β-lactams and macrolides. The use of efflux inhibitors in combination with currently 

used antimicrobial agents has the potential to increase the intracellular concentration of these 

drugs, thus improving or restoring their activity in resistant strains. The most effective efflux 

inhibitors are those that interfere with energy metabolism, affecting several physiological 

processes including efflux. In a time when new drugs are urgently needed, cost-effective 

strategies to identify safe and effective efflux inhibitors should be implemented in drug 

discovery programs. In this study, we used in silico drug repurposing to find drugs that target 

membrane transporters and energy metabolism in Ng. 

A list of Ng proteins involved in energy metabolism and membrane transport was compiled 

using Uniprot and KEGG databases. Each protein was considered a potential drug target and 

used to interrogate publicly available databases that provide detailed information on drugs and 

their targets (“DrugBank” and “STITCH 5.0”). As a result, sequence similarity screenings 

predicted 100 Ng targets associated with 680 approved drugs. The functional regions of the 

approved drug targets and predicted Ng targets were compared using “The ConSurf Server” 

to estimate the conservation of active sites between proteins and the preservation of affinity 

for the potential Ng drugs. This analysis resulted in 30 potential Ng targets that are expected 

to interact with 57 approved drugs. Examples of these drugs are acetazolamide, atovaquone, 

dequalinium, doxorubicin, metformin, and thiabendazole that are predicted to target carbonic 

anhydrase, cytochrome B, multidrug efflux protein, NADH-dehydrogenase, flavoprotein-

ubiquinone oxidoreductase and succinate dehydrogenase, respectively. Preliminary data from 

in vitro assays showed that acetazolamide and atovaquone were able to reduce the minimum 

inhibitory concentration of several antibiotics against Ng reference strain and clinical isolates. 

In conclusion, this strategy identified drugs that are approved for a variety of indications, such 

as epilepsy, hypertension, diabetes and cancer that may be repurposed for the treatment of 

Ng infections. Further studies are required to evaluate the potential of these drugs to serve as 
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lead compounds for the development of new drugs against Ng. This work could help establish 

a new paradigm for the design of new drugs and therapeutic strategies to be used in the 

treatment of Ng infections. 
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Maria Bartolomeu1, Carlos J. P. Monteiro2, Milton Fontes3, M. Graça P. M. S. Neves2, M. Amparo F. 

Faustino2, Adelaide Almeida1 
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Wastewater (WW) containing pathogenic microorganisms (MO), pharmaceuticals, personal 

care products (PPCPs), and soluble microbial products (SMPs) is subject of great concern, 

due to the impact of these effluents on the quality of receiving waters. Traditional disinfection 

methods to reduce pathogens concentration (e.g., chlorination, ozonation, UV) are expensive, 

unsafe, and sometimes ineffective, highlighting the need for new technologies. The promising 

results of antimicrobial photodynamic therapy (aPDT) to eradicate MO suggests its effective 

application to improve WW quality. 

One of the aims of our work is to assess if the principles of aPDT can be successfully extended 

to real contexts namely for the microbial inactivation on WW. We have been performed 

experiments with different water matrices compositions to inquire about the influence of some 

of their physicochemical parameters in the effectiveness of microbial photodynamic 

inactivation. Results of bacterial photoinactivation in phosphate buffered saline (PBS), distilled 

water, tap water, well water, river water, swimming pool, wastewater, and aquaculture water, 

will be presented and discussed.  

