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0001 Systems metabolic engineering of microorganisms for the production of chemicals and
materials from renewable resources

Sang Yup Lee!

1KAIST, Chemical and Biomolecular Engineering, Daejeon, Korea, Rep. of South

Background: Bio-based production of chemicals and materials from renewable non-food biomass is
becoming increasingly important.

Objectives: To efficiently construct microbial cell factories, it is important to perform systems
metabolic engineering that integrates traditional metabolic engineering with systems biology,
synthetic biology, and evolutionary engineering.

Methods: Systems metabolic engineering startegies were developed and employed for the
development of microbial strains capable of efficiently producing various chemicals and materials.

Results: Microbial strains developed for the production of dicarboxylic acids, diamines, aromatic
compounds, polymers, and natural compounds will be presented with focuses given on systems
metabolic engineering strategies employed.



0002 The bacterial pathogen Listeria monocytogenes: a multifaceted model
Pascale Cossart?

Institut Pasteur, Cell Biology and Infection, Paris, France

Intracellular pathogens are still responsible for many important public health problems. Their study
as for extracellular pathogens allows to generate new tools for diagnostic, treatment or vaccines. But
their intracellularity provides means to tackle host cell-specific mechanisms including signaling
pathways, metabolism, cytoskeleton plasticity and many other aspects. Since 1986, how the
intracellular bacterium Listeria monocytogenes survives in the environment and behaves during
infection is the object of intense investigation. This bacterium is still responsible for severe food
borne infections leading to gastroenteritis, meningitis and abortions, with a mortality rate of 30%.
The recent epidemics in South Africa with ca. 200 deaths has demonstrated that epidemics can still
occur and lead to an important number of deaths. The capacity of Listeria to produce an infection is
due to its ability to cross three tight host body barriers: the intestinal barrier, the blood brain barrier,
and the placental barrier. An arsenal of « virulence factors » allows Listeria to survive and persist in
the intestinal lumen, to enter into cells and disseminate in the various tissues that it infects,
exploiting cellular signaling pathways and components to its own profit. The talk will illustrate how
investigating these various aspects have led to new concepts and changes in paradigms in several
areas of biology. We will also present recent data, such as the interaction of Listeria with the gut
microbiome and the role of several bacteriocins.



0003 Resource tracking and trade across complex symbiotic networks

Toby Kiers!

Vrije Universiteit Amsterdam, Ecological Science, Amsterdam, Netherlands

Background: The arbuscular mycorrhizal symbiosis is characterized by complex underground
networks of plants and fungi trading resources. While it has been shown that both fungal and plant
individuals are able to preferentially allocate resources to higher quality partners, the trade dynamics
governing these underground markets are unknown.

Objectives: How do hosts maintain cooperation with the most beneficial fungal symbionts over the
course of evolution? How do fungi choose the most beneficial hosts? Adaptations that allow
individuals to discriminate among partners based on actual symbiotic performance help promote the
persistence of cooperation, and allow organisms to negotiate conditions of trade across complex
networks.

Methods: My lab develops tools to visualize, track and quantify symbiotic trade over space and time.
Our newest research tool utilizes high resolution imaging and video to track quantum-dot tagged
nutrients across fungal networks and into host roots.

Results: Ultimately, we are interested in predicting how and when cooperation is favored to evolve
across diverse symbiotic partnerships.



0004 The leaf microbiota: disassembling and rebuilding to explore plant microbe interactions
Julia Vorholt?

1ETH Zurich, Institute of Microbiology, Zurich, Switzerland

Background: The aerial parts of the plants, which are dominated by leaves, represent one of the
largest terrestrial habitats for microorganisms. There is a growing interest to study commensal
bacteria to elucidate their interactions with the plants, among each other and to learn how they
withstand the hostile conditions of their habitat. Metagenomics and metaproteomics approaches
gave insights into the community composition and general bacterial adaptation strategies to the
phyllosphere.

Objectives: We conducted large-scale experiments to isolate Arabidopsis thaliana leaf bacteria as
pure cultures to construct synthetic community experiments under gnotobiotic conditions.

Methods: Individual plants as well as individual leaves were sampled at different European sites to
determine their core leaf community and to establish a reference strain collection using flow
cytometry and dilution series plating. A representative strain collection covering the majority of
species living in the phyllosphere of A. thaliana was established and draft genomes of all selected
isolates (>200) were generated.

Results: Recolonization experiments using synthetic communities in a gnotobiotic model system
showed reproducible colonization patterns and represent a valuable starting point to identify
mechanisms of community formation and function. Examination of plant responses to its microbiota
revealed that the plant reacts differently to members of its natural phyllosphere microbiota. A subset
of commensals increase expression of defense-related genes and thereby contribute to plant health
and performance.



0005 Plants as holobionts: New understandings, new opportunities

Philippe Vandenkoornhuyse*

IUniversity of Rennes 1, CNRS, UMRG6553 Ecosystems Biodiversity Evolution, Rennes, France

Animal and plants have been for a long time considered as standalone entities. However, animals
and plants have never been alone. Research on microbiota have highlighted a common trend for
both animals and plants, the tremendous importance of the symbiotic compartment on their host
fitness.

From this knwoledge, a more holistic perception of what is a plant (or an animal) is necessary and the
concepts of holobiont and hologenome have emerged allowing to rethink the individuality. The
holobiont includes the host and its symbiotic compartment wathever the level of cooperation (i.e.
from negative to positive interactions). The hologenome theory of evolution has been debeted
mostly because of the limited number of studies focusing on the microbiota heritability.

For plants, proofs of transmission of a fraction of the host microbiota from a generation to the next
are now available. This transmission can be vertical (i.e. from mother plant to seeds or to clones)
or/and pseudo-vertical.

During the presentation | will develop from recently published papers how this holistic perception of
plants viewed as holobionts is changing our understandings of plant fitness. | will discuss the
microorganisms recruitment and transmission to the next generation and will discuss the
consequences in terms of evolution.

New ideas are emerging from the concept of holobiont which could deeply change our
understandings from which opportunities are raising for the next agriculture notably.



0006 Exercising influences: Distinct biotic interactions shape plant microbiomes

Sarah Lebeis?, Sarah Stuart Chewning?, David Grant?, Bridget O'Banion?, Katherine Moccia?, Andrew
Willemst?

LUniversity of Tennessee, Knoxville, United States
2Yerkes National Primate Research Center, Atlanta, United States

Background: While soils are an extremely diverse microbial environment, only a select and
consistent set of microbial taxa colonize the endophytic compartment (EC) of roots, indicating that
transition by microbes from life in the soil to the EC requires passing several levels of selection.

Objectives: Our studies explore microbial activities that facilitate robust colonization and selective
pressures applied by either the host and established microbiota to gate subsequent root microbiome
membership.

Methods: We use a large collection of bacterial isolates to build a synthetic community composed of
a well-defined mixture of bacterial root isolates to inoculate several plant genotypes and nutrient
levels. Genome comparisons of these bacteria uncovered common activities associated with robust
colonizers of the root microbiome. Specifically, we use Streptomyces and Pantoea strains, which
while low in relative abundance, are commonly found in many root systems.

Results: We reveal how their metabolic prowess directs the ability of Streptomyces to colonize
Arabidopsis thaliana roots, as well as potentially influence abundance of other members of the root
microbiome. In Medicago sativa, we investigate how the concentration of nutrients provided to
plants correlates with the level of colonization of a non-pathogenic Pantoea strain. Further, we also
determine the ability of this Pantoea to outcompete other bacterial isolates in a synthetic community
in plants grown in varying levels of nitrogen concentration. Together, these studies allow us to begin
to define the intersection of plant-microbe, microbe-microbe, and plant-environment interactions to
result in community assembly and therefore function.



0007 Defining the host genetic control of the rhizosphere bacterial microbiota

Carmen Escudero Martinez!, Rodrigo Alegria Terrazas?!, Senga Robertson-Albertyn?, Rajiv Sharma?,
Davide Bulgarelli*

LUniversity of Dundee, Plant Sciences, Dundee, United Kingdom

Background: My group uses barley (Hordeum vulgare) as a model to gain novel insights into the
genetic basis of plant-microbiota interactions in the rhizosphere. We previously demonstrated that
Elite varieties and wild barley ancestors host distinct microbiotas, possibly representing a footprint of
plant domestication on the microbial communities inhabiting the rhizosphere.

Objectives: We recently extended this line of investigation by characterising the microbiota of a bi-
parental population between an elite variety and a wild barley ancestor with the aim of identifying
host genes regulating plant-microbe interactions in the rhizosphere

Methods: By combining 16S rRNA gene sequencing profiles, as ‘quantitative traits’, with thousands
of SNPs in the barley genome we compiled a map of the plant loci shaping the rhizosphere
microbiota.

Results: Strikingly, we did not observe a linear relationship between number of loci and bacteria
putatively controlled by them. Rather, our data suggest that microbial community assembly in the
barley rhizosphere is controlled by a few major alleles with a major effect. In particular, we identified
a single locus on barley chromosome 3H significantly associated with the recruitment of nine,
phylogenetically unrelated, bacteria. Here | will discuss the experiments that led us to these
discoveries and their implications for basic and applied science.



0008 Microbiomes of hypersaline soils and salterns assessed by metagenomics

Antonio Ventosa?!, Blanca Vera-Gargallo?, Ana Duran-Viseras!, Rafael R. de la Haba?, Cristina Sanchez-

Porro?

IMicrobiology and Parasitology, Sevilla, Spain

Background: Hypersaline habitats are extreme environments that have been widely used for
microbiological studies. Besides their high salts content, other physicochemical features may limit
the presence of microorganisms, such as temperature, pH, oxygen availability, pressure, etc... Thus,
the microbes adapted to these habitats must cope with several factors and are considered as poly-
extremophiles. They are represented by prokaryotes (archaea and bacteria) and some eukaryotes
(protists and fungi).

Objectives: We will describe the prokaryotic microbial diversity of hypersaline habitats on the basis
of metagenomic studies and very especially we will focus on the major differences found betweeen
aquatic hypersaline systems (salterns) and hypersaline soils.

Methods: Metagenomic studies have been carried out on water samples obtained from ponds of
salterns located in Santa Pola (Alicante) and Isla Cristina (Huelva) as well as on hypersaline soils from
the Odiel saltmarshes area (Huelva), Spain.

Results: Hypersaline soils harbour a more diverse microbial community, comprising at least 29
different major phyla, in contrast to a lower number of phyla (up to 8 to 9) of ponds of Santa Pola
saltern. The most abundant prokaryotes in the hypersaline water systems are members of the
Euryarchaeota (haloarchaea), Bacteroidetes and Nanohaloarchaea. In the hypersaline soils studied
we also determined the abundance of Euryarchaeaota and Bacteroidetes. Our studies suggest that
some halophilic prokaryotes might be highly adapted to aquatic hypersaline habitats, as the square
haloarchaeon Haloquadratum and the gammaproteobacterium Spiribacter. In contrast, microbes
found in hypersaline soils have a more euryhaline response, showing a wider tolerance to salinity.



0009 High bacterial species novelty in metagenome assembled genomes (MAGs) from hot springs
around the world (32 - 98 °C): metabolic insights of new phyla, classes and orders of thermophilic
bacteria

Jaime Alcorta?, Oscar Salgado?, Tomés Alarcén-Schumacher'?, Sergio Guajardo-Leiva?, Beatriz Diez'?

Ipontificia Universidad Catdlica de Chile, Department of Molecular Genetics and Microbiology,
Santiago, Chile

2Max Planck Institute for Marine Microbiology, Bremen, Germany

3Center for Climate and Resilience Research (CR)2, Santiago, Chile

Background: Hot spring microbial mats are composed by diverse bacteria and archaea whose
presence and activity are modulated mainly by temperature, pH and geochemistry. The microbial
diversity has been addressed lately by metagenomics to mainly report general patterns of taxonomy
and metabolic processes. However, metagenome assembled genomes (MAGs) can be used to
describe discrete genomic populations to improve our understanding of genomic adaptations of
unknown/uncultured taxa that thrive in these extreme systems.

Objectives: Our aim is to study the taxonomy and codified metabolic processes from high quality
MAGs obtained from 21 microbial mat lllumina metagenomes from Chile (unpublished) and public
databases in a wide temperature range.

Methods: We analyzed 21 hot spring metagenomes within a sampling temperature range of 32 to 98
°C. All reads were quality trimmed and de-novo assembled. Contigs were binned into MAGs and their
completness/contamination was analyzed with CheckM. High quality MAGs were taxonomically
classified with GTDB-tk and their codified metabolic processes were annotated.

Results: We obtained 381 high quality MAGs with bacterial predominance (371). The taxonomic
novelty of the obtained MAGs was across all levels, being classified in novel phyla (2), class (4), order
(26), family (69), genus (171) and species (336). Therefore, a great species novelty (88%) whithin
these 21 metagenomes was revealed. The metabolic processes encoded in these MAGs will improve
our understanding of the roles of these uncultured microbes, such as the two MAGs from novel phyla
potentially involved in nitrogen and methane biogeochemical cycles of these extreme systems.



0010 Brockarchaeota, a new archaeal phylum containing unique pathways for hydrogen-
dependent methylotrophy

Valerie De Anda?, Lin-Xing Chen?, Brett J Baker!, Nina Dombrowski!, Zheng-shuang Hua3, Hong-chen

Jiang? lillian F Banfield*®, Wen-jun Li3

IUT Marine Science Institute, Port Aransas, United States

2Earth and Planetary Sciences, University of California Berkeley, United States

3State Key Laboratory of Biocontrol and Guangdong Key Laboratory of Plant Resources, School of Life
Sciences, Sun Yat-Sen University, China

“State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences,
Wuhan, China

*Environmental Science, Policy and Management, University of California Berkeley, United States

Background: C1-methylated compounds are predominant in the oceans and the atmosphere, thus
are crucial components of the global carbon cycle. The degradation of these compounds is an
important source of methane in anoxic environments. However, the ability to metabolize C1-
compounds without methane production has only been documented in two gut-archaeal species

Objectives: Here, we report the discovery of a new lineage of H,-dependent methylotrophic archaea
recovered from hot spring and deep-sea sediments, which has been overlooked in rRNA-based
surveys. Phylogenomic analyses suggested this new lineage as a distinct phylum within the TACK
superphylum

Methods: Surveys of public datasets revealed they are globally distributed in geothermal springs,
thus we refer to them as Brockarchaeota, after Thomas Brock pioneer microbiologist for his
groundbreaking research in hot springs. Metabolic inference of eight Metagenome-Assembled
Genomes (MAGs) revealed several unique metabolic traits in Brockarchaeota

Results: Unlike other H,-dependent methylotrophs, Brockarchaeota likely conserved the energy by
electron bifurcation. They are also able to fix CO; via the Wood-Ljungdahl pathway. Brockarchaeota
from deep sea sediments are able to utilize dimethylamine, while hot spring lineages are more
versatile having pathways for the utilization of a variety of geothermally-derived substrates including
arsenate, selenate and elemental sulfur, methanol, and trimethylamine. Comparative genomic
analysis of the potentials in carbohydrates utilization indicated that Brockarchaeota could also play
an important role in the breakdown of high molecular-weight plant-derived polysaccharides,
primarily cellulose, hemicellulose and xylose. The broad distribution, and their unique carbon
metabolism suggest that Brockarchaeota are key players in global carbon cycling.

10



0011 Prokaryotic diversity in terrestrial mud volcanoes of Taman peninsula, Russia

Alexander Slobodkin?, Alexander Merkel?, Galina Slobodkina?, Nikolay Chernyh?, Elizaveta Bonch-

Osmolovskaya !

Winogradsky Institute of Microbiology, Research Center of Biotechnology of the Russian Academy of
Sciences, Moscow,

Background: Mud volcanism is one of the most exciting geological phenomena with significant
implications in hydrocarbon exploration, seismicity, and atmospheric budget of methane. The
presence of different inorganic and organic compounds, which can be used as electron donors and
acceptors in microbial metabolism, allows the development of microorganisms with various
physiologies.

Objectives: This study provides the first overview of bacterial and archaeal diversity in three
terrestrial mud volcanoes (TMVs) located in the Taman peninsula, Russia obtained by means of high-
throughput sequencing and presents the results on the isolation of pure cultures of cultivated
anaerobes.

Methods: TMV microbial communities were studied using molecular (16S rRNA gene amplicons and
metagenome sequencing) and cultural approaches.

Results: All investigated TMVs contained microorganisms associated with biogeochemical cycles of
methane and sulfur. 16S rRNA gene sequences of Deltaproteobacteria and methanotrophic archaea
were detected in all samples but differed at the genus and species levels between individual sites.
One of the sites harbored the unique microbial community with high abundance of 16S rRNA gene
sequences belonging to archaeal anaerobic methane oxidizers of ANME-3 group (39% of all
sequences). This is the first report on detection of ANME-3 in terrestrial ecosystem and the first
example of microbial community with dominance of ANME-3 group archaea in a total prokaryotic
abundance. Five strains of anaerobic bacteria belonging to different physiological groups were
isolated in pure culture. This study extends the current knowledge of the phylogenetic and metabolic
diversity of microorganisms inhabiting terrestrial mud volcanoes.
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0012 The Soil Resistome of a Natural Xeric Gradient in the Namib Desert
Yashini Naidoo?, Rian Pierneef?, Errol Cason®, Angel Valverde Portal®, Donald Cowan'

ICentre for Microbial Ecology and Genomics, Biochemistry, Genetics and Microbiology, Pretoria,
South Africa

2Agricultural Research Council, Biotechnology Platform, Pretoria, South Africa

3University of the Free State, Microbial, Biochemical and Food Biotechnology, Bloemfontein, South
Africa

Background: Recent studies have indicated that the wide-spread dissemination of antibiotic resistant
determinants is largely associated with natural environmental reservoirs. This is because, the
intensive use of antibiotics in animal farming and other agricultural practices results in the
continuous release of antibiotics into the environment. This has led to the extensive occurrence of
antibiotic resistance in both impacted and natural habitats. However, very little is known about the
abundance and composition of antibiotic resistance genes (ARGs) in non-agricultural regions such as
hot deserts.

Objectives: we aimed at 1) investigating the variation of ARG alpha diversity in Namib Desert soils
and to examine how the composition (beta diversity) of ARGs varies in terms of changing
environmental characteristics, 2) to assess whether composition and diversity of these ARGs relates
to bacterial community composition and diversity and 3) to ascertain whether or not horizontal gene
transfer affects the distribution of ARGs in this soil.

Methods: This study uses shotgun metagenomics and soil chemistry analysis across two different
zones (low- and high-rain zone), over a period of two years, within a natural xeric gradient in the
Namib Desert (n = 12; two zones x 3 samples x 2 years).

Results: Preliminary analysis reveals a total of 148 of ARGs, many of them encoding multi-drug efflux
pumps. Resistance mechanisms involved in the inactivation of Fluoroquinolones and cephalosporins
were present. Of the two factors taken into account (year, water regime), only year had an effect on
alpha and beta diversity (P < 0.5 for both).
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0013 Biodiversity and community composition of fungi associated to Biological Soil Crusts in
Victoria Land, Antarctica

Fabiana Canini*?, J6zsef Geml|?, Luigi Paolo D'Acqui?, Stefano Ventura®*, Silvano Onofri, Laura
Selbmann®®, Laura Zucconi*

IUniversity of Tuscia, Department of Ecological and Biological Sciences, Viterbo, Italy

2Naturalis Biodiversity Center, Biodiversity Dynamics, Leiden, Netherlands

3National Research Council of Italy (CNR), Terrestrial Ecosystems Research Institute (IRET), Sesto
Fiorentino, Italy

“The Italian Embassy in Israel, Tel Aviv, Israel

*Italian National Antarctic Museum (MNA), Mycological Section, Genova, Italy

Background: Ice-free regions in Northern Victoria Land, Antarctica, are patchily distributed, mainly
restricted to coastal regions and mountain peaks. In coastal areas, vegetation is composed only of
lichens and mosses due to the extreme environmental conditions. The association of these life forms
with soil particles and microorganisms (e.g., cyanobacteria, algae and microfungi) makes up
biological soil crusts (BSCs), found worldwide in cold-dominated and/or arid and semi-arid regions,
where plant growth is impaired. Despite BSC organisms being among the most ubiquitous life forms
throughout ice-free areas of continental Antarctica, fungal communities that form a defining
component of these ecosystems have never been widely investigated before.

Objectives: Main aims were to provide a first kingdom-wide characterization of fungal communities
of these peculiar ecosystems and to understand how diversity and community composition are
related to nutrient availability and different edaphic variables. Such analyses of these simplified
ecosystems could provide a better understanding of how functional profiles of BSC fungal
communities are related to abiotic factors.

Methods: We used DNA metabarcoding to compare the taxonomic and functional composition of
fungal communities from 17 sites in 6 different localities from 73 to 77°S. Richness, community
structure and functionality have been related to soil granulometry and chemical properties.

Results: Fungal richness was low (59 * 27 OTUs per sample) and community composition was
spatially auto-correlated. This was mainly driven by edaphic differences (as the presence of
exchangeable cations etc.) among the sites and less strongly by possible differences in mesoclimatic
conditions, as dispersal limitation is unlikely.
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0014 Microbial biogeography and colonization of Arctic terrestrial ecosystems
Lucie Malard?, David Pearce!

IFaculty of Health and Life Sciences, Northumbria University, Newcastle Upon Tyne, United Kingdom

Background: Identifying and understanding the ecological processes structuring microbial
community assemblages is a central issue in microbial ecology. While biogeographical patterns of soil
bacteria have been described on global scales, the Arctic region has been somewhat overlooked.
Beyond spatial and environmental factors, the role of colonization on microbial community structure
has yet to be determined.

Objectives: We characterized microbial communities of Arctic tundra soils from small to continental
scales to identify biogeographical patterns, key environmental drivers and assessed the colonization
potential.