 

Thanks are due to the University of Aveiro and FCT/MCT for the financial support for the LAQV-

REQUIMTE (UIDB/50006/2020) and CESAM ((UID/AMB/50017/2019 and UIDB/50017/ 2020 

+ UIDP/50017/2020) research units and to the FCT projects (PREVINE - FCT-PTDC/ASP-

PES/29576/ 2017), through national founds (OE) and, where applicable, co-financed by the 

FEDER - Operational Thematic Program for Competitiveness and 

Internationalization−COMPETE 2020, within the PT2020 Partnership Agreement, and to the 

Portuguese NMR Network. M.B. is thankful to the Fundação para a Ciência e a Tecnologia 

(FCT) for her Ph.D. Grant (SFRH/BD/121645/2016). 
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Quorum sensing (QS) is a cell–cell communication system that allows bacteria to adjust gene 

expression in response to population cell density [1]. Among the many processes controlled by 

QS are the expression of virulence factors by pathogenic bacteria and the biofilm formation. 

The development of novel therapies to control bacterial infections is one of the major 

challenges we are facing today. Given the complex regulation mechanisms of QS and the great 

variety of signal molecules and pathways involved, QS inhibitory agents have been deemed 

as novel anti-virulence approaches. 

In this study [2], an extract and a compound of bioinspired origin were tested for their ability to 

inhibit biofilm formation and affect the expression of QS-related genes in Pseudomonas 

aeruginosa and Staphylococcus aureus biofilms. The carboxypyranoanthocyanins red wine 

extract (carboxypyrano-ant extract), and the pure compound, carboxypyranocyanidin-3-O-

glucoside (carboxypyCy-3-glc), did not cause a visible effect on the biofilm formation of P. 

aeruginosa strains; however, both significantly affected the formation of biofilms by S. aureus 

strains (including MRSA isolates), as evidenced by the crystal violet assay and fluorescence 

microscopy. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) results 

revealed that both the extract and the pure compound could significantly interfere with the 

expression of several QS-related genes in P. aeruginosa and S. aureus biofilms. We could 

conclude that these molecules interfere with each specific bacterial QS at distinct stages and 

in a strain-specific manner. It could be advantageous to include an extract, which can be easily 

obtained and has anti-QS properties, in novel and broad antimicrobial therapeutic applications.  

 

References 
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CO is endogenously produced in humans and has several physiological roles such as 

signaling, vasodilatory, anti-apoptotic and anti-inflammatory properties[1]. Carbon monoxide 

releasing molecules (CORMs) are designed to release CO in a controlled and directed manner, 

which allows avoiding blood poisoning and thus constituting a safe alternative to utilization of 

CO gas. 

CORMs also have antimicrobial properties with capacity to kill human pathogens, such as 

Escherichia coli, Helicobacter pylori, Pseudomonas aeruginosa and Plasmodium species[2–

6].  However, so far, the amounts required are too high to be usable. Therefore, we produced 

conjugated CORMs that combine the CORM molecule with a known antibiotic, and analysed 

its antimicrobial properties. We observed that these compounds are more effective against E. 

coli, S. aureus and Plasmodium species. The intracellular release of CO was demonstrated by 

using a turn-on fluorescent probe COP-1. Insights on the mode of action of these conjugated 

CORMs will be presented. 

 

1.  Mendes, S.S.; Miranda, V.; Saraiva, L.M. Hydrogen Sulfide and Carbon Monoxide Tolerance in 

Bacteria. Antioxidants 2021, 10, doi:10.3390/antiox10050729. 

2.  Nobre, L.S.; Seixas, J.D.; Romão, C.C.; Saraiva, L.M. Antimicrobial Action of Carbon Monoxide-

Releasing Compounds. Antimicrob. Agents Chemother. 2007, 51, 4303–4307, doi:10.1128/AAC.00802-

07. 

3.  Nobre, L.S.; Al-Shahrour, F.; Dopazo, J.; Saraiva, L.M. Exploring the Antimicrobial Action of a 

Carbon Monoxide-Releasing Compound through Whole-Genome Transcription Profiling of Escherichia 

Coli. Microbiology 2009, 155, 813–824, doi:10.1099/mic.0.023911-0. 

4.  Tavares, A.F.; Parente, M.R.; Justino, M.C.; Oleastro, M.; Nobre, L.S.; Saraiva, L.M. The 

Bactericidal Activity of Carbon Monoxide-Releasing Molecules against Helicobacter Pylori. PLoS One 

2013, 8, doi:10.1371/journal.pone.0083157. 

5.  Tavares, A.F.N.; Nobre, L.S.; Saraiva, L.M. A Role for Reactive Oxygen Species in the 

Antibacterial Properties of Carbon Monoxide-Releasing Molecules. FEMS Microbiol. Lett. 2012, 336, 1–

10, doi:10.1111/j.1574-6968.2012.02633.x. 
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The risk of the emergence of new variants of SARS-CoV-2 and new pandemics, along with the 

growing problem of multidrug-resistant microorganisms, makes the development of new and 

better disinfection methods necessary. 

Objectives: Evaluate the effectiveness of the disinfectant VIRCOV BAC 360® from Inokem 

aerosolized by a three nozzles ultrasonic nebulizer cabinet from Dynasys, to provide an 

effective method for disinfecting clothing and footwear. 

Methods: The following microbiological indicators were used: Bacillus atrophaeus spores, 

Escherichia phage lambda bacteriophage, Escherichia coli, Staphylococcus aureus, 

Pseudomonas aeruginosa, and Bacillus subtilis. 

Results: Shoe disinfection by disinfectant nebulization at a 1:3 dilution into a 0.08 m3 cabinet 

allowed a log10 reduction greater than 5 for E. coli and S. aureus and less than 1 for B. 

atrophaeus spores and Escherichia phage lambda. Under the same conditions, the disinfection 

of a folded towel resulted in a log10 reduction greater than 5 for Escherichia phage lambda and 

S. aureus and less than 1 for B. atrophaeus spores and E. coli. Finally, fabric disinfection by 

disinfectant nebulization at the same dilution into 0.58 m3 NovirBox prototype cabinet resulted 

in a log10 reduction greater than 3 for Escherichia phage lambda, P. aeruginosa, and B. subtilis, 

less than 3 for S. aureus, and less than 2 for B. atrophaeus spores and E. coli. 

Conclusions: According to the U.S. Pharmacopeia, a disinfection process is effective if it allows 

a log10 reduction of at least 2 for bacterial spores and 3 for vegetative cells. Thus, although 

disinfection is not efficient for all microbiological indicators tested, it was found that with the 

shoe the disinfection was efficient for E. coli and S. aureus and with the folded towel the 

disinfection was efficient for Escherichia phage lambda and S. aureus. In turn, in the 0.58 m3 

NovirBox prototype cabinet the disinfection was efficient for Escherichia phage lambda, P. 

aeruginosa and B. subtilis. 

Significance/Impact of the work: Manually executed disinfection processes are operator-

dependent and prone to failure. On the other hand, automatic disinfection using ultraviolet 
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radiation is not efficient on porous surfaces such as clothing and footwear. For this reason, an 

alternative is the ultrasonic disinfectant nebulization, which is an easy-to-use automatic 

process that, owing to the small size of the aerosol particles generated, has a high penetration 

into contaminated areas. Thus, although the disinfection process can still be improved, the high 

potential of the ultrasonic nebulizer cabinet for disinfecting textiles and footwear is evident. 

 

Acknowledgements: This work was funded by Fundo Social Europeu (FSE) through the Programa Operacional 

Centro 2020, domínio Temático da Competitividade e Emprego, under the operation CENTRO-04-3559-FSE-

000142. 

 

 

Figure 1 - NovirBox prototype cabinet from Dynasys with the following dimensions: 1600 mm × 600 mm × 600 

mm (0.58 m3). 
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Mycobacterium ulcerans is the pathogenic agent of Buruli ulcer, a neglected emerging 

infectious disease characterized by dermo-necrotic ulcers with undermined edges. If not 

treated, patients are often left with devastating disfigurations and functional disabilities. 