Methods: Using X-Ray fluorescence and gravimetric measurements, we characterized elemental
composition and physico-chemical properties of collected soils. Multivariate analyses, geostatistics
and high throughput 16S sequencing were used to characterize microbial communities. Microcosms
and in-situ experiments were conducted to assess the potential of snow microorganisms to colonize
soil systems.

Results: By conducting a multi-scale Pan-Arctic survey of bacterial communities of Arctic soils, we
identified biogeographic patterns and highlighted the role of geographical dispersal and
environmental drivers in structuring microbial communities. We identified the Arctic soil core
microbiome and indicated differences between Arctic soil communities and global communities.
Overall, results highlight the heterogeneity of Arctic soils, the role of spatial and environmental
factors on community structure and the potential for colonization. While this study brings a deeper
understanding of Arctic microbial community assemblages, this is also a baseline for future functional
studies in the region, which will be critical to forecast the ecological consequences of environmental
change.
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0015 Novel genomic determinants of respiratory metabolism in extremophilic prokaryotes

Sergey Gavrilov?, Stepan Toshchakov?!, Dmitri Sorokin?, Alexander Slobodkin?, Ivan Elizarov?, Olga
Golyshina?, Peter Golyshin?, Michail Yakimov?, llya Kublanov?!

Winogradsky Institute of Microbiology, Research Center of Biotechnology of the Russian Academy of
Sciences, Moscow, Russian Federation

2Bangor University, School of Natural Sciences, Gwynedd, Bangor, United Kingdom

3Institute for Biological Resources and Marine Biotechnology, IRBIM-CNR, Messina, Italy

Background: Extremophilic prokaryotes are thriving at physico-chemical boundaries of life —
temperatures up to 122°C, pH 0-12, 5-molar salinity. Many extremophiles represent deep
phylogenetic lineages most closely related to the last common ancestor and could possess the most
ancient as well as the most stable enzymes driving the key metabolic processes.

Objectives: Identification and description of novel determinants of anaerobic and aerobic respiration
from extremophiles of various phylogenetic lineages.

Methods: Genomes of our several extremophilic isolates were screened for target genes using
previously described strategies (do0i:10.1111/1462-2920.12067); functions of target genes were
evidenced at transcript or protein level, symbiotic interactions - by CARD-FISH.

Results: We have evidenced differential involvement of three novel c-type multihemes in Fe(lll)
respiration and electrogenesis of a thermophilic bacterium Carboxydothermus ferrireducens. For the
first time, c-type multihemes determining Fe(lll)-reduction were identified in hyperthermophilic
archaea of Pyrobaculum genus. Three novel molybdopterin oxidoreductases were revealed in the
genome of Halanaeroarchaeum sulfurireducens, determining sulfur respiration with acetate —a
unique process for Archaea. Function of the enzymes was confirmed at transcript level. In a
hyperacidophile Cuniculiplasma divulgatum, genes of Al-type heme-copper oxidase were identified.
Phylogeny reconstruction and genomic context analysis put them into a separate cluster rooted to
the ancestor form of all the modern A-type oxygen reductases. Genome analysis of putative
C.divulgatum’s symbiont — a nanoarchaeon of ‘DPANN’ superphylum, revealed a cytochrome bd-
oxidase to be its only candidate respiratory oxygen reductase, with the host cell being the most
probable source of hemes and reduced quinones for the enzyme.

Funding: RSF project #17-74-30025.
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0016 Integrative genomics sheds light on evolutionary forces that shape the extremely acidophilic
lifestyle

Carolina Gonzdlez!, Mark Dopson?, Jorge Valdes®, David S. Holmes®?

1Center for Bioinformatics and Genome Biology, Fundacion Ciencia & Vida, Santiago, Chile

2Centre for Ecology and Evolution in Microbial Model Systems (EEMIS), Linnaeus University, Kalmar,
Sweden

3Center for Genomics and Bioinformatics, Faculty of Sciences, Universidad Mayor, Santiago, Chile

Background: Multiple phylogenomic approaches, suggest that the extremely acidophilic (<pH 3)
genus Acidithiobacillus evolved from ancestral neutrophiles. The inferred evolutionary trajectory
sheds light on how acid tolerance was acquired and highlights the gain, duplication and loss of
functions associated with living at low pH, including amino acidic decarboxylation systems, proton
exchangers as well as other pH homeostasis mechanisms.

Acidithiobacillus constitute a genus within the newly recognized Acidithiobacillaceae family. They
have been isolated from a variety of extremely acidic habitats (< pH 3) around the world including
acid mine drainages, natural acidic environments and industrial bioleaching operations.
Acidithiobacilli are polyextremophilic chemolithoautotrophs, fixing CO, and N, from the atmosphere
and using hydrogen, sulfur and, in some cases, iron as energy sources.

Methods: A comparison of the predicted core- and pan-genomes of Acidithiobacilli with their
inferred last common ancestor, provides insight into the several evolutionary strategies that allowed
the genus to transition from a neutral to an acidic environment (pH-ladder hypothesis), including
gene gains by horizontal gene transfer, gene losses, mutation and gene redundancy.

Results: Three highlights of the results are the gain of genes encoding a hopanoid pathway for
membrane stabilization at low pH, an initial adaptation in a moderately thermal environment that
may facilitate the final transition into an acidic environment and the presence of a large pool of
accessory genes with functional redundancy that provides the opportunity to “hedge bet” in rapidly
changing acidic environments.
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0017 Digitalizing heterologous gene expression in Gram-negative bacteria with portable ON/OFF
gadgets

Belen Calles?, Angeles Hueso?, Angel Goni-Moreno?, Victor de Lorenzo?

1CNB-CSIC, Madrid, Spain
2Newcastle University, School of Computing, Newcastle, United Kingdom

Background: Although prokaryotic promoters controlled by signal-responding regulators typically
display a range of input/output ratios when exposed to cognate inducers, virtually no naturally
occurring cases are known to have an off state of zero transcription—as ideally needed for synthetic
circuits.

Objectives: To overcome this problem we have modelled and implemented simple digitalizer module
that entirely suppresses the basal level of otherwise strong promoters so that expression in the
absence of induction is completely impeded.

Methods: The thereby designed circuit involves the interplay of a translation-inhibitory sSRNA with
the translational coupling of the gene of interest to a repressor such as Lacl. The digitalizer module
was validated with the strong inducible promoters Pm (induced by XylS in the presence of benzoate)
and PalkB (induced by AlkS/dicyclopropylketone) and shown to perform effectively both in E. coli and
the soil bacterium Pseudomonas putida. The entire circuit was rigorously described with the
synthetic biology open language (SBOL) format.

Results: The distinct expression architecture of the device allowed cloning and conditional expression
of eg colicin E3, one molecule of which per cell suffices to kill the host bacterium. Revertants that
escaped ColE3 killing were not found in hosts devoid of insertion sequences, suggesting that mobile
elements are a major source of circuit inactivation in vivo. Interfacing the digital switch with a light-
controlled expression system and/or hyperactive cdGMP cyclase enabled stringent control of biofilm
formation in P. putida. The device was instrumental also to create switches for changing the gross
physiological status of cells.

17



0018 High-throughput interaction profiling in bacteria

Athanasios Typas*

1European Molecular Biology Laboratory, Genome Biology Unit, Heidelberg, Germany

Systematic and quantitative profiling of functional interactions at a genome-wide level provides unique
insights into cellular behaviors and the underlying network architecture. We have developed new tools
and strategies for such systematic approaches in bacteria. Here, | will present recent developments on
this front, and provide insights into how these approaches can be used to uncover new biology in
different bacterial species, and their interfaces with other microbes, the host and the environment.
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0019 Regulation of cell elongation and division under fluctuating resource constraints

Kerwyn Casey Huang?

IStanford University, Department of Bioengineering, Standford, United States

Bacterial cells regularly face environmental variation in their natural habitats, and need to respond
robustly and quickly to those fluctuations. In the rod-shaped bacterium Escherichia coli, steady-state
cell shape has been shown to change in response to different nutrient conditions, through
regulations of both cell elongation and division. However, it remains unclear how cells respond to
continuous environmental changes and regulate cell shape. In this work, we develop a time-delay
model that fully explains the dynamics of surface area and volume synthesis in a laboratory batch
culture, which shows a universal set of dynamics of surface area to volume ratio (SA/V) for single-cell
organisms. This model also predicts that SA/V is robust to division perturbations, but systematically
changes with cell wall synthesis rates and translation rates, all of which have been experimentally
verified. We then develop a mathematical model that quantiatively predicts the variation in cell
shape across mutants based on shape-dependent changes to cell-cycle variables. Taken together, our
work provides a quantitative framework for understanding cellular resource allocation, and has
implications for how cells coordinate elongation and division under global resource constraints.

19



0020 Tools for engineering coordinated system behavior in synthetic microbial consortia
Karen Polizzit

!Imperial College London, Chemical Engineering, London, United Kingdom

Background: In Nature, microbial communities live in close proximity and often work together to
degrade complex substrates. In synthetic biology, we wish to emulate this behavior by dividing
complex gene circuits across multiple populations. Engineering synthetic microbial communities
requires multiple orthogonal cell-to-cell communication channels to propagate information with
minimal signal interference. Here we focus on quorum sensing, a natural bacterial mechanism for
coordinating population behavior.

Objectives: The objectives of this work were to build a toolbox to enable the rapid identification of
orthogonal communication channels for building synthetic microbial consortia.

Methods: 6 acyl homoserine lactone receiver devices were constructed and characterized by flow
cytometry. The input-output responses were fit with a simple logistic model to capture key variables
such as basal and maximal activation, EC50, and sensitivity. We used this information to develop a
software tool that allows automated selection of orthogonal chemical channels. We then used the
tool to identify and build a system using three orthogonal channels simultaneously.

Results: We characterized a library of 6 acyl homoserine lactone receiver devices, quantifying all
cognate and non-cognate chemical signal interactions. We subsequently developed a software tool
for the design of consortia that can flexibly accommodate user-defined constraints for fold changes
in gene expression and identify any number of desired communication channels. Furthermore, we
experimentally validated one of the software predictions by engineering a polyclonal co-culture
capable of controlling gene expression using three non-interfering AHL communication channels.
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0021 From understanding to application of bacterial chemotaxis

Victor Sourjik!

IMax Planck Institute for Terrestrial Microbiology, Marburg, Germany

Background: Chemotaxis is one of the best-studied bacterial behaviours, but its significance for
physiology and ecology of bacteria are only poorly understood.

Objectives: Our aims were first to systematically investigate the sensory spectrum of chemotaxis of
the model organism Escherichia coli, as well as of other bacteria, and second to utilize chemotactic
bacteria as delivery systems for microscopic cargo particles.

Methods: We have utilized FRET-based and microfluidic assays to quantify the chemotactic response
to a wide range of chemical and physical stimuli, and cell tracking and microfabrication to study the
capability of bacteria to transport cargo of different sizes.

Results: We show that E. coli chemoreceptors can detect a wide range of stimuli, including not only
nutrients but also human hormones, temperature, osmolarity, aromatic compounds, and quorum
signaling molecules, using a number of distinct mechanisms of sensing. We have further developed
approaches that allow rapid and high-throughput characterization of ligand specificities of
chemoreceptors from different species. Finally, we showed that E. coli can be efficiently loaded on
micrometer-sized particles or eukaryotic cells and used to transport them in microfluidic channels.
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0022 Defining patterns in chemical and genomic space to prioritise antibiotic discovery

Sylvia Soldatou?, Grimur Hjorleifsson Eldjarn?, Justin van der Hooft3, Simon Rogers?, Katherine
Duncan*

LUniversity of Aberdeen, Department of Chemistry, Aberdeen, United Kingdom

2University Of Glasgow, School of Computer Science, Glasgow, United Kingdom

3Wageningen University, Department of Bioinformatics, Wageningen, Netherlands

4University of Strathclyde, Strathclyde Institute of Pharmacy and Biomedical Sciences, Glasgow,
United Kingdom

Background: Microbial drug discovery in the 'omics era relies on three key datasets, biosynthetic,
chemical and biological (activity). Yet, to integrate and interrogate these large and complex datasets
remains a challenge and results in the low-throughput prioritization of only a few strains based on
observed antibiotic activity. Despite this wealth of genomic and metabolomic data, linking
metabolites to the BGC responsible for their production and to observed bioactivity is limited, slow
(manual) and challenging. Furthermore, our current discovery is reliant on existing biosynthetic,
chemical and antibiotic knowledge, thus overlooking unidentified parent ions (metabolites) or
hypothetical proteins (BGCs) which is the exact chemical and biosynthetic space which should be
prioritized to identify novel antibiotics.

Objectives: Here, approaches to combine data sets consisting of bacterial genomes (and their
predicted BGCs), the chemical products of these same strains and their bioactivity profiles will be
discussed.

Methods: A dataset of Actinobacteria genomes have been mined for BGCs and these strains
fermented to generate metabolite extracts for comparative metabolomics (high resolution tandem
mass spectrometry / molecular networking) and antibiotic screening (against a panel of clinically
relevant pathogens).

Results: A dataset of 25 Polar rare-actinomycete genomes with almost 200 BGCs, combined with 100
metabolite profiles (each strain under four fermentation conditions) was generated. Machine
learning tools have been developed to establish patterns across strains and learn relationships
between BGC, spectral features and bioactivity.
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0023 Computational Tools for Prioritizing Drug Discovery in Actinomycetes
Nadine Ziemert!

IUniversity of Tuebingen, Interfaculty Institute of Microbiology and Infection Medicine, German
Centre for Infection Research (DZIF), , Germany

Next generation sequencing methods have made sequencing faster, cheaper, and easier than ever
and have revolutionized almost every field of biology. The constantly growing volume of DNA
sequence data has made genome mining an important tool for the detection and prediction of
promising secondary metabolites and has lead to a renaissance in natural product based drug
discovery. Thousands of putative gene clusters are available in public databases such as NCBI and JGI-
ABC, the challenge being now to triage the most promising pathways to guide laborious wet-lab
experiments, assist with the dereplication of already known compounds and predict interesting
bioactivities based on genomic data.

Here we introduce a selection of computational tools developed by the Ziemert lab that are based on
the evolution of secondary metabolites and can be used for a rapid automated identification and
examination of novel biosynthetic gene clusters. We highlight first results of mining rare and
underexplored actinomycete genera for promising natural compounds.
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0024 Cheese-rind microbes: Untargeted metabolomics of complex biological systems
Laura Sanchez?, Jessica Cleary?, Gordon Luu?

ICollege of Pharmacy, Chicago, United States

Background: Multispecies microbiome systems have recently been closely linked to human, animal,
and plant life processes. The growing field of metabolomics presents the opportunity to detect
changes in overall metabolomic profiles of microbial species interactions. These metabolomic
changes provide insight into function of metabolites as they correlate to different species presence
and the observed phenotypic changes, but detection of subtle changes is often difficult in samples
with complex backgrounds.

Objectives: Natural environments such as soil and food contain many molecules that convolute
analyses, and identification of microbial metabolites amongst environmental metabolites is an
informatic problem we begin to address here. Our microbes are derived from naturally aged cheese
and grown on solid or liquid cheese curd media for the purpose of identifying metabolites involved in
bacterial-fungal interactions. This medium, which is necessary for proper microbial growth, contains
high amounts of salts, lipids, and casein breakdown products which make statistical analysis using
mass spectrometry data difficult due to the high background from the media.

Methods: LC-MS/MS and MALDI-TOF biological and technical replicates from cheese derived
microbial species were collected and the algorithm BLANKA was written in python.

Results: We have developed a simple algorithm to carry out background subtraction from microbes
grown on solid or liquid cheese curd media to aid in our ability to conduct statistical analysis so that
we may prioritize metabolites for further structure elucidation. The resulting data sets are
statistically analyzed using the online MetaboAnalyst platform and significant metabolites will be
prioritized.
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0025 Proteome organization in microbes: genetic control and phenotypic efforts

Ruedi Aebersold*

nstitute of Molecular Systems Biology, Biology, Zurich, Switzerland

Background: In microbes and eukaryotes alike, phenotypes arise from the biochemical state of cells
which, in turn, are the result of the composition of biomolecules, their interactions and their
organization in the cell. Over the last two decades, a range of technologies has been developed to
study biochemical processes as complex systems via the comprehensive, quantitative measurement
of different classes of biomolecules. Due to the robustness and easy access of the corresponding
technologies, systems microbiology studies have been based on genomic measurements, yet the
intricacies of biological systems cannot be fully explained by genomic data.

Objectives: We will discuss SWATH-MS, a data independent MS-based proteomic technique, and
computational resources to quantify essentially all expressed proteins in microbial cells with a high
degree of accuracy and reproducibility. The method has reached a state where thousands of proteins
can be quantified from a microgram of total peptide mass, at CV’s of 10% and at a throughput of 60
samples per day on a single instrument, thus making large scale systems studies a reality.

Methods: We will further discuss an extension of the SWATH-MS method that allows us to detect
and quantify hundreds of protein complexes from native protein extracts, thus indicating the
organizational state of the proteome and changes thereof.

Results: The capacity of this technique to provide new insights into biochemical systems in microbes
will be demonstrated with selected applications. Overall, we will show that advanced proteomic
technologies have become an indispensable component of the tool set of systems microbiology.
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0026 An automatically reconstructed model of bacterial gene regulation enables simulation,
prediction, and perturbation of gene responses

Rodrigo Santibafiez?, Daniel Garrido?, Alberto Martin?

1Universidad Mayor, Centro de Genémica y Bioinformdtica, Huechuraba, Chile
2pontificia Universidad Catdlica de Chile, Department of Chemical Engineering and Bioprocesses,
Santiago, Chile

Background: Regulation of gene expression is essential for the working of any cell, allowing
homeostasis of the internal state and adaptation to variations in the environment. This regulation
relies on a network of transcription factors and other proteins that interact with promoters to trigger
a genetic program. However, the complexity of the network precludes efforts to model gene
regulation at genome-scale.

Objectives: To automate the reconstruction of a computational model from a bacterial
transcriptional regulatory network (TRN). In addition, includes other biological networks, such as
metabolic and protein-protein and regulatory RNAs-mRNA interactions, completing in this way the
landscape of phenomena that control all events within a bacterial cell. Also, to analyze our model
and study other aspects of gene expression, including knockouts (KOs), and other genetic
modifications.

Methods: We developed Atlas, a tool that converts a static network into a Rule-based model. Atlas
identifies the components and interactions, and writes proper equations. We also developed Pleione
to calibrate Rule-based models using a statistical fitness function. We employed as an example the
Escherichia coli TRN and microarray data to calibrate the models produced by Atlas.

Results: We validated Atlas and Pleione employing the sigma factors TRN. This network includes the
seven sigma factors and the three RNA polymerase genes. We calibrated the model employing
microarray data of cold and heat stresses, showing differential use of sigma factors. Single KOs
showed that no sigma factor is essential for these genes. We developed a larger 1850-genes model
from the RegulonDB TRN.
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0027 Empowering Pseudomonas putida with surface-displayed designer protein scaffolds
Pavel Dvorak?, Victor de Lorenzo?, Esteban Martinez-Garcia?

IMasaryk University, Microbiology Section, Department of Experimental Biology, Brno, Czech Republic
2Spanish National Centre for Biotechnology (CNB-CSIC), Synthetic and Systems Biology Program,
Madrid, Spain

Background: Pseudomonas putida KT2440, the best-characterized and safe pseudomonad, belongs
among the most promising bacterial hosts for synthetic biology and biotechnology endeavours. P.
putida-based applications would greatly benefit from novel catalytic activities displayed on its
surface. However, recombinant protein secretion in this G- host is inefficient and not well
established.

Objectives: We sought to meet this challenge by developing a system for efficient display of
recombinant proteins on P. putida surface by employing a synthetic biology approach.

Methods: New engineered P. putida strains EM42 and EM371, with reduced genomes and altered
physiological properties, were combined with surface display of small anchoring protein scaffolds
inspired by natural cellulosomes. These synthetic scaffolds served as docks for recombinant proteins
tagged with complementary binding domains. Attachment of the proteins to the P. putida surface
was verified by enzyme assays, confocal microscopy, fluorescence spectroscopy, and flow cytometry.

Results: Synthetic scaffolds containing one or two cohesin binding domains were successfully
displayed on the surface of both P. putida strains with one of four tested autotransporter systems.
Beta-glucosidase and two different fluorescent proteins were anchored to the surface of P. putida
EMA42 and EM371 with high efficiency especially in the latter case. This study shows the benefits of
the strain EM371 for the surface display of recombinant proteins and introduces designer
cellulosome strategy tailored for P. putida.
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0028 Playing with the rhizobial Mega- Apps: creation and characterization of a genomically hybrid
strain in the nitrogen-fixing symbiotic bacterium Sinorhizobium meliloti

Alice Checcucci?, George diCenzo?, Veronica Ghini?, Marco Bazzicalupo?, Anke Becker?, Francesca
Decorosi?, Johannes Doehlemann3, Camilla Fagorzi?, Turlough Finan®, Marco Fondi?, Claudio
Luchinat®®, Paola Turano?®, Tiziano Vignolini’, Carlo Viti*, Emanuele Biondi?, Alessio Mengoni?

IUniversity of Florence, Department of Biology, Sesto Fiorentino, Italy

2CERM & CIRMMP, University of Florence, Sesto Fiorentino, Italy

3| OEWE-Center for Synthetic Microbiology, Marburg, Germany

“University of Florence, Department of Agri-food Production and Environmental Science, Florence,
Italy

*McMaster University, Department of Biology, Hamilton, Ontario, Canada

®University of Florence, CERM and Department of Chemistry, Sesto Fiorentino, Italy

’European Laboratory for Non-Linear Spectroscopy, LENS, Sesto Fiorentino, Italy
8CNRS-Aix-Marseille University, LCB, Marseille, France

Background: Many rhizobia harbour a multipartite genome composed by more than one replicon.
Symbiotic and nitrogen-fixing phenotypes are mainly encoded by genes residing on the secondary
replicons. Approaches for modifying such phenotypes may involve large-scale genome manipulation
of secondary replicons and eventually their mobilization among different hosts to obtain
genomically-hybrid strains with improved symbiotic performances.

Objectives: Here we report the creation and the multi-omics characterization of a genomic hybrid
strain in a model multipartite genome species, the plant-symbiotic bacterium Sinorhizobium meliloti.

Methods: The secondary replicon pSymA (accounting for nearly 20% of total genome content and
containing 1300 genes) was mobilized from a donor S. meliloti strain to an acceptor strain lacking
pSymA. The hybrid strain was screened for a panel of complex phenotypes (carbon/nitrogen
utilization phenotypes, NMR metabolomics on intra- and extra-cellular environment, symbiotic
behaviour and transcriptional profile through RNA-sequencing). Additionally, metabolic network
reconstruction and constraint-based modelling were employed for in silico prediction of metabolic
flux reorganization.

Results: Phenotypes of the cis-hybrid strain were in good agreement with those of both parental
strains. Interestingly, the symbiotic phenotype showed a marked cultivar-specific improvement with
the hybrid strain compared to both parental strains. These results provide a proof-of-principle for the
feasibility of genome-wide replicon-based remodelling of rhizobial strains for improved
biotechnological applications in precision agriculture.
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0029 The road to the enrichment of specialized N20-reducers in an open mixed culture

Francesc Corbera-Rubio?, Nina Roothans?, n de Jonge?, j Lund Nielsen?, m Pabst?, David Weissbrodt?,
Mark van Loosdrecht?, Michele Laureni®?

1Delft University of Technology The Nehterlands, Department of Biotechnology, Delft, Netherlands
2Aalborg University, Department of Chemistry and Bioscience, Aalborg, Denmark

Background: Nitrous oxide (N,O) has a global warming potential 300 times higher than CO,, and
accounts for 8% of anthropogenic GHG emissions. The majority of N,O results from microbial activity
in agricultural soils and wastewater treatment plants. While multiple processes lead to N,O
formation, the reduction of N,O to innocuous N; — the last step of the denitrification pathway —is the
only known microbial N,O sink. As such, denitrification holds promise to play a pivotal role in global
efforts to contrast N,O emissions.

Objectives: In this work, we focus on denitrification and in particular on N,O-reducing
microorganisms that lack the genetic potential to produce N,O and thus represent a pure N,O-sink.
Specialist N,O-reducers have been recently shown to be highly abundant in different ecosystems, yer
the conditions selecting for them remain largely unknown.

Methods: To this end, two 2-L continuously-fed reactors were run with N,O and acetate as sole
electron acceptor and donor. Microfiltration membranes were used for cultivation over a broad
range of solid retention times (SRT; 1-30 days), as encountered in biofilms and sediments.

Results: Operation under acetate-limiting conditions and at an SRT of 7 days resulted in the
reproducible selection of specialized N,O-reducers, as supported by the progressive decrease in
biomass specific NO, reduction rate. The meta-genome and meta-proteome of the enrichment are
currently being analyzed for complete phylogenetic and functional characterization of the selected
organisms. Ultimately, this is the first study reporting the enrichment of specialized N,O-reducers in
open mixed-communities.
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0030 The multi-level relationship between heterotrophic bacteria and nutrients

Elena Perrin?, Paola Turano?, Veronica Ghini?, Michele Giovannini!, Barbara Cardazzo?, Lisa Carraro?,
Ermenegilda Parrilli*, Maria Luisa Tutino?* Renato Fani', Marco Fondi?

LUniversity of Florence, Dep. of Biology, Firenze, Italy

2university of florence, CERM, Firenze, Italy

3University of Padua, Dipartimento di Biomedicina Comparata e Alimentazione, Legnaro, Italy
“University of Naples, Dipartimento di Scienze chimiche, Naples, Italy

Background: A detailed comprehension of the functioning of heterotrophic bacteria metabolism is
crucial for deciphering the complex processes that regulate nutrients assimilation and recycling in the
oceans and the possible effect of external perturbations on such a system.

Objectives: We want to disclose the molecular details of two main features in the relationship
between marine microbes and nutrients: 1) the formation of microbial aggregates in response to
external nutrients concentration, 2) the regulation of nutrient assimilatory pathways when facing a
nutritionally rich environment.

Methods: We combined a series of transcriptomics and metabolomics experiments in the model
heterotrophic bacterium Pseudoalteromonas haloplanktis TAC125. We made use of mathematical
modelling to generate predictive models and to integrate -omics data.

Results: Nutrients concentration in the medium deeply influences cell aggregation and (partially) cell
motility in P. haloplanktis TAC125. Cells grown in a nutrient-rich medium appeared mucoid, non-
motile and overall displayed a greater tendency to aggregate in respect to cells grown in a nutrient
poor medium. Transcriptomics analysis was carried out in such conditions, revealing the gene
clusters likely involved in such processes and a possible regulatory circuit accounting for the switch
between planktonic and aggregated cells. Time-course transcriptomics on cells grown in a
nutritionally complex environment revealed a time-resolved hierarchy in the metabolism of available
nutrient sources, with metabolic switches marking the boundaries of each of the assimilated set of
compounds. The combination of targeted metabolomics and mathematical modelling allowed the
formulation of a computational model capable of explaining and predicting such metabolic
phenotypes.
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0031 Pooled Sequencing Enables High-Throughput Synthetic Genetic Circuit Characterisation

Matthew Tarnowski®, Thomas Gorochowski?

IUniversity of Bristol, Biological Sciences, Bristol, United Kingdom
2University of Bristol, Biological Sciences, United Kingdom

Background: Biological engineering requires well characterised genetic parts in order to predictably
design and assemble synthetic genetic circuits (SGCs). Genetic part function is highly dependent upon
local genetic context, making the function of SGCs containing new genetic part combinations
unpredictable. Until recently SGCs could only be characterised slowly, indirectly and on an individual
basis, using assays with fluorescent reporter protein readouts. The purpose of our study was to
demonstrate that large pools of SGC variants can be characterised simultaneously, in high-
throughput, using long read sequencing.

Objectives: Our objectives were two-fold: (1) long read sequencing based characterisation of a
pooled SGC library and (2) characterisation of intrinsic transcription terminator dependence upon
local genetic context.

Methods: Using one-pot pooled ligation we assembled a library of 360 SGCs with systematically
varied terminator context. This pooled SGC library was assayed in vitro using long read RNA
sequencing to simultaneously characterise each terminator variant.

Results: Our results illustrate that pooled assembly and pooled sequencing offer a high throughput
method to build and characterise SGCs which elicit a sequenceable readout. This study offers a
prototype method for rapid and thorough characterisation of both genetic parts and SGCs. Using this
approach, myriad future microbial biotechnology applications can be developed.
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0032 Bacterial autotrophy: where are we now? A state-of-the-nation overview and consideration
of what physiology and biochemistry can we understand from geochemical, thermodynamic and
physical parameters from an organism's habitat

Rich Boden*

IUniversity of Plymouth, School of Biological and Marine Sciences, PLYMOUTH, United Kingdom

Background: Bacterial autotrophy has been observed for hundreds of years — with many
phototrophic Bacteria from the class ”Cyanobacteria” originally identified as plants or as algae,
followed by the observation of sulfide, ammonia and nitrite oxidation by chemolithoautotrophs by
Winogradsky. Our understanding of the carbon assimilation by autotrophs currently spans the Calvin-
Benson-Bassham cycle (with two variants, one in the ”Cyanobacteria” and Eukarya and one in other
Bacteria — both photoautotrophs and lithoautotrophs), the Arnon-Buchanan cycle (e.g. in
Chlorobaculum spp.), the Wood-Ljungdahl pathway (e.g. in Clostridium spp.) and the Holo-Sirevag-
Fuchs bicycle (e.g. in Chloroflexus spp.), with the Fuchs pathway found in the Archaea (e.g.
Metalosphaera spp.). Intimately intwined in the assimilatory abilities, needs and regulation are the
energy conservation pathways, which have great diversity both in terms of photoautotrophs with
their multiple photosytems and other light-harvesting complexes and the lithoautotrophs with their
myriad electron donors, including elementary sulfur, polythionates, molecular hydrogen, arsenite,
ammonia, nitrite, ferrous iron etc. To fully understand the physiology of the autotroph, we must
return to its environment and consider the geochemical, thermodynamic and physical factors that
dictate which pathways, transporters, carboxysomes etc are required for growth.

Objectives: In this presentation | give an overview of the state of the nation regarding research in
autotrophy and allied energy conservation pathways, which will also introduce our other speakers in
the Autotrophy session. | will also present some novel findings.

Methods: Geochemical modelling and thermodynamic methods are used to consider the needs of
the autotroph in situ.

Results: N/A
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0033 Surprising heterogeneity in mechanisms for inorganic carbon uptake and fixation by
autotrophic gammaproteobacteria from hydrothermal vents and other sulfidic habitats

Kathleen Scott!, Tara Harmer?, Rich Boden?

LUniversity of South Florida, Integrative Biology, Tampa, United States

2Stockton University, Biology Program, Galloway, United States

3University of Plymouth, School of Biological & Marine Sciences; Sustainable Earth Institute,
Plymouth, United Kingdom

Background: Six autotrophic carbon fixation pathways are known among Bacteria and Archaea. The
'front-end' of these pathways, delivery of dissolved inorganic carbon (DIC; = CO, + HCOs™ + CO3%)
from the environment to the cytoplasm, has only been described in "Cyanobacteria", in which CO,
concentrating mechanisms (CCMs), consisting of DIC transporters and carboxysomes, facilitate
growth under low-DIC conditions. CCMs are likely to be common beyond the "Cyanobacteria", since
concentrations of DIC vary among habitats, and could impact rates at which autotrophic Bacteria and
Archaea catalyze reactions of geochemical importance.

Objectives: The objective of this study was to characterize CCMs from members of Hydrogenovibrio,
Thiomicrospira and Thiomicrorhabdus, ubiquitous Gammaproteobacteria that fix carbon at
hydrothermal vents, coastal sediments, hypersaline lakes, and other sulfidic habitats.

Methods: The genomes of these organisms were sequenced to find potential CCM components.
gRT-PCR was used to determine whether genes were upregulated under low-DIC conditions.
Potential DIC transporters were heterologously expressed in E. coli to measure DIC uptake activity.

Results: Carboxysome loci are present in the genomes of most of these organisms. Downstream of
the carboxysome loci, genes encoding potential transporters are present, encoding members of four
distinct transporter families. These genes were upregulated in cells grown under low-DIC conditions,
and, when expressed in E. coli, demonstrated DIC uptake activity. This expansion in known DIC
transporters across four families, from organisms from a variety of environments, provides insight
into the ecophysiology of autotrophs, as well as a toolkit for engineering microorganisms for carbon-
neutral biochemistries of industrial importance.
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0034 Adaptation to the energy landscape in photoautotrophic bacteria
Thomas Hanson?, Amalie Levy?, Jacob Hilzinger?, Katie Kalis®

IUniversity of Delaware, School of Marine Science and Policy/Delaware Biotechnology Institute,
Newark, United States

2University of Delaware, Chemical and Biomolecular Engineering/Delaware Biotechnology Institute,
Newark, United States

Background: The phototrophic green sulfur bacteria, the Chlorobiaceae, fix CO; via the reductive TCA
cycle using reducing equivalents derived from the oxidation of reduced sulfur compounds. These
organisms are obligate autotrophs, but some species assimilate simple organic compounds like
acetate and pyruvate. The Chlorobiaceae are considered to be physiological specialists, with a limited
repertoire of regulatory machinery.

Objectives: The Chlorobiaceae grow on very low light levels relative to other photoautotrophic
bacteria. Part of this capability is due to their exquisite antenna complex, the chlorosome. We
hypothesize that other adaptive responses contribute to their ability to grow autotrophically in the
face of variations in electron donor quality, fixed carbon availability, and light intensity that shape
their energy landscape

Methods: A combination of classical growth and composition analyses were employed alongside
transcriptome and methylome analysis to assess how Chlorobaculum tepidum, an established model
for the Chlorobiaceae, and Prosthecochloris sp. strain CB11 adapted to varying energy availability.

Results: The data indicate that both Cba. tepidum and Prosthecochloris sp. strain CB11 utilize
multiple strategies ranging from transcriptional regulation to genome methylation to adapt to
changes in the energy landscape. In the case of Cba. tepidum, this leads to biomass composition
reflecting energy availability, which has implications for metabolic modeling. The potential for
understanding and controlling these adaptive responses enabling autotrophic biotechnology based
on the consumption of toxic reduced sulfur compounds will also be discussed.
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0035 Life on the (far-red) edge of darkness: how terrestrial cyanobacteria photoacclimate to and
utilize far-red light for oxygenic photosynthesis

Donald Bryant?

1The Pennsylvania State University, Dept of Biochemistry, University Park, PA, United States

Background: Terrestrial cyanobacteria that grow in soil, microbial mats or plant shade occur in niches
highly enriched in far-red light (FRL). In response to wavelengths longer than ~700 nm, some
terrestrial cyanobacteria undergo an extensive photoacclimation response, FRL photoacclimation
(FaRLiP).

Objectives: Characterize the FaRLiP response
Methods: Modern microbial physiological methods.

Results: RfpA, a knotless red/far-red phytochrome/histidine kinase, RfpC, a CheY-like phosphate
shuttle, and RfpB, a response regulator/transcriptional activator, control the expression of a highly
conserved, 20-gene cluster. Expression of the FaRLiP genes causes extensive remodeling of
Photosystem | (PSl), PSlI, and phycobilisomes. FaRLiP gene products replace the paralogous core
subunits of these complexes produced when cells are grown in white light (WL). Cells grown in FRL
additionally synthesize chlorophyll (Chl) f, Chl d, and special phycobiliproteins, all of which contribute
to enhanced FRL absorption. The FRL-PSI complexes still employ a heterodimer of Chl a/Chl a” as the
special pair (P700). The PSIl complexes produced in FRL contain Chl d, Chl f, Chl a, pheophytin a and
[-carotene. One of the genes in the FaRLiP gene cluster, a super-rogue paralog of psbA of PSIl now
known as chlF, encodes Chl f synthase. ChlF forms homodimers similar to the core heterodimer of
PSIl and is a photo-oxidoreductase that acts on Chl a or Chlide a. The discovery of this new type of
photooxidoreductase has important implications for the evolution of PSII and oxygenic
photosynthesis. Progress on the identification of the proteins responsible for Chl d synthesis will also
be presented.
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0036 Phenotypic diversity in the gut: the Salmonella Typhimurium paradigm

Wolf-Dietrich Hardt?

1ETH Zurich, Institute of Microbiology, Zurich, Switzerland

Background: Salmonella Typhimurium is a frequent cause of diarrhea. We lack efficient vaccines or
therapies for this disease. This might be attributable to particular virulence strategies of this
pathogen, i.e. phenotypic diversification. Phenotypic diversification describes the formation of
genetically identical subpopulations featuring distinct phenotypes.

Objectives: We suggest that these different subpopulations perform different tasks in overcoming
defenses and subverting immune responses. Importantly, such phenotypic diversity may blunt
therapeutic interventions failing to target all subpopulations. In a first step, we are deciphering the
formation of these subpopulations and study their role in the infection, transmission and pathogen
evolution.

Methods: S. Typhimurium diarrhea features phenotypic diversity at three different stages of the
process. Phenotypic diversity occurs at the intestinal mucus lining, during virulence-factor driven
tissue invasion and during the pathogen's interaction with lamina propria phagocytes. In these
phagocytes, S. Typhimurium forms two different subpopulations with striking differences in growth
rates and antibiotic tolerance. About 80% of the phagocyte-lodged pathogen cells grow quickly and
promote an early disease onset. This subpopulation is easily killed by cell-penetrating antibiotics like
ciprofloxacin. In contrast, about 20% of the tissue-lodged S. Typhimurium cells grow slowly and
survive antibiotic therapy. We have observed, that this subpopulation can cause relapses after the
end of an antibiotic therapy. Moreover, this subpopulation serves as a long-term reservoir for
plasmid transmission.

Results: | will discuss how this might promote the spread of antibiotic resistance genes among
Enterobacteriaceae. Thus, phenotypic diversity is a fascinating aspect of infection biology with
significant practical implications.
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0037 Promotion of host cell multinucleation by a Chlamydia trachomatis inclusion membrane
protein

Maria Pequito Luis?, Luis Jaime Mota*

1UCIBIO, FCT-NOVA, Caparica, Portugal

Background: Chlamydia trachomatis is a human bacterial pathogen causing genital and ocular
infections of major clinical and public health impact. It resides and multiplies exclusively within host
cells in a membrane bound vacuole, termed inclusion. C. trachomatis delivers several effector
proteins into host cells, including Inc proteins, which localize in the inclusion membrane.

Objectives: C. trachomatis infection of mammalian cells is known to cause multinucleation, because
of an inhibition of host cell cytokinesis. This has been shown to be due in part to the Chlamydia
protease-like activity factor (CPAF) effector. Because of their privileged position at the bacteria-host
cell interface, Inc proteins are likely candidates to also participate in this process, a hypothesis which
we tested in this work.

Methods: We constructed a C. trachomatis incM gene mutant and used immunofluorescence
microscopy to compare the ability of the mutant strain to induce multinucleation in infected cells by
comparison to the parental strain and to a complemented strain (incM mutant carrying IncM in a
plasmid).

Results: We show that cervical epithelial cell lines (Hela or SiHa) infected by the incM mutant strain
displayed significantly less multinucleated cells than cells infected by the parental strain.
Furthermore, this was reverted when cells were infected by the complemented strain. Thus, IncM
likely inhibits host cell cytokinesis. We are currently generating a cpaf incM C. trachomatis double
mutant to understand if CPAF and IncM participate in the same pathway to promote host cell
multinucleation. These results will be presented.
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0038 Low ATP consumption increases persister cell formation in Escherichia coli
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Background: Most bacteria form persisters, cells that are multidrug tolerant and thus able to survive
antibiotic treatment. Recent work from our group showed that ATP depletion is associated with
persister formation, which leads to a decrease in the antibiotic target activity. On the other hand,
inhibition of translation has been suggested as a universal cause of multidrug tolerance in bacteria.

Objectives: We investigated the relationship between those two persister formation mechanisms.
We used chloramphenicol (Cam), a bacterial protein synthesis inhibitor, to induce persistence in
Escherichia coli

Methods: We evaluated the number of persister cells induced with Cam. Next, we determined the
apparent ATP consumption by monitoring the rate of translation and the level of ATP in the cells in
bulk population and single-cell level. To monitor translation activity, we measured fluorescent
intensity of the GFP. For quantitative measurement of the ATP concentration we used either a
luciferase assay or fluorescent ATP indicator “QUEEN".

Results: We found that pretreatment of E.coli with Cam significantly increase the number of
persisters. Exposure to Cam had an obvious inhibitory effect on translation and on apparent ATP
consumption. Simultaneously, with low level of translation we observed increase in ATP
concentration. We conclude that arrested protein synthesis results in a reduction in ATP
consumption and an accumulation of intracellular ATP. This leads to increased bacterial persistence.
Consistent with our previous findings, changes in ATP levels are linked to low ATP consumption.
Therefore, this discovery may provide a more informative readout for persistence than absolute ATP
concentration.
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0039 Single-cell imaging and characterization of Escherichia coli persister cells to ofloxacin

Frédéric Goormaghtigh?, Laurence Van Melderen?

IUniversité Libre de Bruxelles, Département de Biologie Moléculaire, Gosselies, Belgium

Background: Bacterial antibiotic persistence refers to the capacity of small subpopulations within
clonal populations to tolerate antibiotics. Persisters are thought to originate from dormant cells
presenting reduced metabolic activity, in which antibiotic targets are less active than in dividing cells.
Although a few studies managed to directly observe the stochastic switch at the onset of persister
cells in wild-type populations of E. coli at the single-cell level, those reports were later shown to be
problematic. Today, all persisters that were observed at the single-cell level in E. coli either originate
from high-persistent mutants or were caused by a starvation signal.

Objectives: The aim of the study is to characterize persister cells before, during and after ofloxacin
treatment without any a-priori, in wild-type exponentially growing E. coli.

Methods: We combined time-lapse microscopy in a microfluidic device with genetically encoded
fluorescent reporters and population analyses such as flow cytometry or classical killing assays to
characterize persister cells at all stages of their lifecycle.

Results: In contradiction with the prevailent model of slowly or non-growing cells being protected
from the antibiotic effect as a result of the inactivity of the antibiotics target, we found that persister
cells were actively growing prior to the addition of ofloxacin and did endure DNA damage during
exposure to the drug. The unique features of persisters were observed during recovery as they
generated long poly-nucleated filaments and underwent a second round of SOS induction, ultimately
leading to cell division.
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0040 Whole genome DNA methylation (methylome) analysis and role of Dam DNA
methyltransferase in the life-cycle of an entomopathogenic bacterium

Payelleville Amaury?, Legrand Ludovic?, Lanois Annel, Pagés Sylvie!, Ogier Jean-Claude?, Blackburn
Dana?, Clarke David?, Givaudan Alain?, Julien Brillard?

IINRA - Univ. Montpellier
2INRA - Univ. Toulouse
3University College Cork

Background: DNA methylation is an epigenetic mechanism involved in the pathogenicity of several
major bacterial pathogens. It can decrease the affinity of some transcriptional regulators to their
binding site, leading to sub-populations expressing or not various genes, depending on the DNA
methylation state. Dam DNA methyltransferase is widespread in Gammaproteobacteria and
methylates the adenine of GATC sites.

Objectives: The role of Dam was investigated in Photorhabdus luminescens during its symbiosis with
a soil nematode and during its pathogenic stage in insects.

Methods: SMRT sequencing (PacBio), which allows identification of the DNA methylation of the
whole genome (methylome), RNAseq and phenotypic analysis were performed in a P. luminescens
strain overexpressing Dam.