Treatment varies from antibiotherapy for early presentations, to a combination of antibiotics 

and extensive grafting surgeries for severe ulcers. The current antibiotic regimen includes daily 

administration of the anti-tuberculous antibiotics, rifampicin and streptomycin/clarithromycin, 

for a period of 8-12 weeks. Although effective for early lesions, this regimen is limited by the 

prolonged duration of the treatment and the associated side effects, which leads to low 

compliance. New drug candidates with a more effective and safer pharmacological spectrum 

are needed, that could either be used as adjuvants to the current therapy or completely replace 

one of the used antibiotics.  

Statins are lipid-lowering drugs broadly used for dyslipidaemia treatment but have also been 

described as having antimicrobial activity for fungi, parasites and bacteria. In that sense, we 

have tested M. ulcerans susceptibility to several statins, namely, atorvastatin, simvastatin, 

lovastatin and fluvastatin. Using broth microdilution and cell viability assays, we found that 

statins such as atorvastatin, simvastatin, fluvastatin show antimicrobial activity against M. 

ulcerans. To evaluate the in vitro interactions between statins and the currently used drugs for 

Buruli ulcer treatment, the checkerboard assay method was performed. Results revealed that 

the addition of statins to rifampicin or streptomycin did not affect antibiotic efficacy, and some 

statin-antibiotic combinations even had an additive effect. 

In conclusion, statins could be used as potential candidates for the treatment of Buruli ulcer; 

however, further studies are still needed to validate effectiveness and determine probable 

mechanisms of action of these drugs against M. ulcerans. 
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The spread of antimicrobial resistance is one of the challenges of the 21st century. Resistance 

to antimicrobial agents has a rising tendency, reaching dangerously high levels worldwide, 

threatening the treatment, as well as effective prevention of common infectious diseases 

casting a severe health crisis problem. 

The aim of this study was to characterize a novel commercial surface antimicrobial coating. For 

that, its antimicrobial efficacy, killing contact time and durability on three different surfaces - 

polyvinyl chloride (PVC), glass and stainless steel - against three pathogens - Escherichia coli 

ATCC 25922, Acinetobacter baumanni ESB260 and Listeria monocytogenes Scott A - were 

tested according to the current antimicrobial treated surfaces efficacy test (ISO22196:2011). Its 

cytotoxicity was also evaluated to measure the metabolic activity of human colon 

adenocarcinoma Caco-2 cells after contact with residual concentrations of coating (simulating 

cross-contamination between surfaces and food). The antimicrobial coating proved to be 

effective against all the pathogens used, with > 5.0 log CFU/cm2 reductions in less than one 

minute for the three surfaces. In addition, the compound was not cytotoxic to Caco-2 cells at 

residual concentrations and its durability was less than one week on all the surfaces. 

 Although promising, the preliminary results obtained in this study need to be complemented, 

extending the study to more pathogens and surfaces. Also, the efficacy of this antimicrobial 

coating when the pathogens are incorporated within a food matrix as well as their possible 

acquired antimicrobial resistance should be the focus of further studies. 
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Staphylococcus aureus is an opportunistic pathogen with high capacity to adapt to different 

environments, causing a significant number of infections in hospitals and in the community, 

with high mortality and morbidity rates. Therefore, efficient methods are needed to detect S. 

aureus infections, allowing for targeted treatment, and avoiding the misuse of antibiotics. We 

aim to develop a lysostaphin-based biosensor to specifically detect S. aureus in clinical 

samples.  

The peptidoglycan hydrolase lysostaphin includes a cell-wall targeting domain and a catalytic 

domain, which interact with S. aureus peptidoglycan. We constructed and overexpressed 

lysostaphin recombinant domains and analyzed their capacity to bind to peptidoglycan of 

different bacteria pathogenic to human.  