Results: Dam overexpression caused a decrease in motility whereas it increased biofilm formation.
While symbiosis ability of the Dam overexpressing strain was not significantly different from that of a
control strain, the nemato-bacterial complex displayed an impaired pathogenicity in insect, as also
observed after direct insect injection of the bacteria alone. Transcriptomic analysis revealed that the
observed phenotypes were related to differences at the transcriptional level. More than 99% of the
GATC sites of the genome were found methylated and DNA methylation levels did not change over
growth kinetics. However, the Dam-overexpressing strain displayed more methylated GATC sites
than the control and most of these sites were located in promoter regions. These sites may be
involved in the observed differences in phenotypes and gene expression and provide clues to
understand the involvement of Dam DNA methylation in P. luminescens life-cycle.
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0041 Generation of a genetic tool for gauging multiple gene expression at single cell level in
Pseudomonas aeruginosa

Marta Mellini*, Massimiliano Lucidi %, Gabriella Cincotti?, Paolo Visca?, Livia Leoni?, Giordano
Rampioni?

IUniversity Roma Tre, Science, Rome,
2University Roma Tre, Engineering, Rome, Italy

Background: Single cells of a bacterial population can differ from each other with respect to gene
expression, even when genetic and environmental differences between cells are reduced as much as
possible. This phenomenon, known as phenotypic heterogeneity, has been described in several
bacterial species. However, restricted availability of adequate molecular tools for live monitoring of
gene expression at the single cell level has limited our understanding of phenotypic heterogeneity so
far.

Objectives: The aim of this project is to investigate heterogeneous gene expression among single
cells of bacterial populations, with a special focus on virulence genes in the ESKAPE pathogen
Pseudomonas aeruginosa.

Methods: In order to investigate phenotypic heterogeneity in P. aeruginosa, a genetic tool that
allows gauging multiple gene expression at the single cell level has been generated. This tool consists
in an integrative promoter-probe vector for transcriptional fusions, carrying three reporter genes
coding for three distinct fluorescent proteins.

Results: The newly generated vector has been characterized and validated via single cell expression
analysis of both inducible and constitutive promoters. Confocal microscopy imaging revealed that the
fluorescence signal from each protein can be easily discriminated from fluorescence signals of the
other proteins in single cells of a P. aeruginosa population. P. aeruginosa derivatives carrying vectors
for the simultaneous expression profiling of multiple virulence genes have been obtained.
Experiments aimed at investigating heterogeneous expression of these genes at the single cell level
are in course, both in planktonic and in structured bacterial populations such as biofilms and
swarming colonies.
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0042 Propidium iodide staining underestimates viability of adherent bacterial cells

Merilin Rosenberg’?, Nuno F. Azevedo?, Angela Ivask*

ITallinn University of Technology, Department of Chemistry and Biotechnology, Tallinn, Estonia
2National Institute Of Chemical Physics And Biophysics, Laboratory of Environmental Toxicology,
Tallinn, Estonia

3University of Porto, LEPABE - Laboratory for Process Engineering, Environment, Biotechnology and
Energy; Department of Chemical Engineering; Faculty of Engineering, Porto, Portugal

“National Institute of Chemical Physics and Biophysics, Laboratory of Environmental Toxicology,
Tallinn, Estonia

Background: Intact membrane impermeable DNA-binding stain propidium iodide (PI) is widely used
for bacterial viability staining in combination with membrane-permeable counterstains. Extracellular
DNA (eDNA) is present in various biofilm matrixes and carries potential to interfere with viability
staining results.

Objectives: Our objective was to assess if eDNA can interfere with Pl-based viability staining.

Methods: Monolayer aggregates of 24 h Staphylococcus epidermidis or Escherichia coli on glass in
phosphate buffered saline were either stained with Pl and Syto 9 in situ or harvested via sonication
before staining and visualization with epifluorescence (EM) or confocal laser microscopy (CLSM).
Fluorescein diacetate (FDA) staining and plate counts were used as controls.

Results: /n situ stained biofilms consist of 75.69+18.44% to 96.35+5.3% Pl-positive red cells for S.
epidermidis and E. coli respectively although 68% the cells of either species are metabolically active
when stained with FDA. Higher viability estimates with 19.56+8.93% to 43.50+5.30% Pl-positive cells
for S. epidermidis and E. coli respectively were achieved after harvesting adherent cells via sonication
probably due to extracellular matrix being partially removed during the process. 82% of harvested E.
coli and 89% of S. epidermidis cells were cultivable. CLSM reveals that this false dead layer of red cells
consists of cells that have green interiors under red coating layer confirming extracellular Pl signal.

In this study we show that Pl-based viability staining can significantly overestimate dead cell counts
in biofilms and possible impact of eDNA on viability staining outcome must be controlled for to avoid
underestimation of biofilm viability.
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0043 Linking single cell behaviors to the formation of multicellular patterns in a predatory
bacterium

Tam Mignot!

Laboratoire de Chimie Bactérienne, CNRS- Aix Marseille University, Marseille, France

Background: A current challenge in developmental biology is to bridge molecular and multicellular
scales. This task is especially complex in animals given that the dimension gap spans several orders of
magnitude. In this context, multicellular microbes can be especially powerful because their lifecycle
rarely exceeds a few days and it can be captured over relatively small surfaces in devices as simple as
a petri dish. In addition, these organisms allow sophisticated genetic manipulations and imaging
approaches.

Objectives: In our laboratory, we study Myxococcus xanthus for its ability to predate and develop
collectively over other microbial preys.

Methods: During this presentation, | will present an interdisciplinary approach combining genetics,
guantitative imaging and mathematical modeling to decipher how single Myxococcus cells direct
their movements and cooperate to develop collectively over prey bacteria.

Results: In general, the findings suggest that symmetry breaking and pattern formation arise by short
range interactions and propagation from discrete sites in the community.
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0044 Phase separation in bacteria revealed by super-resolution microscopies

Marcelo Nollmann?

ICentre National de la Recherche Scientifique, Centre de Biochimie Structurale, Montpellier, France

Background: Many factors in bacteria need to rapidly, precisely and stably localize to specific sub-
cellular localizations at specific times of the cell cycle.

Objectives: We investigated the mechanism by which this process may happen by using F-plasmid
localization and segregation as a model system.

Methods: We used advanced optical microscopy methods, including super-resolution, time-lapse,
and multi-focal microscopies combined to particle-reconstruction methods to discover the
mechanism of assembly of the complexe required for plasmid localization and segregation.

Results: We found that a mechanism involving liquid-vapour phase separation is responsible for the

formation of the segregation complex. This phase separation requires low-affinity interactions
between segregosome proteins as well as specific binding to F-plasmid sequences. Finally, a motor
protein is required to maintain segregation complexes in their sub-cellular localizations and to
transport them to new places upon plasmid replication.
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0045 New insights into bacterial chemoreceptor arrays by electron cryotomography

! Wen Yang?, Keith Cassidy?, Simon Ringgaard?, John S. Parkinson*

Ariane Briege
Il eiden University, Institute of Biology, Leiden, Netherlands

2University of Oxford, Biochemistry Department, Oxford, United Kingdom
3Max Planck Institute, Marburg, Germany

“University of Utah, Salt Lake City, United States

Background: Most motile bacteria contain a highly sensitive and adaptable sensory system
composed of clusters of chemoreceptors. This chemosensory system is used to detect changes in
nutrient concentrations, allows the cells to navigate towards preferential environments and is also
involved in host infection by some pathogenic bacteria. While it is one of the best understood
signallig systems to date, unraveling structure and function of the bacterial chemotaxis system
remains challenging. High-resolution analysis, using methods like X-ray crystallography or nuclear
magnetic resonance (NMR), are inherently limited to structural fragments and rely on specimens
taken out of their natural environment. Thus, they lack the larger context of the native system.

Objectives: We aim to understand the structure and function of bacterial chemoreceptors in the
native context of the array.

Methods: Here, we carried out ECT studies on chemoreceptor signaling arrays. We used subtomogram
averaging and Molecular Dynamics Flexible Fitting (MDFF) to study distinctive conformations of
receptors in different signaling output states.

Results: Our studies reveal characteristic differences between the chemoreceptor arrays between
bacterial species. We further gain insight into the structural differences of receptors in kinase
activating and inactivating states in E.coli. The receptors exhibited different conformational flexibility
in the methylation region between different kinase states, as well as characteristic structural changes
in the receptor tips. Our results provide new insights into understanding how conformational
dynamics of the receptors modulates the kinase activity.
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0046 Building the blocks of a bacterial nano-crossbow
Remi Fronzes?

1European Institute of Chemistry and Biology, Pessac, France

Background: The bacterial Type VI secretion system (T6SS) is one of the key players for microbial
competition, and an important virulence factor during bacterial infections. T6SS belong to the broad
family of contractile injection systems. All these structures comprise a tail that is composed of an
inner tube wrapped by a sheath built under an extended, metastable conformation on an assembly
platform, the baseplate. Various signals induce structural rearrangements of the sheath leading to its
contraction and to the propulsion of the Hcp-VgrG arrow into the target cell. Assembly of the tail
tube/sheath is initiated on the baseplate. In addition to controlling sheath extension, the baseplate
also serves to trigger sheath contraction. During T6SS biogenesis, the baseplate docks to a trans-
envelope complex composed of TssJ, TssL and TssM.

Objectives: Besides the critical role of the T6SS baseplate and a trans-envelope complexes, we still
lack crucial information on their biogenesis and architecture.

Methods: We used hybrid approaches combining cryo-electron microscopy (cryo-EM), biochemical
analysis, native mass spectrometry, evolutionary covariance, and molecular modelling to unveil the
assembly pathway of the T6SS membrane and baseplate complexes.

Results: We report the detailed structure of the TssKFGE baseplate wedge complex and of the
TssJLM complex from the model organism Enteroaggregative Escherichia coli (EAEC) Due to the
conservation of T6SS wedge and membrane complexes among pathogenic bacteria, the atomic
model of the TssKFGE and TssJLM complexes will facilitate the design of new therapeutic molecules
to replace or help classical antibiotherapies.
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0047 Bacterial transcription regulation: how it works and why it matters

Steve Busby?

IUniversity of Birmingham, School of Biosciences, Birmingham, United Kingdom

Background: Bacteria use a variety of mechanisms to regulate transcription

Objectives: Focussing, on transcript initiation, | will give a brief overview of the different mechanisms
that are used.

Methods: Regulatory interactions at bacterial promoters can be studied both in vitro and in vivo

Results: Recent results from studies at simple and complex E. coli promoters will be presented,
together with some biotechnology applications.
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0048 Identification of the regulon of the extracytoplasmic function sigma factor SigE in
Corynebacterium glutamicum

Koichi Toyoda!, Masayuki Inui2

1Research Institute of Innovative Technology for the Earth (RITE), Molecular Microbiology and
Biotechnology Group, Kyoto, Japan

2Nara Institute of Science and Technology (NAIST), Graduate School of Biological Sciences, Nara,
Japan

Background: Bacteria modify gene expression profile in response to environmental changes to resist
and/or adapt to the environmental states. Extracytoplasmic function (ECF) sigma factors play key
roles in such expression modification. The ECF sigma factors are bound and inactivated by cognate
anti-sigma factors under normal conditions. They are released upon environmental stress, then drive
transcription from their specific promoters. For comprehensive understanding of the function of five
ECF sigma factors encoded in the genome of Corynebacterium glutamicum, which has been used for
the industrial production of amino acids, we have identified the regulons and recognition promoters
of SigC, SigD, and SigH. However, the knowledge of the remaining SigE and SigM was limiting.

Objectives: To understand the physiological function of Sigk, we determined its regulon and
recognition promoter sequence.

Methods: Chromatin immunoprecipitation with microarray (ChlP-chip) analysis was used to identify
the genomic regions bound by SigE in vivo. Transcriptome analysis was used for detection of the
global expression alteration in gene deletion mutants.

Results: Bioinformatic analysis of the genomic regions detected by ChIP-chip analysis yielded the
consensus promoter motif recognized by SigE. This was confirmed by determing the transcriptional
start points of genes downstream of the motif. Transcriptome analysis of the anti-sigma factor-
encoding cseE deletion mutant defined the SigE regulon. Of the regulon, IppS encodes L,D-
transpeptidase, which is required for peptide bond formation of the peptidoglycan. Deletion of sigE
or IppS increased lysozyme sensitivity while cseE deletion enhanced lysozyme resistance. Thus, SigE is
important for stress resistance.
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0049 Overlapping regulons of sigma factors of RNA polymerase in Corynebacterium glutamicum

Miroslav Patek®, Hana Dostalova®, Tobias Busche?, Ji¥i Holatko?, Lenka Rucka?, Véclav Stépanek?, lvan
Barvik?, Jan Nedvera?, Jorn Kalinowski?

nstitute of Microbiology of the CAS, v. v. i., Prague, Czech Republic, Laboratory of Molecular
Genetics of Bacteria, Prague, Czech Republic

2Centrum fiir Biotechnologie, Universitdt Bielefeld, Bielefeld, Germany, Germany

3Institute of Physics, Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic,
Czech Republic

Background: Corynebacterium glutamicum is a Gram-positive industrial producer of amino acids. Its
genome encodes 7 sigma factors of RNA polymerase: primary sigma factor SigA, primary-like SigB
and 5 ECF (extracytoplasmic function) sigma factors involved in responses to defects in aerobic
respiratory chain (SigC), disturbances of cell wall integrity (SigD), cell surface stress (SigE), heat
shock (SigH) or oxidative stress (SigH and SigM).

Objectives: We strive to describe the regulatory network controlled by sigma factors of RNA
polymerase in Corynebacterium glutamicum. We tried to discover overlapping regulons belonging to
two or more sigma factors.

Methods: We combined the genome-wide technique (RNA-sequencing), a single gene analysis (in
vitro transcription, in vivo two-plasmid assay for the assignment of sigma factors to genes/promoters
and in silico homology modeling of sigma factor-promoter interactions).

Results: We have found that overlaps of sigma regulons (groups of genes transcribed with a
particulate sigma factor) are a common strategy how C. glutamicum copes with environmental
stresses. Many genes are transcribed with the major sigma factor of housekeeping genes, SigA, and
with general stress sigma, SigB. A number of SigD-dependent genes were found to be transcribed in a
much lower extent with SigH. The upstream regions of these genes also carry in many cases SigA-
and/or SigB-dependent promoters. Some of these primarily SigD-dependent genes may be thus
alternatively transcribed with as much as 4 sigma factors. Still another regulatory overlap was
detected with the SigH and SigE. Finally, expression of some genes is directed alternatively with SigH
and SigM.
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0050 Testing organizational features linking the genome structure to growth rate in very fast and a
very slow growing bacteria

Belén Bordignon?, Leila Bartroli', Leticia Larotonda?, Diego Comerci?, Alfonso Soler-Bistue?

nstituto de Investigaciones Biotecnoldgicas - Universidad de San Matin, San Martin, Argentina

Background: The genetic basis of bacterial growth rate (GR) is still unclear. Several features link
bacterial genome structure to GR. Comparative genomics show that the number of ribosomal RNA
operons (rrn) correlate to GR. In parallel, in fast-growing bacteria, the genes encoding for the flow of
genetic information- the transcription and translation machineries-are close to the origin of
replication (oriC). During exponential growth, fast growers perform multi-fork replication. Thus,
genes near to oriC benefit of higher dosage. Therefore, such positional bias can be a strategy to
maximize RNAP expression.

Objectives: We aim at experimentally testing these correlations in slow and fast-growing bacteria.

Methods: We used Bradyrhizobia as a model for slow-growing bacteria. Vibrio cholerae is a fast GR
whose genome can be widely modified by natural transformation coupled to recombineering
techniques based on lambda phage recombination sites. This allowed altering the genomic location
of S10-spc-a (S10) and the rpoBC locus which harbor most of ribosomal proteins and RNA
polymerase genes respectively.

Results: Growth curves testing different isolates showed that Bradyrhizobia bearing 2 rrn grew faster
than those bearing a single operon, independently of the culture media tested. In V. cholerae, the
relocation of S10 or rpoBC loci far form oriC led to lower GR. Close relocation displayed no phenotype
indicating that relocation process per se was not detrimental. The relocation of S10 caused a
stronger effect. These physiological alterations are probably due to differences in gene dosage that
occurs during the exponential phase due to overlapping replication rounds.
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0051 Macromolecular crowding links ribosomal protein gene genomic position to growth rate in
Vibrio cholerae

Alfonso Soler-Bistue®?, Sebastian Alguilar Pierlé2, Marc Garcia-Garcera?, Marie-Eve Val?, Diego
Comerci?, Eduardo P. Rocha?, Didier Mazel?

IInstituto de Investigaciones Biotecnoldgicas - Universidad de San Matin, San Martin, Argentina
2Institut Pasteur, Génomes et Génétique, Paris, France

Background: Ribosomal protein (RP) genes locate near the replication origin (oriC) in fast-growing
bacteria. Thus, higher RP dosage during exponential phase due to overlapping replication rounds
would optimize translation levels. We built a set of strains where S10-spc-a locus (S10), coding most
of RP, was relocated to alternative genomic positions. S10 relative distance to the oriC tightly
correlates to reduction of its dosage and growth rate.

Objectives: Uncover mechanisms linking S10 dosage to bacterial physiology.

Methods: We studied strains were only S10 location was altered. We estimated protein production.
We deep sequences their DNA and RNA. Flourescence Recovery After Photobleaching (FRAP) allowed
cytoplasm fluidity assessment.

Results: S10 location did not affect protein production at the population level. At the single-cell level,
there was less reporter synthesys when S10 was far from oriC. RNA and DNA deep-sequencing
revealed genome-wide alterations transcription and replication dynamics. The number of
differentially expressed genes and replication dynamics varied as a function of S10-oriC distance.
Transcriptionally altered genes were implicated in amino acid metabolism, transport and protein
folding. Since RP constitute a significant propotion of cell mass we hypothesized that lower S10
expression could reduce the cytoplasm macromolecular crowding, globally impairing cell physiology.
We gathered evidence supporting this idea. FRAP experiments showed higher cytoplasm fluidity
when S$10 dosage is low. Differences in growth and replication dynamics in the most affected mutans
were alleviated in a hyperosmotic context. These experiments suggest that RP location besides
optimazing protein biosynthesis, provides the ideal macromolecular crowding conditions.
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0052 Novel insights into the CbrAB expression network in Pseudomonas putida

Ines Canosa?, Rocio Barroso?, Elizabet Monteagudo-CAscales?, Sofia M. GArcia-Maurifio?, Laura
Tomas-Gallardo?, Eloisa Andujar?, Mdnica Pérez-Alegre?, Eduardo Santero?!

LUniversidad Pablo de Olavide, CABD/CSIC/JA, Molecular Biology and Biochemistry, Sevilla, Spain
2 CABIMER/ CSIC/ Univ. de Sevilla/ Univ. Pablo de Olavide/ JA

Background: The ability to recognize and convert external environmental stimuli into appropriate
physiological responses is of fundamental importance for all organisms. In Pseudomonads, the two-
component regulatory system CbrAB is responsible to the adaptation to carbon limitation. Global
analysis of the regulatory element CbrB in P. putida shows that it controls a collection of c"-
dependent genes involved in the assimilation of several amino acids but also in a number of other
physiological functions, such as chemotaxis or stress tolerance. Conversely, very little is known about
the signal that triggers the Cbr response, which is channeled through the histidine kinase CbrA. CbrA
represents a new family of sensor HKs as its structure suggests it may link signalling to transport of a
molecule. Its N terminus contains a 13 TM domain with similarity to the sodium-proline symporter
PutP from E. coli, which is connected to the C terminal catalytic HK domain which could regulate
transport through the sodium/solute symporter domain.

Objectives: Describe the CbrB regulon for a consensus CbrB-binding sequence description and
determine its contribution of in the transcriptional activation. Also, explore the regulation of CbrA
expression and the implication of the TM, PAS and HK domains in the signal transduction.

Methods: ChIP-seq analysis and point mutagenesis to the DNA sequences necessary for its binding
and transcriptional activation. Also, we explore the control of cbrA expression and constructed
truncated versions of CbrA to follow the signal transduction.

Results: Altogether, we show an extensive view on the molecular mechanism of CbrAB activation.

53



0053 Regulation of tert-butyl hydroperoxide resistance by chromosomal OhrR in Acinetobacter
baumannii ATCC19606

Guang-Huey Lin?, Shih-Jie Chen?

1Tzu Chi University, Master Program in Microbiology and Immunology, Hualien, Taiwan
ITzu Chi University, Master Program in Microbiology and Immunology, Hualien, Taiwan

Background: OhrR is a transcriptional regulator of MarR family. In this study, we show that
Acinetobacter baumannii ATCC 19606 harbors two sets of ohrR-ohr genes, respectively encoded in
chromosomal DNA and a pMAC plasmid.

Objectives: Study the function of chromosomal OhrR in A. baumannii ATCC19606

Methods: Marker-less mutation were conducted to construct each of ohrR-ohr mutants for
functional ayalysis. By using electrophoretic mobility shift assay (EMSA), chromosomal OhrR
regulated genes were determined.

Results: We found no significant difference in organic hydroperoxide (OHP) resistance between
strains with or without pMAC. However, a disk diffusion assay conducted by exposing wild-type,
AohrR or Aohr single mutants, or AohrRAohr double mutants to tert-butyl hydroperoxide (TBHP)
found that the ohrR-ohr genes may be able to complement the function of their chromosomal
counterparts. In a survival assay conducted with Galleria mellonella |larvae, these mutants
demonstrated almost complete loss of virulence. By EMSA, we found that OhrR was able to bind to
the promoter regions of both chromosomal and pMAC ohr genes, but with varying affinity. A gain-of-
function assay conducted in Escherichia coli showed that OhrR was not only capable of suppressing
transformed ohr genes, but may also repress endogenous enzymes. Taken together, our findings
suggest that chromosomal ohrR-ohr genes act as the major system in protecting A. baumannii ATCC
19606 from OHP stresses, but the ohrR-ohr genes on pMAC can provide a supplementary protective
effect, and the interaction between these genes may affect other aspects of bacterial viability and
virulence.
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0054 RcsG, a connector of PTS to TCS in Salmonella enterica
Akinori Kato'?

IKindai University, Department of Advanced Bioscience, Nara, Japan

Background: Connectors are small proteins that mediate integration of signal(s) of a two-component
system (TCS) into outcome(s) of a TCS in bacteria. For example, PmrD transfers the signal of the
PhoP/PhoQ system into the PmrA/PmrB system, thus enabling Salmonella enterica resistant to
polymixin B in response to not only Fe3* but also to low Mg?**; the PhoP-activated small protein MgrB
inhibits PhoQ activities, closing the feedback loop.

Objectives: The facts that emergence of resistance to the last resort antibiotic colistin is largely due
to mutations in the regulatory network linked by the connectors, PmrD and MgrB, in S. enterica and
closely related Gram-negative pathogens draw attention on investigating novel connectors.

Methods: Connectors do not share significant homology in general. On one hand, this could allow
specific interaction between a connecter and its target TCS. On the other hand, it is difficult to
predict them from bacterial genomes. To uncover novel connectors involved in antibiotic resistance
and virulence regulation genetically in S. enterica, we have created and utilized small genes library.

Results: Here, we report a novel connector RcsG that links phosphotransferase system (PTS) and the
TCS ResC/ResD/RcsB. resG was found as a clone that activated the ResCDB-regulated wza-lac fusion
and a small gene, part of a cluster including PTS related genes on the Salmonella geneome. In a
spontaneous mutant background, rcsG was expressed in pts/- and ptsH-dependent manners. RcsG
interacted with RcsD in the bacterial two-hybrid system. We will discuss further the mechanism of
action of RcsG.
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0055 Novel two-component system-like elements reveal functional domains associated with
restriction-modification systems in bacteria

Daniel Bellieny-Rabelo?, Willem Pretorius?, Divine Shyntum?, Lucy Moleleki®?

IFaculty of Natural and Agricultural Sciences, Department of Biochemistry, Genetics and
Microbiology, Pretoria, South Africa
2FABI, Pretoria, South Africa

Background: A dominant cellular signaling archetype in nature is comprised by a
receptor/transmitter protein paired with a ligand-binding regulator to be affected downstream,
collectively known as two-component systems (TCS). In bacteria, histidine-kinases (HKs) are the most
common transmitter proteins in TCS. HKs commonly associate with intracellular response regulators
(RR), which transduce signals and generate responses through diverse strategies, which may range
from binding DNA or other protein to enzymatic catalysis.

Objectives: In this study, we utilize sequence analysis to identify and characterize two novel protein
domains which exhibit characteristic structural features found respectively in HKs and RRs, in a wide
range of bacteria. In addition, we aim to further expand functional and regulatory information on
members of the new domain families by conducting extensive gene-neighborhood analyses.

Methods: Multiple sequence alignments and secondary structure predictions were conducted to
allow comparisons between the new domains and canonical HK and RR domains. Newly consolidated
hidden Markov model based profiles were used to expand detection of protein sequences exhibiting
the novel domains with high sensitivity in public databases.

Results: Results revealed 94% linkage between the members of the two predicted HK and RR
domains across 519 bacterial strains. In addition to the solid structural evidence, this prominent
linkage suggests that members of these two families might comprise a novel TCS. Furthermore, the
strong presence of restriction-modification systems in the same genomic neighborhoods of these
TCS-like modules obsereved in a large phyletic spectrum may suggest a role in regulation of
protection against foreign DNA.
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0056 Antibiotics in sewage: should we be worried?

Mike Dempsey*

IAdvanced Bioprocess Development Ltd, Salford, United Kingdom

Background: Because patients taking antibiotics generally excrete a majority of the given dose, much
of this ends up in the aquatic environment, either via discharge of treated sewage or direclty in
countries without sewage collection or treatment. Given the problem of antibiotic resistance,
minimising release of antibiotics to the natural environment is of importance. Therefore, it is
important to understand the fate of excreted antibiotics during passage through sewage treatment
processes, so that improved removal can be achieved, either through optimised process operation or
the development of new process technologies.

Objectives: | will outline the main processes involved in sewage treatment, to provide essential
background information for a more complete understanding of the subsequent talks. In particular, |
will focus on the biological processes that might be involved.

Methods: My talk will not include experimental results but will, instead, focus on methods of sewage
treatment. For example, trickling filters, the activated sludge process, sequencing batch reactors, and
more modern biofilm-based processes.

Results: Although there are no experimental results to present, different process technologies will be
evaluated in terms of either their actual or potential removal efficiency.
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0057 Antibiotic removal during biological wastewater treatment - Reactor design and modelling of
biofilm systems

Benedek Plosz*

LUniversity of Bath, Chemical Engineering, Bath, United Kingdom

Background: The concept of Moving Bed Biofilm Reactors is recognized as a cost effective solution
for upgrading wastewater treatment plants to meet e.g., EU limit of carbon and nitrogen in the
effluent. Compared to activated sludge systems, increased micropollutant removal efficiency was
reported for numerous pharmaceuticals in biofilm systems.

Objectives: A review of recent advances in antibiotic micropollutant (AMP) removal from wastewater
is presented. The main focal areas include (i) enhanced removal in biofilm reactor systems; (ii)
modelling factors influencing AMP removal in biofilm; and (iii) relevance to water resource recovery
for agricultural reuse.

Methods: Laboratory-scale biofilm reactors systems (heterotrophic denitrifying and autotrophic
nitrifying conditions. Molecular methods for microbial community composition: lllumina sequencing,
guantitative PCR and FisH. One-dimensional advection-diffusion simulation models using Aquasim
and MatLab.

Results: Regarding potential design solutions to enhance biogeochemical AMP, biofilm reactor
staging was assessed as a means to engineer microbial community composition to enhance AMP
removal through heterotrophic denitrification. Additionally, the impact of external carbon dose on
AMP removal was assessed using methanol and ethanol in post-denitrifying biofilm systems.
Moreover, an innovative biofilm carrier with the propensity of maintaining defined biofilm thickness
was evaluated as a means to increase AMP removal in moving bed nitrifying biofilm reactors.

Additionally, advances in modelling factors influencing AMP removal in biofilm in terms of diffusion
and sorption of AMPs as well as the impact of growth substrate availability on APM removal is
presented. Finally, the significance of biogeochemical AMP removal on sustainable wastewater
resource recovery technology is evaluated.
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0058 Understanding the sorption and biotransformation of antibiotics in innovative biological
wastewater treatment technologies

Teresa Alvarino®?, Francisco Omil?, Juan Lema?, Sonia Suarez?

1Cetaqua Galicia, Santiago de Compostela, Spain
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Background: In the last years, new wastewater treatment technologies based on the combination of
different redox conditions and biomass conformation have been developed.

Objectives: This research is focussed on understanding the sorption and biotransformation of
antibiotics in these innovative technologies due to the information about this topic is scarce.

Methods: A comparative analysis of different biological wastewater treatments were carried out to
understand which operational parameters influence the sorption and biotransformation of the
antibiotics. Factors such as biomass conformation and particle size, upward velocity applied or the
addition of adsorbents have been considered.

Results: - The sorption onto the sludge of antibiotics is affected by the biomass conformation and the
particle size. In the case of the granular biomass, the sorption equilibrium is not quickly achieved and
is affected by several parameters, such as the hydraulic or the sludge retention time.

- In membrane bioreactors, the physicochemical characteristics of the membrane determine its
sorption capacity. For instance, hydrophobic membranes can absorb lipophilic compounds, whereas
charged membranes are able to retain antibiotics by electrostatic interactions.

- The cometabolic removal of antibiotics depends on several parameters, such as the biomass
concentration or the biomass primary metabolic activity.

- The antibiotics biotransformation depends on the applied redox potential. The chemical structure
of the antibiotics determines if its is prone to be removed by positive or negative redox conditions.

- The integration of different redox potentials in hybrid biological configurations constitutes a good
alternative to improve the removal efficiencies of antibiotics.
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0059 Fate and effects of cephalosporin antibiotics in the aquatic environment

Alyson Rogério Ribeiro?

!Instrumental Analytical Chemistry and Centre of Water and Environment Research (ZWU), University
of Duisburg-Essen, Essen, Germany
2Institute of Chemistry, Department of Analytical Chemistry, University of Campinas, Campinas, Brazil

Background: Human and veterinary cephalosporins can reach the environment due to their
widespread consumption, intermittent and diffuse discharge rate. Particular attention is given to this
antibiotic group due to their broad spectrum of activity and possible deleterious effects in non-target
organisms as well as pressure in antimicrobial resistance acquirement, which may be caused by the
parental drugs, metabolites and bioactive byproducts. Furthermore, fundamental abiotic
degradation processes such as hydrolysis mechanisms and rates are scarce for several
cephalosporins. Likewise, the behaviour of such compounds during water disinfection strategies (i.e.
photolysis) and the implications concerning ecotoxicological effects are still unknown.

Objectives: This work aimed at the investigation of the fate and effects of cephalosporin antibiotics
in the aquatic environment.

Methods: Physicochemical properties, consumption, occurrence in agueous matrices, available
ecotoxicity data and technical strategies employed for the degradation of compounds within this
group were critically discussed.

Results: Classical biological treatment systems cannot provide complete removal of cephalosporins,
therefore several technologies have been employed for the removal of these compounds from
aquatic matrices. In this regard, photolysis and mass transfer processes were the most investigated
ones. Cefalexin, cefradine, cefotaxime and cefazolin possess respectively the highest occurrence
score in the aquatic environment. Besides the scarcity of data concerning this group, topics were
identified where further investigations are necessary, as: ecotoxicological assessment of parental and
transformed compounds, especially using soil organisms, cyanobacteria and biofilms; abiotic
degradation rates (i.e. hydrolysis, photolysis); analysis of biologic inactivation and inclusion of
metabolites and transformation products in surface water surveillance.
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0060 Conserved eukaryotic polarity proteins direct the spatial organisation of multiple cellular
processes, including directional growth, in the fungus, C. albicans

Alexandra Brand?, Tina Bedekovic!, Mariana Almeida?, Angela Lopez Garcia®

LUniversity of Aberdeen, MIRC Centre for Medical Mycology, Aberdeen, United Kingdom

Background: The fungus, Candida albicans, grows as a commensal yeast in humans. In some, it can
cause irritating mucosal infections but, in severely immunocompromised patients, it can escape into
the bloodstream to cause life-threatening systemic disease. A primary virulence trait of C. albicans is
the morphological switch to hyphal filaments that penetrate barrier-cell layers and disrupt
underlying tissue, causing sepsis and organ failure.

Objectives: Our aim is to understand how C. albicans hyphae regulate their direction of growth in
response to physical aspects of the host environment. Our objectives are to define the sensing and
signalling pathways that regulate the positioning of cell polarity mechinery during consitutively
polarised hyphal growth.

Methods: We have developed a microfabricated, live-cell imaging system in which we have
guantified real-time directional responses and growth behaviours in C. albicans. By generating gene
deletion mutants and strains expressing GFP-tagged proteins, we have observed the temporal and
spatial reorganisation of polarity and cell-growth proteins as the hyphal tip encounters various
topographical cues.

Results: We have quantified the force applied by C. albicans hyphae as 8.7 pN, but this is dependent
on carbon source. The key regulators of directional responses, such as Cdc42, Rap1/Rsrl and Paxillin,
appear to be conserved across eukaryotic cells, but contact-dependent responses are an emergent
property of fungus-specific biology and lifestyle. Using live-cell imaging and proteomics, we find that
polarity proteins direct multiple processes that require the spatial organisation of cellular
components, including nuclear division, nuclear migration, vacuole fusion and septum formation.
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0061 Transcriptomic analysis of A fumigatus during natural noninvasive sinonasal infections in
canine patients

Ivan Valdes?, Han Wésten?, Hans de Cock?

1Utrecht University, Utrecht, Netherlands

Background: Sino-nasal aspergillosis (SNA) is a chronic erosive non-invasive fungal sinusitis
characterized by destruction of nasal- and bone tissue. Fungal plaques in dogs are white indicated no
asexual development and have a high pH. Each fungal plaque was composed of one particular fungal
genotype but individual isolates from each plaque had a high phenotypic variability suggesting in-
host adaptation.

Objectives: Transcriptomic profiling of fungi in vivo during natural infections can provide new
insights in host-pathogen interactions that might be missed in model infection systems.

Methods: RNA was isolated from fungal plaques and sequenced. After cleaning and trimming of
reads using Fastx-toolkit Kallisto was used for transcript quantification (TPM) with A. fumigatus Af293
(AspGD) as reference. Shared genes in all fungal plaques had either a low, medium or highly stable
expression. Enrichment analysis and categorization of the transcriptome was performed using
published lists of genes involved in stress, reproduction and virulence.

Results: Fungal transcriptomes shared 8029 genes and 13% had a highly stable expression level
including genes involved in general metabolism and stress response. Fungal expression profiles were
most similar when derived from the same canine patient, despite the fact that these fungi had
different genotypes. Only 6% of the shared genes showed high variability, including genes involved in
secondary metabolite expression and defense related and resistance proteins like MFS and ABC
transporters. Our results provide evidence for the absence of asexual reproduction and high pH in
the sinus.
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0062 Rmel regulates chlamydosporulation in Candida albicans

Iryna Denega®?, Arturo Herndndez-Cervantes?, Sadri Znaidit**, Lasse van Wiljick?, Christophe
D'Enfert?, Sophie Bachellier-Bassi®
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2Université Paris Diderot, Sorbonne Paris Cité, Cellule Pasteur, Paris, France

3Institut Pasteur de Tunis, Laboratoire de Microbiologie Moléculaire, Vaccinologie et Développement
Biotechnologique, Tunis-Belvédeére, Tunisia

“University of Tunis-El Manar, Tunis, Tunisia

Background: The opportunistic human fungal pathogen C. albicans is able to adopt a wide range of
morphological forms in response to environmental changes. For instance, C. albicans differentiates
into chlamydospores when incubated under nutrient-poor conditions in darkness. Chalmydospores
are large, spherical, thick-walled structures filled with lipid inclusions, often growing from filaments.
To date, the functional role of chlamydospores, as well as pathways controlling their formation,
remain elusive. Our team have demonstrated the role of the C. albicans transcription factor (TF)
Rmel, an ortholog of Saccharomyces cerevisiae regulator of meiosis, in regulating this process.

Objectives: To identify transcriptional networks governing the morphogenetic program of
chlamydosporulation in C. albicans.

Methods: C. albicans reference strains SC5314, BWP17 and their derivatives were used in this study
together with clinical isolate CEC2018. Chlamydosporulation was performed on PCB (potato-carrot-
bile) medium (Pavlatou et al., 1961). ChlIP and transcriptomic analyses were used to identify targets
of Rmel binding.

Results: ChlIP experiments suggested a role of Rmel in chlamydosporulation. In agreement, a rmel
knock-out (KO) strain was deficient for chlamydospore formation, while overexpression (OE) of RME1
increased their number. Further, OE of RME1 bypassed the requirement of Hogl and Efgl, two
regulators essential for chlamydosporulation. We also showed that the Sfl1 and Ndt80 TFs regulated
Rmel antagonistically, with opposite effects on chlamydospore formation. Screening of a collection
of TF KO strains has now identified additional regulators of chlamydosporulation. Data will be
presented that evaluate the link of these TFs with Rme1 and further unveil the regulatory network
governing chlamydosporulation.
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0063 Candida albicans pH-regulated antigen 1 (Pral), expression and interaction

Mohammad Alsarraf!, Duncan Wilson*?

IUniversity of Aberdeen, Institute of Medical Sciences, Aberdeen, United Kingdom

Background: Candida albicans Pral is secreted, binds zinc, and reassociates with the fungal cell via a
syntenically encoded plasma membrane transporter, Zrtl. This zincophore system contributes to C.
albicans pathogenicity by scavenging micronutrient. However, little is known about the regulation of
Pral expression and interaction between components of zincophore system.

Objectives:

1. To examine the effect of extracellular zinc bioavailability and ambient pH on the expression
of PRA1.
2. To understand dynamic interaction between Pral and Zrt1.

Methods: To explore expression of Pral, mCherry-tagged version of Pral was constructed, the strain
was grown in with different pH or zinc concentrations, and next, fluorescence was measured. To
understand interaction of zincophore components, mCherry-tagged version of PRA1 was
complemented into zrt1A/ pralA double mutant lacking native Zrt1 and pralA strains; also, C-
terminus truncated version of Pral was generated, and difference in fluorescent was tested using
microscopically and microplate reader.

Results: The expression of Pral was highly regulated by the ambient pH, mCherry fluorescence for
strains grown in Limited Zinc Media pH 7.5 was highest; indeed, our data showed that expression of
Pralis regulated by micromolar concentration of zinc. In addition, data showed cell fluorescent of
strain with native Zrt1 was three times higher when compared with a strain lacking Zrt1 receptor or
lacking C-terminus of Pral, suggesting the importance of Zrtl as a receptor for reassociation of Pral
to Candida cells, and C-terminus of Pral is crucial for interaction with Zrt1 receptor.
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0064 Ochratoxin A and citrinin production and migration in mold contaminated cheese

Monika Coton?!, Arnaud Auffret?, Elisabeth Poirier?, Stella Debaets?, Emmanuel Coton?, Philippe
Dantigny!

LUniversité de Bretagne Occidentale, LUBEM EA3882, Plouzané, France

Background: Penicillium verrucosum is a fungal species contaminating foods, such as cheeses, that
can lead to significant losses. P. verrucosum can produce toxic extrolites, including ochratoxin A
(OTA) and citrinin (CIT), which can cause serious physiological effect in humans.

Objectives: The objective of this study was to develop an experimental plan to evaluate the
migration of these two mycotoxins in P. verrucosum contaminated Comté cheese.

Methods: Multiple strains were compared for growth then mycotoxin production on cheese. A
strong OTA/CIT-producing strain was then selected and a spore suspension was inoculated onto
cubes of Comté cheese and incubated at 8°C (for 42 days) or 20°C (for 28 days) to mimic typical
storage at the consumer level. Fungal growth was monitored and sampling for OTA/CIT
determination was carried out at regular time intervals. Mycotoxins were then extracted and
quantified using LC-QTOF from 2 mm thick cheese slices cut out from 4 cm? cheese cubes as follows:
0-2, 2-4, 4-6 and 6-8 mm.

Results: Using this methodology, CIT and OTA production and migration was monitored in Comté
cheese for both storage temperatures. A clear shift in secondary metabolite biosynthesis was
observed for samples stored at 8°C as CIT production was highest at 14d, then decreased, while OTA
production started at 28d. For samples stored at 20°C, simultaneous production and migration of
both metabolites was observed from 7d on. The obtained data can be used for risk assessment and
we have proposed recommendations for consumers in the case of mold contaminated cheese.
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0065 The involvement of the UPR pathway in adaptive responses to antifungal toxicity in
Trichophyton rubrum

Tamires Aparecida Bitencourt?, Pablo Rodrigo Sanches?, Vanderci M. Oliveira®, Antonio Rossi?, Nilce

Maria Martinez-Rossi*

IUniversity of Sao Paulo, Ribeirao Preto Medical School, Department of Genetics, Ribeirao Preto,
Brazil

Background: Trichophyton rubrum is the most common agent of dermatophytosis worldwide. The
endoplasmatic reticulum (ER) is the gateway for the secretion pathway, responsible for post-
translation modifications, protein folding, and also participates in lipid synthesis. It responds for a
myriad of stimuli, both in and extra cellularly. Overwhelming the ER folding capacity of protein
secretion threaten homeostasis. To cope with this stress the unfolding protein response pathway
(UPR) is triggered. In yeast and other fungi, the accumulation of unfolding proteins is sensed by
transmembrane protein IRE1, which in turn cleaves an intron in downstream mRNA HAC1, allowing it
translation, followed by an up-regulation of genes required under stress.

Objectives: The purpose of this work was to characterize molecular aspects of UPR in T. rubrum after
its exposure to antifungal compounds.

Methods: RT-PCR and gRT-PCR assessed the gene modulation of irel and hac1 after T. rubrum
exposure to antifungals. Besides we analyzed the cleavage site of hacl from T. rubrum using
bioinformatics tools.

Results: The HAC1 activation occurs in the presence of both griseofulvin and terbinafine.
Furthermore, we showed an up-regulation of ire-1 and hac1 after exposure of T. rubrum to
terbinafine. The hacl splicing in T. rubrum removes 20 nt, corresponding to part of exon-2 and
intron-2. With a change in the open reading frame, a new DNA binding site arises. Thus, these results
suggest that UPR is switched on by terbinafine exposure as an adaptive response to mitigate the lipid
perturbation inside the ER. Financial support: FAPESP, CAPES, CNPq, FAEPA.
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0066 #ScienceSolstice: citizen science meets mycology
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Background: Aspergillus fumigatus is a facultative human pathogen and ubiquitous in the
environment—responsible for decaying plant matter. A. fumigatus has acquired drug-resistance in
the last 20 years, with evidence points to the use of azole-fungicides in agriculture as a driver of the
resistance seen in the clinic.

Objective: #ScienceSolstice is a citizen science project aimed at collecting A. fumigatus spores from
across the UK using a novel, passive air sampling methodology. A. fumigatus spores on samplers are
qguantified and assayed for azole-fungicide resistance. Potential drivers of azole resistance, i.e.,
composting sites and agricultural crops sprayed with azoles, are to be statistically analysed for
geospatial correlations.

Method: Air samplers left on windowsills for 8 hr were deployed by 485 UK participants and 66
global participants and sent back to the lab for growth and resistance testing.