The catalytic domain associated to a terminal cysteine (Cat-Cys) showed improved properties 

in cell-wall binding assays. The Cat-Cys protein was able to bind to S. aureus but not to 

Escherichia coli or Staphylococcus haemolyticus, also associated with human infections. A 

biosensor prototype was assembled, by immobilizing Cat-Cys protein on a solid support and 

detection was performed using a nematic liquid crystal (5CB) and a polarized optical 

microscope.  

The prototype allowed to differentiate S. aureus from E. coli and S. epidermidis, showing the 

biosensor’s potential to detect S. aureus. Future work will determine the specificity of the 

biosensor towards other species and assess its use in clinical practice. 

 

This work was financed by national funds from FCT - Fundação para a Ciência e a Tecnologia, I.P., in the scope 

of project UIDP/04378/2020 and UIDB/04378/2020 of the Research Unit on Applied Molecular Biosciences – 

UCIBIO project LA/P/0140/2020 of the Associate Laboratory Institute for Health and Bioeconomy - i4HB and 

project UID/CTM/50025/2020 of the Research Unit CENIMAT – I3N. Projects LISBOA-01- 0145-FEDER007660 

(Microbiologia Molecular, Estrutural e Celular) and UID/Multi/04378/2019 funded by FEDER funds through 
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The investigation of marine natural products (MNPs) as vital resources for the discovery of 

drugs to mitigate the COVID-19 pandemic is a developing field, e.g. the anti-tumor drug 

Aplidin® (plitidepsin, PharmaMar) revealed higher effect against SARS-CoV-2, beginning 

Phase II clinical trials for COVID-19 treatment. In the current work, Computer-Aided Drug 

Design (CADD) methodology comprising ligand- and structure-based methods were explored 

for predicting SARS-CoV-2 main protease (Mpro) inhibitors [1], Figure 1.  

 

 

 

Figure 1. Overview of the implemented SARS-CoV-2 Mpro CADD methodology. 

 

The CADD ligand-based method used a quantitative structure–activity relationship (QSAR) 

classification model that was built using 5,276 organic molecules extracted from the ChEMBL 

database with SARS-CoV-2 screening data. The best QSAR model was used for a virtual 

screening campaign using 11,162 MNPs retrieved from the Reaxys® database, 7 in-house 

MNPs obtained from marine-derived actinomycetes by the team, and 14 MNPs that are in the 

clinical pipeline. All the MNPs from the virtual screening libraries that were predicted as active 

were selected for the CADD structure-based method. In the CADD structure-based approach, 

the 494 MNPs selected by the QSAR approach were screened by molecular docking against 
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Mpro enzyme. A list of virtual screening hits comprising fifteen MNPs was assented based on 

some established limits, such as: confidence value, probability of being active against SARS-

CoV-2 in the best model, prediction of the affinity between the selected MNPs and Mpro through 

molecular docking. Five MNPs, a benzo[f]pyrano[4,3-b]chromene, notoamide I, emindole SB 

beta-mannoside, and two bromoindole derivatives were proposed as the most promise marine 

drug-like leads for SARS-CoV-2 Mpro inhibition [1]. 

[1] Gaudêncio, S.P.; Pereira, F. A Computer-Aided Drug Design Approach to Predict Marine Drug-Like Leads for 

SARS-CoV-2 Main Protease Inhibition. Mar. Drugs 2020, 18, doi:10.3390/md18120633. 
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Pseudomonas syringae pv. actinidiae (Psa) is the causal agent of bacterial canker in kiwifruit 

(Actinidia deliciosa), leading to severe symptoms in plants and consequent considerable 

production and financial losses. Current methods for controlling this disease rely on the use of 

copper-based products and, in countries outside the European Union, in the use of antibiotics. 