Results: The initial collection on 21st June 2018 (summer solstice) attracted 551 participants who
collectively returned a total of 864 air samples, which grew 1,431 A. fumigatus colonies. The second
collection on 24th September 2018 (autumn equinox) attracted 306 participants who returned 490
air samples, which grew A. fumigatus colonies. Analysis of winter solstice air samples is currently
underway and the next collection round will be in March 2019. Resistance testing is on-going against
tebuconazole- the third most used azole in agricultural fungicides. Early evidence reveals pockets of
highly-resistant spores across the UK. Future work will reveal the proximity of known drivers of azole
resistance.
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0067 Modelling human skin infections using human skin explants
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IUniversity of Aberdeen, Aberdeen Fungal Group, Aberdeen, United Kingdom

Background: Around one quarter of the world’s population suffer from fungal skin infections at any
one time, with the majority of infections caused by dermatophytes and Malasezzia species. Fungal
skin infections are difficult to model in animals as many dermatophyte infections progress, and are
resolved, differently in animals. This makes it difficult to study fungal-host interactions and
responses to therapy for these pathogens.

Objectives: In order to more accurately model human skin fungal infections we chose to develop an
infection model using human skin explants.

Methods: Excess human skin from surgical procedures was obtained commercially and had the
adipose layer removed. Skin was incubated in tissue culture medium, maintaining a liquid-air
interface, so that the skin surface remained dry and exposed to air. Fungi were inoculated directly
on to undamaged skin or onto skin which was damaged by a needle. Infection was monitored by
microscopy and host responses by qRT-PCR, microscopy and proteomics.

Results: We show that human skin explants remain viable for up to two weeks. We demonstrate
that some fungi, such as Trichophyton rubrum (athletes foot), are capable of initiating infection
without prior damage, where others, such as Fusarium, require damage to establish an infection.
Using microscopy we show that infection induces apotosis in skin and that the skin responds to
infection through expression of antimicrobial peptides and cytokines/chemokines, with different
responses seen for different fungi. Finally, we show that our model can be used to model effective
antifungal therapy.
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0068 Indoormyco: DNA based profiling of indoor mycobiomes
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Background: Health risks connected to the indoor microbiome are mostly associated with poor
indoor air quality. Wherever excess moisture is available, fungi and other microorganisms can start to
grow and act as a source of indoor pollutants. This causes poor indoor air quality that is associated
with adverse health effects, such as allergies, asthma and other respiratory symptoms. In other parts
of the world, several studies have been performed trying to identify the main determinants and
important factors influencing the indoor mycobiome. These factors commonly include building type,
geography, ventilation and outdoor air influence amongst others.

Objectives: Therefore, the overarching aim of the IndoorMyco project is to improve the knowledge
about the indoor mycobiome in Northern Europe by using DNA high throughput sequencing (HTS)
analyses. By analyses of dust samples, the indoor mycobiomes will be characterized at different
spatiotemporal scales; within buildings, across buildings at larger geographical scales, as well as
throughout different seasons.

Methods: Sampling has been performed within Norwegian kindergartens throughout a year by
biweekly sampling at four different floors and by large scale sampling of 128 kindergartens
throughout Norway. Dust has been collected from specific areas on identical glass plates or on door
shelves by using flog swabs and tape. Real-time PCR has been performed covering the 20 most
common fungal species in the indoor air, including Aspergillus, Penicillium, Alternaria and
Chaetomium amongst others.

Results: Compositional differences in the indoor mycobiomes will be coupled to local and regional
environmental variation and building characteristics through multivariate analyses.
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0069 Regulation of biofilm formation in Salmonella typhimurium and Escherichia coli

Ute Rémling!
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Background: Biofilm formation is a fundamental life style of microorganisms. The transition from
motility to sessility leading to biofilm formation is regulated by the ubiquitous second messenger
cyclic di-GMP with Salmonella typhimurium and Escherichia coli being no exception.

Objectives: To unravel the molecular mechanisms of regulation of biofilm formation
Methods: A spectrum of molecular microbiology approaches

Results: In these two species, cyclic di-GMP positively regulates the expression of the orphan
transcriptional regulator csgD, a major hub of biofilm formation. Expression of csgD in S.
typhimurium is dependent on many environmental conditions and requires the catalytic activity of at
least four diguanylate cyclases, four cyclic di-GMP specific phosphodiesterases and the protein
scaffold of the GGDEF-EAL domain protein YciR. In a downstream pathway, CsgD activates production
of the extracellular matrix component cellulose through the diguanylate cyclase AdrA, which
synthesizes the cyclic di-GMP for post-transcriptional regulation of cellulose. In addition, cellulose
production is regulated by the accessory protein BcsG. Stable production of the cellulose synthase
BcsA requires the membrane-part of the alkaline phosphatase superfamily member BcsG, while its
phospholipid headgroup transferase activity is required for production of the cellulose
macromolecule. Horizontal transfer of novel signaling systems such as the cyclic GAMP signaling
system might add another level of complexity to the already sophisticated regulation of biofilm
formation.

70



0070 The BDSF quorum sensing signal controls polysaccharide production in Burkholderia
cenocepacia via modulating the intracellular c-di-GMP level
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Background: The secondary messenger c-di-GMP is a key factor controlling the transition between
motile and sessile lifestyles, with high c-di-GMP levels being indicative of the biofilm mode of growth.
In addition to its role in biofilm formation, c-di-GMP is also involved in the regulation of many cellular
functions, often in connection with virulence. The cystic fibrosis isolate Burkholderia cenocepacia
H111 uses three chemically distinct signal molecules for controlling gene expression in a cell density-
dependent manner. One of these is cis-2-dodecenoic acid (BDSF) which, upon binding to its cognate
receptor RpfR, lowers the intracellular c-di-GMP level.

Objectives: In B. cenocepacia H111 c-di-GMP controls the production of the exopolysaccharide Bep,
which is essential for a wrinkled macrocolony morphology on nutrient agar plates and pellicle
formation in standing cultures. Given that an rpfR mutant shows a wrinkled colony morphology we
investigated the role of this signalling system in Bep production.

Methods: We combined global gene expression analyses with classic molecular and biochemical
methods.

Results: We show that RpfR is a negative regulator of the Bep biosynthesis cluster and provide
evidence that RpfR is not only able to degrade but also to synthesize c-di-GMP in vitro as well as in
vivo. For full functionality of RpfR both the GGDEF and the EAL domain of the protein have to be
intact. Our data suggest that the specificity of RpfR-mediated gene regulation is dependent on
protein-protein interactions or subcellular localization rather than changes of the global cellular c-di-
GMP pool.
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0071 Staphylococcus aureus biofilms: understanding the role of cell wall anchored proteins

Joan Geoghegan'

ITrinity College Dublin, Department of Microbiology, Ireland

Staphylococcus aureus is an important human pathogen, often causing persistent, difficult to treat
infections. S. aureus frequently adopts a biofilm phenotype in host tissues and on indwelling medical
devices to resist immune and physical clearance mechanisms. Our understanding of the molecular
interactions underlying biofilm development in staphylococci has advanced remarkably over the past
decade. Cell wall anchored (CWA) proteins tether bacteria to host tissues or to indwelling medical
devices that become conditioned with blood plasma proteins. The cell to cell interactions that occur
during biofilm accumulation in S. aureus rely either on the production of a matrix of poly-N-acetyl-B-
(1-6)-glucosamine or on cell surface-located proteins. The CWA proteins FnBPA, FnBPB, SasG and
SdrC are each capable of forming interactions with identical partner proteins on a different cell
linking the bacteria together in a biofilm. Alternatively CWA proteins promote biofilm formation
through their interactions with host-derived molecules. For example, fibrinogen-binding proteins
promote bacterial clumping in fibrin-rich fluids leading to the formation of biofilm-like aggregates.
Here, recent insights into the protein-protein interactions underlying biofilm development in S.
aureus will be described
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0072 Biofilm-phage interaction dynamics and cell-cell interaction mechanics
Knut Drescher?

IMax Planck Institute for Terrestrial Microbiology, Marburg, Germany

Background: Biofilms are constantly exposed to phages in the natural environment, yet it is largely
unknown which mechanisms govern their interactions.

Objectives: To understand principle mechanisms that determine the interactions of biofilms and
phages, and how cells interact with each other in biofilms, new data acquisition and new data
analysis methods are needed.

Methods: | will first present a new microscopy and imaging technique we recently developed to
follow dynamical processes in biofilms at the single-cell level.

Results: | will then proceed to show how we applied this novel imaging technology in combination
with genetics and molecular techniques to discover basic interaction mechanisms of biofilms and
phages, how individual cells within biofilms interact with each other, and how biofilms disperse.
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Background: The archaellum is a unique motility structure, which is evolutionary not related to
bacterial flagella, but shows structural homologies to type IV pili. It achieves forward propulsion of
the cells by an ATP driven rotary motor. We have analysed the subunit interaction of archaellum
components from different archaeal species and performed detailed studies on archaellum assembly
in the crenarchaeon Sulfolobus acidocaldarius and euryarchaeon Haloferax volcanii.

Objectives: We want to understand how and when the archaellum is assembled in haloarchaea
during cell division.

Methods: Physiology, fluorescence microscopy, biochemistry

Results: /n H. volcanii we could show that cells predominantly swim when they are rod-shaped in the
early log phase. Using GFP-fusions we localized the archaellum at the poles and observed that the a
new archaellum is formed prior to cell division at the new cell pole. Interestingly, euryarchaea have
obtained the bacterial chemotaxis system by lateral gene transfer. In archaea it has to connect to the
archaellum motor complex instead to the flagellar motor. Therefore, archaellum operons contain
accessory proteins that enable CheY to interact with the archaellum motor complex. We studied the
dynamics of different chemotaxis proteins and their interaction with motor components in vivo and
in vitro.
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Background: DNA replication is initiated at chromosomal sites called origins. Replication origins and
the initiator proteins that bind them are assumed to be essential, but we have shown that in
Haloferax volcanii, life without origins is not only possible but efficient.

Objectives: The replication enzymes found in archaea and eukaryotes differ fundamentally from
those in bacteria; due to their shared evolutionary history, the former two are highly similar. For
example, the archaeo-eukaryotic replicative helicase MCM is distinct to the bacterial replicative
helicase DnaB. By contrast, the key enzyme for homologous recombination — known as RecA in
bacteria, RadA in archaea and Rad51 in eukaryotes — is conserved in all domains.

Methods: If homologous recombination is an ancestral process that predates the split between
bacteria, archaea and eukaryotes, and the evolution of their different machineries for DNA
replication, could it have been used to initiate replication in the last common ancestor?

Results: We have shown that in Haloferax volcanii, deletion of all chromosomal origins leads to the
initiation of all DNA replication by homologous recombination. Similar results have been obtained
with deletion mutants lacking Orc1/Cdc6 replication initiator proteins, which are required for origin
firing. Surprisingly, this leads to accelerated growth with no obvious defects, whereas deletion of
origins (or initiator protein genes) in yeast or Escherichia coli leads to severe growth impairment. If
homologous recombination alone can efficiently initiate the replication of an entire cellular genome,
what purpose do replication origins serve and why they have evolved?
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0083 Mechanisms of transcription in Archaea
Dina Grohmann'
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Background: Archaeal transcription is carried out by a multisubunit RNA polymerase (RNAP) highly
homologous to its eukaryotic counterpart RNAP Il. Structures of RNAPs from all three domains of life
were determined but they remained a static picture of a highly dynamic molecule.

Objectives: Understanding the conformational changes of the archaeal RNAP throughout the
transcription cycle and the influence of transcription factors on RNAP activity and conformation.
Gaining insights into transcription on the global scale in archaea.

Methods: Single-molecule fluorescence resonance energy transfer (FRET) measurements in
conjunction with classical biochemical analysis and modern sequencing approaches.

Results:

(1) Dynamics of promoter DNA bending during initiation monitored in real-time: Archaeal TBP-
promoter DNA interactions are highly dynamic and in some cases, archaeal transcription factor B
is strictly required to bend the DNA leading to a regulatory scenario akin to sigma-dependent
regulation.

(2) Conformational changes of the RNAP clamp during open complex formation: We studied the
configuration of the main mobile element of the RNAP — the so-called clamp - throughout the
transcription cycle using single-molecule FRET. This allowed us to access hitherto structurally
uncharacterised states of the RNAP clamp and to discover the influence of transcription factors
on the clamp conformation during the different phases of transcription.

(3) Direct detection of rRNA processing in Archaea: We have implemented and evaluated direct RNA
sequencing via the Nanopore sequencing technology for the archaeal and bacterial model
organisms. Among others, this allows us to follow the rRNA processing pathway and to delineate
operon transcription patterns.
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Microbial cell surface proteins play critical roles in many important biological processes, including
mediation of intercellular communication, nutrient uptake, surface adhesion, motility, and
maintaining and regulating, to a degree, cell shape. While many proteins are anchored via
transmembrane (TM) domain insertion(s) into the membrane, some are anchored to the cell surface
through covalent N-terminal links to a lipid moiety embedded in the membrane. Recently, a novel
mechanism was discovered whereby a protein is anchored to the membrane through a lipid moiety
covalently attached to a processed C-terminus. Both processing and lipid modification require an
enzyme known as an archaeosortase (ArtA). Proteins recognized and processed by ArtA carry distinct
C-terminal tripartite structures consisting of a conserved PGF motif, followed by a hydrophobic
domain and then a stretch of positively charged residues. Molecular biological, biochemical, and
microscopic analyses of the model archaeon Haloferax volcanii have confirmed the importance of the
conserved PGF motif for ArtA-dependent processing, determined that ArtA processes a diverse set of
proteins, including both Tat and Sec substrates, that play roles in processes such as motility and
mating, and also revealed the active site of the ArtA peptidase. Moreover, two proteins homologous
to enzymes required for archaetidylethanolamine biosynthesis are also critical for the processing and
lipid-mediated anchoring of ArtA substrates. Since a broad array of archaea and bacteria encode
either archaeosortases, or bacterial homologs known as exosortases - thus far studied only in silico —
these findings have important implications for cell surface biogenesis in a wide variety of
prokaryotes.
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0085 Bacterial social strategies and their consequences

Ines Mandic-Mulec?, Polonca Stefanic?, Katarina Belcijan?, Barbara Kraigher!, Maja Bolje$ié?, Iztok

Dogsa?, Tjasa Danev¢i¢!, Mihael Spacapan?, Eva Kovacec!

LUniversity of Ljubljana, Biotechnical Faculty, Ljubljana, Slovenia

Bacteria are perceived as social in that they communicate by chemical signals, organize into groups
of cells such as biofilms or engage in group movements over surfaces such as swarming. They take
part in fierce and unforgiving competitions for resources with rich arsenal of attack and defense
strategies but also practice mutualistic (cooperative) behaviors through sharing of secreted
molecules - public goods. Although it is becoming apparent that social phenotypes importantly
contribute to ecological success of bacteria we are only beginning to grasp the power of bacterial
sociality and intricate languages bacteria employ. The objective of the talk will be to provide an
overview of bacterial social ecology with the focus on kin discrimination. One of the fundamental
qguestions of social ecology is how bacteria decide whom to help and whom to attack? We have
recently shown that soil isolates of Bacillus subtilis are capable of kin discriminations (KD), which is a
differential treatment of related (kin) and less related (non-kin) individuals. By using in vitro synthetic
communities and ecologically relevant plant root model we show that KD between B. subtilis
genotypes encompasses competitive strategies between non-kin where non-kin are fiercely attacked
while kin are embraced into a common group. KD shapes territoriality and spatial patterning of
interacting genotypes, limits expansion of free riders and even promotes lateral gene transfer. The
later has implications for ecological success of the evolved genotype and consequently may
contribute to diversification of the species.
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0086 Harnessing plant-Streptomyces interactions for the discovery of novel antimicrobials

Anne Van der Meij!, Somayah Sameer Elsayed?, Gilles P. van Wezel?, Jos M. Raaijmakers?, Joost

Willemse?

nstitute of Biology Leiden, Leiden, Netherlands
2Netherlands Institute of Ecology, Wageningen,

Background: Streptomyces are filamentous bacteria that produce versatile natural products (NPs)
relevant for agriculture, biotechnology and medicine, including the majority of the antibiotics we use
in the clinic. Genome sequencing has unveiled that many antibiotic biosynthetic gene clusters are
poorly expressed under routine laboratory conditions. This is a potential reservoir of untapped
antibiotics that could be used to fight antimicrobial resistance. To identify them and elucidate their
bioactivity, we need to uncover the triggers that elicit their production. Importantly, many
Streptomyces live in symbiosis with eukaryotes, and in particular with plants. These interactions have
likely played a key role in the evolution of the high chemical diversity of NPs™.

Objectives: The STW Perspective program BacktoRoots aims to enhance plant growth and
productivity by exploring and ultimately exploiting microbial communities?. The ‘cry for help'
hypothesis entails that plants suffering from biotic stress produce signals that activate the production
of protective molecules by plant-associated microbes like Streptomyces. We aim to uncover these
signals by studying plant-Streptomyces interactions and harness them for the screening of new
antibiotics.

Methods: To study plant-Streptomyces interactions we made use of several imaging techniques,
including electron microcsopy. Genes responding to plant hormones were found by RNA sequencing
and molecular cloning.

Results: We were able to image the endophytic life-style of Streptomyces, as well as colonization and
attachment of the spores to plant seeds?. In addition, we show that the plant-defense hormone
jasmonic acid elicits the production of antibiotics, affects Streptomyces development and even may
result in new phenotypes.
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0087 Polymer breakdown through collective action of individuals in bacterial assemblages
Glen Dsouza?, Vanessa Povolo*?, Martin Ackermann®?

1ETH Ziirich, D-USYS, Ziirich, Switzerland
2Swiss Federal Institute of Aquatic Science and Technology, D-UMIK, Diibendorf, Switzerland

Background: In natural ecosystems, bacterial cells reside within spatial assemblages and often
metabolize complex plant and animal derived nutrients like complex polysaccharides, in order to fuel
essential cellular anabolic processes. As a consequence, growth and metabolism of cells brings about
a transformation in the nutrient environment, which can strongly influence the behavior of other
cells

Objectives: What growth behaviors manifest in the presence of complex polysaccharides? And how
do these behaviors influence cellular metabolism?

Methods: We use microfluidics and time-lapse microscopy to study spatial and behavioral dynamics
of individual cells associated with growth of the freshwater bacterium Caulobacter crescentus on
xylan, a ubiquitous plant polysaccharide composed of recurring xylose units.

Results: In the presence of polymeric growth substrates, newly divided cells stay in close proximities
of each other, thus effectively increasing size of a cell’s neighborhood. In contrast, cells grown in
presence of the monomer, xylose, largely lead solitary lives. We find that such collective behavior in
the presence of xylan is beneficial for individual cells for two reasons: first, to avoid a diffusional loss
and thus to potentially increase the availability of both, the exoenyzme and end product: i.e.
xylanase and xylose. Second, collective growth results in cells which are born in a microcolony to
progressively increase their growth rates, a possible benefit of being in the proximity of other
polysaccharide degrading cells. Our results elucidate the advantages of growth in spatially structured
environments and potentially shed light on a likely ubiquitous and adaptive metabolic behavior in
microbial assemblages.
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0088 Bacillus lifestyle in the tough rhizosphere world: some talent for tailoring its secondary
metabolome

Anthony Arguelles Arias?, Gregory Hoff!, Sofija Andric?, Dong Xue?, Thibault Meyer?, Victoria-
Francisca Osorio Torrens?, Nicolas Smargiasso?, Edwin De Pauw?, Marc Ongena'

IUniversity of Liege, Microbial Processes and Interactions Lab, TERRA Research Center, Gembloux
Agro-Bio Tech Faculty, Gembloux, Belgium

2University of Liege, Mass Spectrometry Laboratory (LSM-GIGA-R), Chemistry Department, Liege,
Belgium

Background: Some isolates belonging to the plant-associated Bacillus velezensis species are among
the most promising bacteria to be used as biocontrol agents to protect plants against diseases in
sustainable agriculture. These bacteria are particularly rich in genes devoted to the synthesis of
secondary metabolites retaining key natural functions for establishment and persistence in the highly
competitive rhizosphere ecological niche. Most compounds in the secretome of B. velezensis are best
characterized as antimicrobials to protect against competitors but some are seemingly more
multifunctional and also retain signaling functions.

Objectives: Our global aim is to better appreciate how far this arsenal of bioactive molecules is
actually expressed in planta and to what extent this can be modulated by rhizosphere-inherent
factors such as abiotic stress and interspecies/interkingdom cross talks.

Methods: The production of secondary metabolites was determined by combining targeted
transcriptomics (QPCR, GFP-tagged derivatives) and metabolomics (UPLC-HR-MSMS, Imaging MS).

Results: The production of different categories of compounds is specifically stimulated by Bacillus
according to the interacting partner or in response to cold stress. For instance, interaction with the
host plant drives the bacterium to very efficiently produce the surfactin lipopeptide, which clearly
contributes to its rhizosphere fitness. Upon perception of Pseudomonas, B. velezensis specifically
stimulates the formation of some polyketides and lantibiotics with antibacterial activity and in
confrontation with fungi or oomycetes, Bacillus boosts fengycin lipopeptides retaining strong
antifungal activity. These results illustrate the potential of rhizosphere-dwelling bacilli to re-direct
their secondary metabolome in an appropriate way to ensure ecological persistence.

81



0089 Message in a bubble - Communication via extracellular vesicles shapes algal bloom dynamics

Daniella Schatz?, Guy Schleyer!, Marius R. Saltvedt?, Shilo Rosenwasser?, Ester Feldmesser?, Janice
Lawrence®, Ruth-Anne Sandaa?, Assaf Vardi'

Weizmann Institute of Science, Department of Plant and Environmental Sciences, Rehovot, Israel
2University of Bergen, Department of Biological Sciences, Bergen, Norway

3The Hebrew University of Jerusalem, The Robert H. Smith Institute of Plant Sciences and Genetics in
Agriculture, Rehovot, Israel

“Weizmann Institute of Science, Department of Life Sciences Core Facilities, Rehovot, Israel
>University of New Brunswick, Department of Biology, New Brunswick, Canada

Background: Communication between microorganisms in the marine environment has immense
ecological impact by mediating trophic-level interactions and thus determining community structure.
Extracellular vesicles (EVs) are produced by cell from all kingdoms of life and can mediate
pathogenicity or act as vectors for intracellular communication. However, little is known about the
involvement of EVs in microbial interactions in the marine environment.