These products, besides being considered phytotoxic, can lead to the spread of resistance to 

both copper and antibiotics. With the increasing need to obtain safe and effective biocontrol 

strategies against this pathogen, this study focused on the isolation and characterization of 

(bacterio)phages for the control of Psa.  A collection of Psa strains and phages were isolated 

from branches, buds, leaves, petals, sepals, and stamens from kiwifruit plants in orchards in 

the North of Portugal. Phages were isolated using the enrichment procedure with Psa strains 

CFBP 7286 and P84 as possible hosts, and the lytic spectra of 6 selected phages were tested 

against the Psa collection. Three phages displaying broader host ranges (between 90 to 97% 

of efficacy among Psa strains) were selected for further analysis. Phage stability was studied 

at different temperatures (-20º to 60ºC), pH (1-13) and UV light, and it was observed that the 

three phages were stable between -20ºC and 50ºC, pH range of 3 to 11 and UV light at 366 

nm up to 180 min. The morphological characterization of phages was done by Transmission 

Electron Microscopy and the genome sequencing of these phages is ongoing.  In vitro efficacy 

assays showed that phage 177T was able to reduce the number of CFUs after 4h of inoculation 

and keeping the bacterial load at low levels for up to 24h post-infection with MOI=1. In vitro 

efficacy tests were also carried out on kiwi leaf discs, and it was possible to detect a reduction 

in the bacterial load of Psa.  

Altogether, our results clearly highlight the potential of phages as promising biocontrol agents 

against Psa, that could be used in the future to replace copper compounds and antibiotics.This 

work was supported by the GesPSA Kiwi: GesPSA Kiwi-Ferramenta Operacional para gestão 
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Objectives: Probiotics are defined as “live microorganisms that, when administered in adequate 

amounts, confer a health benefit on the host” [1]. Among those, Akkermansia muciniphila is 

one of the most promising candidates proposed as a next generation probiotic. This 

commensal bacterium has a high potential to be incorporated into foods or pharmaceutical 

formulations, due to its demonstrated relevant biological effects in several metabolic conditions 

[2, 3]. For its commercialisation as a probiotic, A. muciniphila must be successfully incorporated 

into a deliverable formulation. However, its anaerobic nature becomes important to develop a 

matrix that can confer them protection during the usually aerobic storage [4]. Among the 

several encapsulation methodologies, spray-drying is one of the most popular due to appealing 

characteristics in terms of operation, scale-up, costs and efficiency [5]. 

The present work aims to i) establish a suitable procedure to encapsulate A. muciniphila DSM 

22959 using a spray-dryer, without prior encapsulation treatments, by optimizing the spray-

drying settings and matrices; and ii) evaluate spray-dried A. muciniphila viability during storage 

under aerobic conditions at different temperatures. 

Results: The most suitable matrix for A. muciniphila encapsulation by spray-drying was skim 

milk. Adequate conditions for spray-drying processing were established, considering inlet and 

outlet temperatures, to ensure maximum viability upon processing. Skim milk encapsulated A. 

muciniphila cells also showed high stability during storage for 30 days, under aerobic 

conditions, both at 22 oC and, specially, at 4 oC. 

Conclusions: Spray-drying seems to be a promising technique to encapsulate A. muciniphila, 

particularly using skim milk as encapsulating matrix, ensuring bacterial cells viability (above 

the minimum required threshold) up to one month under common shelf-life conditions.  

Significance/Impact of the work: This work presents spray-drying using skim milk matrix as a 

technological solution for delivering the probiotic strain A. muciniphila and this formulation 

could be promising therapeutic/prevention option in metabolic disorders. Furthermore, this 
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strategy can possibly be extended to other next-generation probiotics and facilitate the 

incorporation of such probiotic bacteria into food bases, suitable for human consumption. 
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The production of chestnut (Castanea sativa) in the Minho region of Portugal assumes high 

economic expression. However, chestnut yield and quality is being affected by the presence 

of chestnut moth (Cydia splendana Hübner). Beauveria bassiana, is a well-studied 

entomopathogenic fungus with excellent efficacy throughout the world against major pests of 

cotton, vegetables, ornamentals, and turf. The activity of Beauveria bassiana establishes as a 

contact material in which the fungus conidia attaches to the insect´s cuticle, using the insect 

for nutrition and growth resulting in the insect's death. It´s biological activity is expressed over 

a period of time and expression of death is variable depending upon the attacked species. 

Previously in vitro studies showed the high capacity of B. bassiana to infect and kill C. 

splendana larvae. To evaluate the efficacy of B. bassiana as a biological control agent against 

the chestnut moth, under climatic conditions in chestnut groves in the Minho region, pot trials 

were installed using the biopesticide "NATURALIS" (B. bassiana strain ATCC 74040/ 2.3 x1010 

viable spores/ml). Two concentrations (5x107 spores/ml and 108 spores/ml) of B. bassiana and 

sterile distilled water as a negative control were evaluated. For each treatment and for each 

observation date, 3 replicates and 10 larvae (L4/L5) of C. splendana per pot (4 liter capacity) 

were used. The pots were kept under natural climatic conditions in a chestnut grove in the 

Minho region, from November 2020 to September 2021. The infection of C. splendana larvae 

by B. bassiana and the mortality rate was evaluated periodically over 10 months. B. bassiana 

was re-isolated from both death larvae and the soil, and identified by phenotypic (Biolog 

system) and molecular methods.  

The results confirmed the infectious capacity of B. bassiana over 6 months and its survival in 

the soil, in the absence of the host, indicating the high potential of this entomopathogenic 

fungus as a biological control agent against the chestnut moth under field conditions. 

This work was supported by BioPest-“Estratégias integradas de luta contra pragas-chave em 

espécies de frutos secos”. Project PDR2020-101-030960. PDR 2020-Programa de 

Desenvolvimento Rural.  
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Parkinson's Disease (PD) is the second most prevalent neurodegenerative disease and is 

related to the protein α-synuclein (αsyn), the main component of proteinaceous inclusions 

known as Lewy bodies (LBs), the typical pathological hallmark of PD. Phytocannabinoids are 

used legally or illegally by PD patients worldwide. In general, the effects of phytocannabinoids 

on PD appear to be protective either by binding to the CB1 receptor or CB2. Synthetic 

cannabinoids are the most consumed class of Novel Psychoactive substances and are sold as 

safe and legal alternatives to cannabis. Despite their increasing use, there is a lack of 

knowledge on its toxic effects. In fact, some of the substances seem to have stronger 

toxicological effects when compared to their legal counterpart. Toxicological assays are 

paramount to know how harmful these new substances are, helping increase public awareness 

since several hospitalization cases have been reported due to consumption.  

Here we used a well described yeast model of PD to understand the protective or toxic role of 

synthetic cannabinoids consumption in PD. In this model, αsyn is overexpressed in fusion with 

GFP, leading to its aggregation and toxicity. When treated with synthetic cannabinoids (JWH-

018, THJ-018, EG-018 and SGT-151), increased αsyn toxicity is observed as growth curves 

present decreased final biomass. Moreover, JWH-018 treatment led to increased αsyn protein 

levels (assessed by western blot) and increased formation of αsyn-GFP inclusions. We are 

exploring if this effect is due to the dysregulation of αsyn clearance by autophagy or 

proteasome in the presence of the compound. As far as we know, this is the first approach to 

study the effect of synthetic cannabinoids in PD as well as its molecular mechanisms. 
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Hepatotropic pathogens represent an immense healthcare burden with major social and 

economic impact, Hepatitis C virus (HCV) being one of the most life-threatening. HCV chronic 

infection affects 71 million people worldwide with approximately 399 000 deaths per year, 

mostly from cirrhosis and hepatocellular carcinoma. Current treatment consists of pan-

genotypic direct-acting antivirals (DAAs), but it is widely agreed that a vaccine is required to 

eradicate this virus.  