Objectives: We investigated the signaling role of EVs produced during the interaction between the
bloom-forming alga Emiliania huxleyi and its specific virus, EhV, which leads to demise of these large-
scale oceanic blooms.

Methods: We isolated EVs using filtration and density gradients, characterized them by lipidomics
transcriptomics and proteomics, and applied them to natural populations, infected cultures or virions
to test for their biological activity.

Results: Production of EVs is elevated during viral infection or when cells are exposed to
infochemicals derived from infected cells. These vesicles have a unique composition that differs from
that of viruses and their infected host cells. Their cargo is composed of specific small RNAs that are
predicted to target sphingolipid metabolism and cell-cycle pathways. In both lab and field
experiments we demonstrated that treatment with EVs leads to a faster viral infection dynamic. EVs
can prolong the half-life of both isolated and natural EhV virions. We propose that extracellular
vesicles are exploited by viruses to sustain efficient infectivity and propagation across E. huxleyi
blooms. Therefore, EVs may influence the fate of the blooms and the composition and flow of
nutrients through marine microbial food webs.
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0090 The colonization capacity of exogenous Lactobacillus plantarum depends on human gut
microbiota composition in vitro

Isenring Julia?, Stevens Marc J.A.2, Geirnaert Annelies !, Hall Alex3, Lacroix Christophe?, Jans
Christoph?

1ETH Zurich, D-HEST, IFNH, Food Biotechnology, Ziirich, Switzerland
2University of Zurich, Institute for Food Safety and Hygiene, Ziirich, Switzerland
3ETH Zurich, Institute of Integrative Biology, Ziirich, Switzerland

Background: Humans continuously ingest microorganisms at high numbers via food or environment.
Their dynamic behavior within the complex gut microbiota remains however unknown due to
inaccessibility of the gut microbiota. Continuous in vitro gut fermentation models offer the
opportunity to monitor colonization of such exogenous strains and to investigate individual strain
interactions within complex ecosystems.

Objectives: Here we used a state-of-the-art in vitro model for the human gut microbiota to study the
colonization capacity of the exogenous model strain Lb. plantarum NZ3400Cm.

Methods: Two different human fecal microbiota were continuously cultivated over three months
under human colon conditions using the PolyFermS model. It comprised of an inoculum reactor
containing immobilized fecal microbiota, inoculating five second-stage reactors, where Lb. plantarum
was added in a single dose. Microbiota composition, metabolite production, and Lb. plantarum
(selective plating) were monitored daily.

Results: Addition of Lb. plantarum (10E9 CFU/ml) led to steady but different colonization (tested up
to 2 months) in donor 1 (10E3 CFU/mI) and donor 2 (10E5 CFU/mI) microbiota, four days after
supplementation. The colonization capacity was not affected by the addition level (10E9 and 10E6
CFU/ml). A second supplementation did not increase strain abundance. Furthermore, Lb. plantarum
colonization did not induce detectable changes in end metabolite production of carbohydrate
fermentation. Our data showed colonization capacity of Lb. plantarum in an in vitro model of colonic
microbiota and suggests that colonization is likely determined by a donor-microbiota-specific niche.
This study also demonstrated the potential of the PolyFermS intestinal model to elucidate strain-
microbiota interactions.
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0091 Identification of the parameters driving Contact-Dependent Inhibition induced spatial
organisation within Bacterial populations

Jamie Wood*

IYork, Mathematics/Biology, York, United Kingdom

Background: Identifying how microbes are able to manipulate, survive and thrive in complex
multispecies communities has expanded our understanding of how microbial ecosystems impact
human health and the environment. The ability of bacteria to negatively affect neighbours, through
explicit toxin delivery systems, provides them with an opportunity to manipulate microbial
communities to their benefit. Contact-dependent inhibition (CDI) systems (members of Type Vb class
secretion systems) are a distinct subset of competition systems whose contribution to shaping the
spatial structure of bacterial communities is yet to be fully understood.

Objectives: In this talk | will compare the impact of different CDI systems, at both the single cell and
population level, to determine the key drivers of CDI-induced spatial organisation within bacterial
populations.

Methods: Through an iterative approach using both an E. coli experimental system and
computational modelling, we show that CDI systems have subtle and system-specific effects at the
single cell level, generating significant differences in their contribution to the spatial distribution of
bacterial populations on a solid surface.

Results: In addition to the general effect of seeding density, we show that the cost of CDI expression,
and importantly the CDI specific parameter of rate of inhibition, significantly impacts the spatial
pattern of the inhibitor and target strain. In contrast, the magnitude of the toxin-induced growth
retardation of target cells only weakly impacts organisation of the population. Our work reveals how
distinct CDI systems can differentially modify, and potentially control, the spatial arrangement within
bacterial populations.
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0092 Molecular Effectors of TB Pathogenesis
Patrick Brennan?

IColorado State University, Microbiology, Immunology and Pathology, Fort Collins, United States

Background: As recently as 2017, Mycobacterium tuberculosis caused 1.6 million deaths, and
initiated approximately 10.0 million new cases of tuberculosis worldwide (WHO, 2016).
Understanding the host-pathogen interactions of Mycobacterium tuberculosis on a molecular level is
vital to decreasing the global burden of tuberculosis disease

Objectives: Understanding the host-pathogen interactions of Mycobacterium tuberculosis on a
molecular level is vital to decreasing the global burden of tuberculosis disease

Methods: In a collection of MiniReviews, commissioned and edited by Guest Editors Kathleen
McDonough and Patrick Brennan and published in issues of Pathogens and Disease (PAD) throughout
2018, current knowledge of the field, and potential future developments, were explored from the
perspectives of the roles of: cholesterol; extracellular vesicles; macrophage manipulations;
toxins/anti-toxins; cyclic nucleotides; the stringent response; among several other topics

Results: To be discussed in this present presentation, how recent impressive progress in definition of
the structure, biogenesis, genetics and gene manipulations of cell wall components of M.
tuberculosis allows insights into the role in the pathogenesis of M. tuberculosis of such crucial cell
wall entities as: phthicerol dimycocerosate/”attenuation factor”; trehalose dimycolate/”cord factor”;
sulfolipids; lipoarabinomannan and its precursors; lipooligosaccharides; even the recently discovered
minor modifications of the cell wall core, peptidoglycan-arabinogalactan. The outcome of this
presentation in conjunction with the recent Thematic Issue in PAD will result in a comprehensive
perspective of the variety and complexity of the molecular effectors resulting in the pathology of a
global disease still of profound significance in terms of morbidity and mortality
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0093 Development of a Human challenge model for Tuberculosis

Brian Robertson?, Nitya Krishnan?, Natalie Charitakis?, Miles Priestman?, Iria Castro?, Thomas Baer?

Imperial College London, Medicine, London, United Kingdom
2Stanford University

Background: The development of new TB vaccines to replace or boost BCG has been hampered by
the lack of tractable animal models that reproduce key elements of human infection, and the paucity
of biomarkers that report on protective immunity. The development of a human challenge model for
tuberculosis could aid in TB vaccine development by measuring vaccine efficacy in humans in small
scale trials using anti-mycobacteria immune responses as the read out.

Objectives: To construct mycobacterial reporter strains suitable for intradermal detection, and
demonstrate loss of signal in response to vaccination or drug treatment using non-invasive imaging.

Methods: Fluorescent BCG expressing red and yellow reporters were constucted and tested in a
mouse vaccination model, using a novel LED-based imaging system to capture fluorescent images
non-invasively over time.

Results: We have developed a skin-based challenge model using fluorescent BCG as the reporter
strain, and a novel imaging system which captures fluorescent images non-invasively over time. Data
will be presented showing the rapid loss of fluorescent signal over time both after drug treatment,
and after BCG vaccination.

This provides the basis for future work using an attenuated M. tuberculosis strain and alternative
vaccines, and ultimately a skin-based human challenge model.
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0094 Evolution of virulence in the Mycobacterium tuberculosis complex
Roland Brosch'

Institut Pasteur, Genomes and genetics, Paris, France

Background: Mycobacterium tuberculosis, the causative agent of human tuberculosis is one of the
most widely spread human pathogens. It is estimated to have infected a quarter of the global human
population by developing specialized ways to circumvent innate and adaptive host immune
responses. This highly adapted, major human pathogen is thought to have evolved from a pool of
ancestral environmental mycobacteria, whose extant representatives are known under the name of
Mycobacterium canettii.

Objectives: The objectives of our work are to better understand the virulence determinants of
human tubercle bacilli by analysing the genome sequences of different Mycobacterium tuberculosis
and Mycobacterium canettii strains in relation with results from selected virulence evaluation
models.

Methods: Our methods consist of genome sequence analyses, phylogenetic analyses, virulence
determination in selected infection models and genetic manipulation for producing and testing
recombinant mycobacteria that can be then tested for their different phenotypes in selected models.

Results: Gain and loss of genetic regions has been key to the outstanding evolutionary success of the
tuberculosis agent. Here, selected, recently elucidated examples will be presented and discussed.
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0095 How the first-discovered mycobacterial virulence protein Erp functions

Lalita Ramakrishnan?

1Cambridge University, United Kingdom

In 1998, the mycobacterial protein Erp, a cell surface component, was the

first Mycobacterium virulence protein to be identified by targeted deletion. Erp is required for
mycobacterial growth in macrophages and virulence. However, its role in virulence remains poorly
understood. | will present new functional, biochemical and structural data that suggest its virulence
mechanism and discuss their implications.
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0096 African swine fever virus inhibition of type | interferon and apoptosis

Linda Dixon?, Ana Reis?, Samuel Connell?, Anusyah Rathakrishnan?, Lynnette Goatley?, Lauren Gates-
Tanzer?, Claire Barber?, Stephen Goodbourn?, Joanna Shisler?

1The Pirbright Institute, ASFV, Woking, United Kingdom
2University of lllinois at Urbana-Champaign, Champaign, United States
3St George's, University of London, United Kingdom

Background: African swine fever virus (ASFV) causes an economically important disease of pigs and
wild boar that can result in case fatality approaching 100%. ASFV is the only member of the
Asfarviridae family and replicates in the cell cytoplasm The virus genome contains 150 to 167
proteins open reading frames including many that are not essentail for replication in cell culture.
Many of these code for inhibitors of the host innate immune response including inhibitors of the type
| interferon (IFN) response and apoptosis. Deletion of a number of these genes has been shown to
reduce virus virulence in pigs.

Objectives: The objectives were to: 1 Identify additional ASFV encoded inhibitors of type | IFN and
apoptosis. 2. Determine the mechanisms by which these proteins function and their roles during
virus infection of macrophages and pigs.

Methods: ASFV encoded proteins that inhibit induction of reporter genes dependent on promoter
elements from the IFN beta promoter (IRF3 and NF-kB) were screened for. In a separate screen
inhibitors of the stress induced pro-apoptotic CHOP pathways were identified. Attempts were made
to delete the genes coding for the proteins from the genome of cell culture adpated or highly virulent
ASFV isolates.

Results: ASFV proteins from multigene families 360 and 505 and others were shown to inhibit
induction of IRF3 and NF-kB dependednt luciferase reporters and their targets in the relevant
signalling pathways identified. Three inhibitors of CHOP were identified. Gene deletions from virulent
ASFV resulted in virus attenuation in pigs.
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0097 cbp80/cbp20-dependent translation initiation factor (ctif) inhibits hiv-1 gag synthesis by
targeting the activity of the viral protein rev

Francisco Garcia-de-Gracia', daniela toro-ascuy?!, camila pereira-montecinos?, aracelly gaete?,

barbara royas-araya?, sebastian riquelme?, fernando valiente-echeverria?, ricardo soto-rifo?

IUniversidad de Chile, Molecular and Cellular Virology Laboratory, Virology Program, Institute of
Biomedical Sciences, Faculty of Medicine, Santiago, Chile

Background: The Human Immunodeficiency Virus type-1 (HIV-1) Gag polyprotein is synthetized from
the unspliced mRNA in a process involving a non-canonical nuclear export pathway as well as cap-
dependent and cap-independent mechanisms of translation initiation. The viral protein Rev is critical
in ensuring proper Gag synthesis during viral replication by acting as the master post-transcriptional
regulator of the unspliced mRNA. Previous data have suggested that translation of the unspliced
mRNA occurs by a cap-dependent, CBC-driven mechanism, which is active during a virally-induced
inhibition of elF4E activity. In addition, it was show that Rev interacts with the CBC subunit CBP80,
suggesting that Rev is involved in CBC-mediated translation. However, the role of other components
of the CBC-dependent translation initiation complex is unknown.

Objectives: The aim of this study is determinate the role of CBP80/20-dependent translation
initiation factor (CTIF) protein in the synthesis of Gag.

Methods: We used infection assay, overexpression and know down of CTIF, proximity ligation assay
and immunofluorecense.

Results: We show that CTIF acts as a strong inhibitor of Gag synthesis by interfering with the activity
of the viral protein Rev. We also report that the N-terminal, CBP80-binding domain of CTIF, contains
all the determinants required for this inhibitory activity. As such, both full-length CTIF and the CBP80-
binding domain interacts with Rev inducing the retention of the viral protein in the cytoplasm. We
observed the same inhibitory effect of CTIF in the synthesis of Gag of HIV-2.
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0098 Hijacking the hijackers: Escherichia coli phage-inducible chromosomal islands redirect
lambda phage packaging for their own benefit

Alfred Fillol-Salom?, Julio Bacarizo Roa?!, Mohammed Algasmi?, Alberto Marina?, Jose R Penades

Casanova!

Institute of Infection, Immunity and Inflammation, Bacteriology, Glasgow, United Kingdom
2IBV, Unidad cristalografica, Valencia, Spain

Background: Phage-inducible chromosomal islands (PICIs) are clinically relevant mobile genetic
elements widespread among Gram-positive and Gram-negative bacteria. Understanding the different
PICI packaging mechanisms is essential to comprehend their intra- and inter-generic transfer, which
contribute to bacterial evolution, host adaptation and pathogenesis.

Objectives: Hijacking and blocking phage functions is vital for the PICI molecular pirates. They usually
encode a battery of genetic resources to interfere with the phage. The objective of this study was to
characterise the mechanism employed by EcCICFT073 to hijack the phage TerS, redirecting its affinity
to package the PICI dsDNA.

Methods: We identified by in vivo (phage evolution, genetic scarless mutations, competition assays)
and in vitro (Two-hybrid assays, X-ray crystallography) experiments the molecular mechanism by
which EcCICFT073 recruits the phage packaging machinery.

Results: This study identified a novel and elegant one-shot strategy used by some cos lambda E. coli
PICIs like EcCICFTO73. Unlike other cos PICIs that carry the same phage cos sequence, EcCICFT073
carries the lambda phage cosQ and cosN, but a different cosB region (region involved in packaging
initiation). Hence, these PICIs have developed a sophisticated strategy by encoding a protein,
renamed as Rpp (Redirecting phage packaging) which forms a heterodimer with the phage TersS to
perform dual roles: i) forming a new functional hetero DNA-binding (DBD) region that will be used to
recognise the PICI cosB site; and ii) this new DBD would be unable to recognise the phage cos site,
blocking phage packaging. This novel strategy highlights PICls as sophisticated parasites in nature.
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0099 Epitranscriptomic regulation of HIV-1 gene expression

Bryan Cullen?

IDuke University Medical Center, Molecular Genetics and Microbiology, Durham, NC, United States

Background: While it has long been known that a range of virally encoded RNAs, including viral
mRNAs, bear multiple covalently modified nucleotides, the functional consequences of these
epitranscriptomic modifications have remained unclear.

Objectives: Quantify and map the epitranscriptomic modifications found on HIV-1 RNA and
determine their effect on viral replication and gene expression

Methods: We used UHPLC MS/MS to quantify modified nucleotides on highly purified viral RNA and
a range of molecular biological techniques to determine their phenotypic effect.

Results: Analysis of purified HIV-1 genomic RNA demonstrates the presence ~14 A residues
methylated at the N6 position (m°®A), ~11 C residues methylated at the C5 position (m°C) and >60
nucleotides modified by 2’0 methylation of the ribose moiety. Using overexpression and/or genetic
ablation strategies, as well as by mapping and mutational inactivation of specific viral mMRNA m°®A
addition sites, we previously demonstrated that m®A residues boost HIV-1 replication. We have now
extended this work by mapping the m>C residues found on HIV-1 genomic RNA and mRNA, and by
identifying the primary m>C “writer” as cellular NSUN2 and the m°>C “reader” as MBD2. Importantly,
loss of NSUN2 function not only prevents m°C addition to HIV-1 transcripts but also inhibits HIV-1
replication by reducing HIV-1 mRNA translation and by deregulating alternative splicing of HIV-1
mRNAs. These data therefore identify m>C as a second epitranscriptomic modification that promotes
HIV-1 replication.
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0100 Unveiling the molecular mechanism of phage arbitrium communication system
Alberto Marina®?, Francisca Gallego del Sol*, Jose Penades?

Instituto de Biomedicina de Valencia (CSIC), Genomic and Proteomic, Valencia, Spain
2Institute of Infection, Immunity and Inflammation, University of Glasgow, Glasgow, United Kingdom

Background: Bacteriophages can control their life cycles via density-dependent lytic-lysogenic
decisions. This decision severely impacts both viral and bacterial ecology and evolution. It has been
recently described that Bacillus phages use a communication system, termed “arbitrium”, to
coordinate lysis-lysogeny decisions. Arbitrium system communicates by producing a hexapeptide
(AimP) during their lytic cycle that is secreted to the medium. Once internalized, the peptide reduces
the expression of the negative regulator of lysogeny AimX by binding to the transcription factor
AimR, promoting lysogeny. Thus, the relative population of active phages correlates with the
concentration of AimP, determining whether the phages enter the lytic or the lysogenic cycle.

Objectives: To understand the molecular basis of arbitrium communication system,

Methods: We have elucidated the crystal structures of AimR from the Bacillus subtilis SPbeta phage
in its apo form, bound to its DNA operator and in complex with its cognate AimP regulator peptide.

Results: The structures showed that AimR presents intrinsic plasticity, sharing structural features
with the RRNPP quorum sensing family. Remarkably, AimR binds to an unusual operator with a long
25 bp spacer that interacts nonspecifically with the receptor TPR domain, while the HTH domain
canonically recognizes two inverted repeats. AimP stabilizes a compact conformation of AimR that
approaches the DNA-recognition helices, preventing AimR binding to its cognate promoter region.
Intriguingly the AimR DNA-recognition helices remain in a compatible DNA-binding conformation in
the AimR-AimP structure, opening the possibility of additional regulatory activities of AimR in its
peptide-bound state.
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0101 A new platform to visualise the effects of host proteins on HIV-1 capsid uncoating at the
single-particle level

Chantal Marquez?, Stuart Turville?, Till Boecking?®

IMolecular and Cellular Virology Laboratory, Institute of Biomedical Sciences, Faculty of Medicine,
Universidad de Chile, Santiago, Chile
2Kirby Institute, UNSW Sydney, Sydney, Australia

3EMBL Australia Node in Single Molecule Science and ARC Centre of Excellence in Advanced Molecular

Imaging, School of Medical Science, UNSW Sydney, Sydney, Australia

Background: A key step in the HIV-1 infection cycle is the disassembly of the capsid shell that

protects the viral genome, a process referred to as “uncoating”. Recent studies have shown that host

cell factors regulate uncoating, but the complete mechanism remain unclear. The fragility of the
capsid has so far hindered the development of methods to detect single steps in the process.

Objectives: Here, we have developed a novel fluorescence microscopy method to follow the real-
time uncoating kinetics of individual HIV capsids to study the binding of proteins and assess their
effect on uncoating.

Methods: GFP-loaded viral particles are permeabilized with a pore forming protein and we (1)
pinpoint the first defect of the capsid by detecting the GFP release, (2) follow the disassembly
kinetics of the remainder of the lattice by “painting” it with a fluorescent marker, and (3) extract
binding kinetic parameters of CA-binding proteins with the core.

Results: Our results show that spontaneous HIV-1 uncoating is initiated very soon after
permeabilization of the viral envelope. Opening of the lattice is the rate-limiting step of uncoating,
which is followed by rapid, catastrophic collapse. Addition of the capsid-binding inhibitor PF74
accelerates capsid opening but stabilizes the remaining lattice, while the binding of IP6 strongly
delays core opening but does not prevent lattice disassembly thereafter. Our observations suggest
that HIV-1 capsid uncoating can be dissected in two steps, capsid opening and lattice disassembly
and that they can be controlled independently by different capsid-binding regulators.
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0102 Dengue virus NS5 polymerase counteracts PML-mediated intrinsic immunity

Federico Giovannoni', Maria Fatima Ladelfal, Martin Monte?, David Jans?, Peter Hemmerich?, Cybele

Garcia?

1School of Sciences, University of Buenos Aires, Argentina
2Monash University, Clayton, Australia
3 Leibniz Institute on Aging — Fritz Lipmann Institute, Jena, Germany

Background: Dengue fever, caused by dengue virus (DENV) infection, is an important public health
problem threatening 40% of the world’s population. Currently there is no antiviral therapy against
DENV; its development requires a better understanding of virus-host interactions and antiviral
immunity. Besides innate and adaptive immunity, intrinsic immunity in individual cells plays a key
role in the control of viral infections. Intrinsic immunity depends on cellular proteins that block viral
replication at any stage of the virus life cycle. Promyelocytic leukemia (PML) protein contributes to
intrinsic immunity against many viruses and is the key organizer of nuclear bodies (PML-NBs), which
are discrete structures within the nucleus of mammalian cells. There is increasing evidence involving
PML as a DNA virus antiviral factor, but less information is available regarding the role of PML against
RNA viruses, including DENV.

Objectives: Characterize the role of PML as a mediator of intrinsic immunity against DENV.
Methods: A549 cells and the four different serotypes of DENV were used throughout the study.