The lack of competent in vitro hepatic cell models has hampered the study of HCV and 

consequently the development of new therapies. The main limitation of available models is the 

absence of hepatic features and functions allowing for wild type virus entry and infection 

progression. Thus, new models accurately mimicking the in vivo phenotype are needed. This 

work reports the development of highly competent hepatic cell lines through immortalization of 

primary human hepatocytes (PHH), while identifying factors that contribute to an improved 

primary-like hepatic phenotype.  

Based on a preliminary screening of 8 promoters, three immortalization libraries were 

constructed comprised by six viral and four cellular immortalization genes under the control of 

three chosen promoters. PHH derived from three different donors were randomly transduced 

with equal load of each immortalization gene from each of the libraries. This high biological 

diversity will enable to dissect determinants leading to the generation of infection competent 

cells and to identify key factors underlying the hepatic primary-like phenotype.  

A total of 49 clones was obtained with this strategy. Clone characterization revealed that only 

four genes were able to lead to immortalization, with an average of three immortalization genes 

per clone, depending on the donor and promoter. Further studies are being conducted to 

assess hepatic physiology and functionality by measuring albumin and urea secretion as well 

as expression of key hepatic markers. Additionally, an HCV replicon tagged with a GFP 

reporter was established and validated. This replicon will be used to challenge the clones 

obtained and serve as a probe to identify cells permissiveness to infection.  
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This work enabled the establishment of new human hepatic cell lines, currently being 

characterized for their ability to support HCV entry and infection progression, that ultimately 

may assist drug or vaccine development against this and other hepatotropic pathogens.  
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proper strategy for detailed antimicrobial activity analysis 
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Nowadays, microbial infections and resistance to antibiotic drugs have been the biggest 

challenges, which threaten the health of societies. Due to several pharmacological activities 

associated with artichoke (Cynara cardunculus), such as hepatoprotective, antioxidative, 

anticarcinogenic, hypocholesterolemic, antibacterial, anti-HIV, among others [1-3], aqueous 

and organic extracts from seeds, sheets and flowers were tested in two bacteria species: 

Escherichia coli, Gram (-) and Bacilus subtilis, Gram (+). The sensibility of the Mid-infrared 

(MIR) spectroscopy allowed to perform a detailed analysis of the antimicrobial action of extracts 

in terms of their biomolecular changes. A comparative model based on several commercial 

antibiotics such as metronidazole, kanamycin, clarithromycin, chloramphenicol, and ampicillin 

was used. This study pretends to recognize the biomolecular signatures pattern in the training 

step and, consequently, to predict the extracts that present a specific antimicrobial effect.  

The clustering analysis of large experimental data was performed using unsupervised 

algorithms such as a Hierarchical Clustering Analysis (HCA), Principal Component Analysis 

(PCA), and Kohonen Self-Organizing Maps (SOM), considered one of the most reliable 

clustering methods [4]. The samples of plant extracts then clustered with antibiotics, presented 

a promissory antimicrobial action being confirmed by Petri dishes assays. The selected 

samples according to their biochemical nature allowed to development of the classification 

model using the Counter-Propagation-Artificial Neural Network (CPANN). The preliminary 

CPANN model developed for B. subtilis is characterized by a non-error (NER) value of 87% 

and an accuracy of 87%, for testing samples, while the model developed for E. coli, is 

characterized by a NER, 82%, and the accuracy for test samples was 80%. In terms of the 

mailto:pedro.sampaio@ulusofona.pt
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sensitivity, specificity, and accuracy for training, validation, and testing procedure the results 

obtained are very promising for this strategy. According to this preliminary result, it is possible 

to use the MIR spectroscopy and Artificial Neural Network algorithm to recognize the 

promissory molecular profiles between different plant extracts, highlighting the biomolecules 

characterized by antimicrobial properties, allowing to develop a platform to discover new 

bioactive molecules, reducing time and costs related to the drug exploratory step. 
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