Results: By performing knock-down and overexpression studies, we demonstrated that PML displays
antiviral activity against DENV. We showed that, in infected cells, PML-NBs are disassembled after
DENV infection and we proved that the DENV polymerase (non-structural protein 5, NS5) interacts
with PML to disrupt PML-NBs and counteract PML-mediated intrinsic immunity. These data are
expected to contribute to the understanding of the biological principles underlying DENV strategy to
evade the host antiviral response.
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0103 Isolation and characterization of temperature sensitive mutants of mycobacteriophage d29
Shrestha Ghosh!

1Bose Institute, Microbiology, KOLKATA, India

Background: Mycobacteriophage D29 is a lytic phage which infects various species belonging to the
genus Mycobacterium which includes the causative agent of tuberculosis. D29 phage exits the
infected host cell by a lytic process. Temperature sensitive (ts) mutants which do not produce
plagues at the non- permissive temperature (42°C) are cornerstones of molecular biology,
particularly in the case of Mycobacteriophage meta-genome, which is at present, a veritable black
box. The genome of this phage comprises as many as 80 open reading frames (ORFs). However apart
from a few proteins encoded by these ORF, the function of most are unknown. Though for some
proteins in silico leads are available, only a small number has been bio-chemically characterized.

Objectives: Our objective is to undertake a mutational approach towards understanding how
mycobacteriophage D29 proteins function.

Methods: The methodology adopted is a forward genetics approach in which the phage was mutated
randomly using hydroxylamine resulting in the inactivation of open reading frames without bias
followed by transcription analysis of the mutants.

Results: Several thermosensitive mutants of the mycobacteriophage D29 were obtained. The
mutants were characterized using temperature shift assays, growth curves, and transcriptional
analysis of infected host bacteria at non-permissive temperature. We were able to characterize two
mutants, namely ts10 and ts12.Temperatureshift assays and transcriptomic analysis revealed that
ts10 is an early mutant due to low transcript abundance of early genes (gp89) whereas ts12 is a late
mutant due to low abundance of a late gene (gp12) which is a lysin.
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0104 Shedding-light on the mechanical properties and structural changes of E. coli following T4
phage infection

Edo Bar-Zeev?, Shiju Abraham?, Yair Kaufman?

1Zuckerberg Institute for Water Research, midreshet ben-gurion, Israel
?Zuckerberg Institute for Water Research, Israel

Background: Viruses, are ubiquitous nano-parasites that infect a wide spectrum of hosts, ranging
from humans to archaea, with bacterial viruses (phages) being the focus of this study. Significant
efforts were previously made to study the mechanisms that take place during E. coli phage infection.
Yet, the changes in the mechanical properties and cell topography of E. coli during phage infection
were not explored.

Objectives: The overarching goal was to study in-real time the structural and mechanical changes of
E. coli biofilms during phage infection.

Methods: Initially, E. coli cells were immobilized and grown on a positively charged lipid bilayer that
was prepared on a glass coupon. Nano-scale images of the cell wall structure were captured in real-
time using atomic force microscopy (AFM). Concomitantly, lyses of the cells were visualized by
live/dead tagging while viscoelasticity and deformation of the cells were measured in-situ with the
bio-force spectroscopy.

Results: Our results indicate that after one hour of T4 infection the outer-membrane of E. coli cells
was highly perforated, exhibiting cavities of up to 350 nm in diameter (Fig. 1). Within that first hour
of T4 infection, E. coli cells were structurally intact, yet significantly (1 fold) harder. During the second
hour the E. coli cells were perforated and exhibit softer behavior 2-800 KPa, following complete cell
lysis. We surmise that these results shed new light on E. coli infection which could provide additional
information toward E. coli biofilm control.
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0105 Beyond CRISPR: The immune system of bacteria
Rotem Sorek!

IWeizmann Institute of Science, Department of Molecular Genetics, Rehovot, Israel

Background: The arms race between bacteria and phages led to the development of sophisticated
anti-phage defense systems, including CRISPR-Cas and restriction-modification systems. However,
evidence suggest that many yet unknown defense systems reside in microbial genomes.

Objectives: Our aim is to systematically characterize the bacterial defense arsenal against phages.

Methods: For this, we examine gene clusters found within “defense islands” in >45,000 bacterial and
archaeal genomes. Candidate systems are tested within model bacteria for their ability to provide
resistance against a wide array of phages.

Results: We discovered a large number of anti-phage defense systems, including systems that
adopted components of the bacterial flagella and condensin complexes, as well as systems
suggesting an ancient ancestry of innate immunity components shared between animals, plants, and
bacteria. The talk will describe progress in mechanistic understanding of these recently discovered
systems.
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0106 Genome hypermobility by lateral transduction
Jose Penades!

IUniversity of Glasgow, Glasgow, United Kingdom

Background: For the first time in 60 years, and using the pathogen Staphylococcus aureus as a model,
we have discovered a new mechanism of genetic transduction. This new mechanism, which we have
named lateral transduction, is at least 1,000 times more efficient than any currently known
mechanism of transduction, with the ability to transfer large sections of bacterial chromosomes
(several hundred kilobases) between bacteria at extremely high frequencies. In fact, lateral
transduction elevates the concept of mobile genetic elements well beyond that of defined DNA
elements, by transforming sections of the genome into hypermobile platforms that are capable of
transferring any genetic element within their boundaries at incredibly high frequencies. The
discovery of lateral transduction could help to explain the rapid evolution of bacteria that occurs, for
example, in the development of multi-drug resistant strains. Since phages are by far the most
abundant biological entities on the planet, the importance of genetic transduction as one of the
principal drivers of microbial evolution has never been more apparent than with the discovery of
lateral transduction.

Results: Our recent discovery challenges the perception about the impact that phages may have on
bacterial evolution. It is therefore imperative to address critically an important question surrounding
this process: is lateral transduction exclusive to S. aureus phages or is it widespread in nature? We
will answer here this question, providing new mechanisms involving bacteriophages in bacterial
evolution, including antimicrobial resistance.
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0107 Why so many types of mobile genetic elements?
Eduardo Rocha'?

nstitut Pasteur, Genomics and Genetics, Paris, France
2CNRS UMR 3525, Paris, France

Background: Evolutionary processes are typically described as the result of mutation, descent and
selection. Many microbes lack sexual reproduction but have the ability to acquire genetic
information from very distantly related organisms. Horizontal gene transfer allows the instantaneous
acquisition of new complex adaptive traits and their transmission to subsequent generations. This
speeds up evolutionary processes as exemplified by the acquisition of virulence traits in emerging
infectious agents and by antibiotic resistance in many human bacterial pathogens.

Objectives: Understand why there are so many different types of MGE

Methods: Comparative genomics, modeling, evolutionary methods.

Results: I'll describe how differences between mobile genetic elements in terms of mechanism of
transmission between cells and mechanisms of stabilization within cells can shape their lifestyle and
affect the traits they spread in bacterial communities.
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0108 Comparative transcriptomics identifies a single SNP mutation that controls virulence of
African Salmonella

Jay Hinton'

nstitute of Integrative Biology, Liverpool, United Kingdom

Background: With 3.4 million infections each year, invasive non-Typhoidal Salmonella (iNTS) is a
major cause of illness worldwide. In Sub-Saharan Africa, which carries the heaviest iNTS burden,
bloodstream infections with iNTS Salmonella enterica serovar Typhimurium are causing ~388,000
deaths annually. Co-infection with HIV or malaria in adults, and a young age (<5 years) are known risk
factors.

Objectives: Whole-genome sequencing of iNTS strains revealed a new sequence type (ST313) that
showed high similarity to the well-studied non-invasive S. Typhimurium ST19 responsible for
gastroenteritis. The core genomes of two representative strains of ST313 (D23580) and ST19 (4/74)
differ by 856 SNPs. We hypothesized that phenotypic differences between strains D23580 and 4/74
would reveal the properties of ST313 responsible for invasive human disease.

Methods: The primary transcriptomes of D23580 and 4/74 were defined by a combined RNA-
seq/dRNA-seq approach (Kroger et al., 2013), and we used the transcriptomic data to compare
expression of bacterial promoters. We used functional transcriptomics and proteomics to discover
phenotypic differences that distinguish African from global Salmonella pathovariants (Canals et al.,
2019)

Results:

Our analysis led us to identify a single core genome SNP responsible for the up-regulation of a
promoter in strain D23580 that controlled the expression of the S. Typhimurium PgtE virulence factor
(Hammarlof et al., 2018). We propose that the ability of S. Typhimurium ST313 to express high levels
of PgtE contributes to bacterial survival during systemic infection, and has contributed to the pan-
African epidemic of bloodstream infection.

References

Canals et al. (2019) Adding function to the genome of African Salmonella Typhimurium ST313 strain
D23580. PLoS Biology 17(1): e3000059.

Kroger et al. (2013) An Infection-relevant transcriptomic compendium for Salmonella enterica serovar
Typhimurium. Cell Host & Microbe 14: 683-695.

Hammarlof et al. (2018) Role of a single noncoding nucleotide in the evolution of an epidemic African
clade of Salmonella. Proc. Nat, Acad. Sci. USA 115: E2614 - E2623.

102



0109 The role of genetics and evolution in Staphylococcus aureus infection
Daniel Wilson?

IUniversity of Oxford, Big Data Institute, Oxford, United Kingdom

Background: Like other major bacterial pathogens, S. aureus asymptomatically colonizes the human
body far more frequently than it causes severe infections.

Objectives: This raises the question of what are the evolutionary and genetic differences between
infection and asymptomatic colonization?

Methods: To address this question we have sequenced and analysed S. aureus genomes to chart
evolution within hundreds of healthy and infected patients, and to discover genetic differences
associated with bacteria infecting and colonizing thousands of unrelated cases and controls.

Results: These studies reveal surprising differences in the genetic basis of different types of infection,
and reveal signatures of bacterial adaptation within the human body to selection pressures that are
as yet incompletely understood.
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0110 Role of the microbiome in the defense against antibiotic resistant pathogens
Carles Ubeda*

IFISABIO, Gendmica y Salud, Valencia, Spain

Background: Antibiotic resistant pathogens (ARPs), such as vancomycin-resistant Enterococcus (VRE)
or multidrug-resistant Enterobacteriaceae (MRE) are an increasing problem in hospitalized patients.
Infections with ARPs frequently begin by colonization of the intestinal tract. In normal conditions our
microbiome suppresses intestinal colonization by ARPs. However, antibiotic treatment alters the
microbiome and enables ARPs to densely colonize the gut, which promotes ARP dissemination to the
bloodstream and transmission to other patients.

Objectives: The identification of commensal bacteria that are key for suppressing ARP intestinal
colonization and the mechanisms of such protection.

Methods: We have used a mouse model of infection, a multi-omic approach to characterize the
microbiome (i.e. metagenomic, transcriptomic, metabolomic and culturomics) and in vitro models in
order to identify commensal bacteria that restrict ARP intestinal colonization and to define possible
mechanisms of protection.

Results: Metagenomic sequencing, in combination with culturomics and mouse models of infection
identified specific commensal bacteria that restrict intestinal colonization of VRE (i.e. Barnesiella,
Alistipes, Ruminococcaceae and Olsenella consortium) and MRE (i.e. Lactobacillus). In vivo
transcriptomic and metabolomic analysis in combination with in vitro models suggest that the
identified protective commensals prevent VRE and MRE gut colonization through competition for
nutrient sources and production of inhibitory molecules, respectively. Our results may allow the
design of alternative therapeutic approaches, based on the functional capacity of the gut
microbiome, in order to prevent infections by pathogens resistant to nearly all available antibiotics.
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0111 Microbe Atlas Project: analyze and compare your microbiome sample to a global reference
set of a million microbiome samples

Jodo Frederico Matias Rodrigues?, Gregor Rot?, Janko Tackmann?, Sebastian Schmidt?, Christian von

Mering?!

IUniversity of Ziirich, Institute of Molecular Life Sciences, Ziirich, Switzerland
2EMBL Heidelberg, Heidelberg, Germany

Background: Large amounts of metagenomic sequence data have been collected from diverse
microbial communities across the globe. The sheer amount of data, the differences between
sequencing protocol and bioinformatics tools used, makes the quick and direct comparison of results
across studies a cumbersome and difficult task.

Objectives: The Microbe Atlas Project (MAP) is a database, analysis platform and web resource
providing access to more than one million analysed metagenomics samples. It aims to support and
standardize microbial research by providing an online analysis pipeline and an integrated,
consistently analysed set of reference metagenomics samples.

Methods: More than a million sequencing runs were obtained from the NCBI Sequence Read Archive
and analysed using the MAPseq software. The closed reference 165/18S ribosomal RNA reference
used by MAPseq provides two advantages: 1) it enables consistent and comparable quantification of
microbial taxa abundance across data originating from different sequencing approaches (shotgun,
165/18S ribosomal RNA amplicon, and transcriptomic), and 2) enables the quantification of
abundances for unclassified and poorly studied microbial taxa. Furthermore, the estimated microbial
abundances were used to cluster the analysed samples into groups using microbial community
similarity, enabling the identification of significant differential microbial abundances using the
ZINBWAVE R package.

Results: The MAP database and web resource (http://www.microbeatlas.org/) enables researchers

to upload and analyse their own sequence data, providing information on the typical environments
of identified microbial taxa, as well as compare and identify significant differences in taxa
abundances between their samples and typical microbial communities found in similar
environments.
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0112 Deciphering microbial interactions in a model microbiome
Manon Morin?, Emily Piercel, Rachel Dutton®?

IUniversity of California San Diego, Division of Biological Sciences, La Jolla, United States
2University of California San Diego, Center for Microbiome Innovation, Jacobs School of Engineering,
La Jolla, United States

Background: Microbial communities, also known as microbiomes, are ubiquitous and contribute to
essential functions to sustain life on Earth. Microbial community structure and function rely on
complex interactions whose underlying molecular mechanisms are poorly understood. Characterizing
these interactions and associated mechanisms is key to uncover the principles governing microbial
communities.

Objectives: Using a simple model microbiome from cheese rind, we aimed to design a novel strategy
to investigate microbial interaction mechanisms. Also, relying on a bottom-up approach, we worked
on understanding how interactions are structured in a microbiome and identify whether they are
simple pairwise or more complex interactions.

Methods: To investigate these interactions in a simple microbiome, we introduced E. coli into an
experimental community based on a cheese rind and identified the differences in E. coli’s genetic
requirements for growth in interactive and non-interactive contexts (with increasing levels of
complexity) using Random Barcode Transposon Sequencing (RB-TnSeq) and RNASeq.

Results: Genetic requirements varied among pairwise growth conditions and between pairwise and
community conditions. Our analysis points to mechanisms by which growth conditions change as a
result of increasing community complexity and suggests that growth within a community relies on a
combination of pairwise and higher-order interactions. Our work provides a framework for using the
model organism E. coli as a readout to investigate microbial interactions regardless of the genetic
tractability of members of the studied ecosystem.
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0113 Effects of maternal gut and breast milk microbiota on the infant gut microbiota composition,
resistome and mobile genetic elements

Katariina Pdrndnen?, Antti Karkman®?3, Jenni Hultman?, Reetta Satokari*, Christina Lyra’, Johan

Bengtsson-Palme®?, Joakim Larsson?3, Himanshu Kumar®, Seppo Salminen®, Samuli Rautava’, Erika
Isolauri’, Marko Virta!

IUniversity of Helsinki, Department of Microbiology, Helsinki, Finland

2Department of Infectious Diseases, University of Gothenburg, Gothenburg, Sweden

3Center for Antibiotic Resistance research (CARe) at University of Gothenburg, Gothenburg, Sweden
“University of Helsinki, Inmunobiology Research Program, Helsinki, Finland

*Department of Infectious Diseases, University of Gothenburg, Gothenburyg,

®University of Turku, Functional Foods Forum, Faculty of medicine, Turku, Finland

“University of Turku, University of Turku and Turku University Hospital, Turku, Finland

Background: The fecal bacterial microbiota of infants harbor diverse resistomes, distinct from those
of adults. Antibiotic resistance genes are generally more abundant in infants, but their origins are
largely unknown as they can be found even in infants without antibiotic exposure, although some of
the genes are likely to be transmitted from the mother.

Objectives: Our objective was to determine the effects that maternal microbiota has on infant
resistome and microbiome.

Methods: We studied the taxonomic composition, resistome and mobile genetic elements of the
infant gut as well as maternal gut and breast milk microbiomes using shotgun metagenomic
sequencing.

Results: Infant gut resistomes were largely shaped by bacterial phylogeny with Escherichia coli being
highly correlated with resistance gene abundance. The resistance gene and mobile genetic element
profiles of infants were more similar to their own mothers” gut microbiota than to the microbiota of
unrelated mothers. Interestingly, the same phenomenon was observed with the mobile genetic
elements found in breastmilk. In addition, we observed that termination of breastfeeding and
intrapartum antibiotic prophylactic treatment of mothers were linked to higher abundances of
specific antibiotic resistance genes and mobile elements. We show that resistance genes and mobile
genetic elements can be transferred from the mother to the infant gut directly via breast milk and
indirectly from the maternal gut. Our results suggest that infants inherit the legacy of past antibiotic
consumption of their mothers, but that the gut microbiota composition yet has a major impact on
the overall resistance load.
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0114 Escherichia coli prevents Salmonella Typhimurium infections after diet-shift-mediated
microbiota perturbation

Markus Kreuzer?, Sandra Y. Wotzka?!, Wolf-Dietrich Hardt!

nstitute of Microbiology, D-BIOL, Ziirich, Switzerland

Background: An unperturbed microbiota blocks Salmonella gut colonization, the essential first step
of the infection. In spite of this colonization resistance, Salmonella diarrhea remains prevalent in
humans. Antibiotic-mediated microbiota perturbation can only explain a fraction of these infections.
Thus, unknown factors may promote infections. Based on its known microbiota-modifying activity,
we assessed shifts in food composition.

Objectives: We aimed to explore the role of short-term high-fat diet exposition and the mechanistic
background of increased S. Typhimurium gut colonization. We wanted to assess the effect of
increased bile salt levels as one driver of boosted S. Typhimurium colonization.

Methods: To explore the role of fat, we supplemented mice on maintenance diet with fat, oleic acid,
a common fatty acid and major fat-degradation product, and bile salts. Subsequent infection with
wild-type S. Typhimurium or mutants thereof helped to determine what factors are crucial for
colonization.

Results: Shifting E. coli-free mice for 24h to high-fat or corresponding control diets boosted S.
Typhimurium gut colonization and bloom-driven plasmid transfer. Bile salts compromise growth of
most microbiota strains, while AcrAB/TolC-mediated efflux renders S. Typhimurium bile-resistant.
We identify elevated bile-concentrations as one underlying principle and establish a mechanistic
model of how the physiology of fat digestion perturbs colonization resistance. Competitive E. coli
growth can protect from diet-shift-promoted Salmonella colonization. This establishes diet shifts and
fat-elicited bile as potential risk factors for infection and resistance plasmid spread and identifies
commensal E. coli spp. as a potent protective shield.
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0115 Understanding how bacterial products from the microbiota enter the host, determining
where they aggregate, and their influence over immune cells at these sites.

Christine Jordan?, Tom Clarke?

Ymperial College London, Medicine, United Kingdom

Background: The microbiota is crucial for gut homeostasis by aiding in nutrient uptake, and
protecting against pathogens. Recent evidence suggests the benefits provided by the microbiota are
not restricted to the intestine but also extend to systemic sites. Systemic benefits are hypothesized
to be mediated by bacterial products, derived from the microbiota, such as peptidoglycan and
lipopolysaccharide, entering the bloodstream and acting as novel signalling molecules at distal sites.

Objectives: The precise way in which these microbial products enter the bloodstream remains largely
unclear. We plan to provide mechanistic insight into how gut microbiota derived bacterial products
enter the bloodstream, and the effect they exert on immune cells at systemic sites.

Methods: Using both in vitro and in vivo models we can examine bacterial product translocation
acorss the intestinal epithelium. Using fluorescently labbelled bacterial products has allowed us to
establish an in vivo tracking model to determine in which organs these products disseminate.

Results: Our data suggest bacterial products can cross the intestinal epithelium, and routes across
may vary between different bacterial products. We find that host processing of cell wall molecules,
by host antimicrobial lysozyme, promotes their translocation across the epithelium. Once in the
bloodstream our preliminary data provide support that the liver plays a role in clearing bacterial
products from the blood, as here we see a reservoir of peptidoglycan. This increased dissemination
of cell wall molecules additionally enhances resistance to pulmonary infection. Therefore lysozyme
treatment enhances bacterial product migration and increases host protection against systemic
pathogens.
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0116 Isolation and culture of Faecalibacterium strains from fecal samples using polyclonal
antibodies and cell sorting in anaerobic conditions

Samuel Bellais!, Maryne Ania?, Melanie Nehlich?, Jan Baijer?, Vincent Thomas!

1Bioaster, Paris, France
2Commissariat & I'Energie Atomique, Fontenay-aux-Roses, France

Background: There is a growing interest in using gut commensal bacterial species as ‘next
generation’ probiotics. However, this approach is still hampered by the fact that there is limited
number or even no strains available for specific species that are usually difficult to cultivate.

Objectives: Our objective was to adapt flow cytometry and cell sorting to be able to detect, sort and
cultivate new strains of Extremely Oxygen Sensitive (EOS) species from fecal material.

Methods: The BD Influx® cell sorter was equipped with a glovebox that covers the sorting area, and
that is fed with nitrogen to deplete oxygen in the enclosure. Several non-specific staining methods
including Wheat Germ Agglutinin (WGA), Vancomycin BODIPY™ and LIVE/DEAD BacLight were
evaluated with three different strains of the EOS species Faecalibacterium prausnitzii. In parallel, we
generated polyclonal antibodies directed against this species by immunizing rabbits with LPxTG
proteins or heat-inactivated bacteria.

Results: Anaerobic conditions were maintained during the full process, resulting in only minor
viability loss during sorting and culture of un-stained F. prausnitzii reference strains. In addition,
staining solutions did not severely impact bacterial viability while allowing discrimination between
strains. Efficient detection was achieved using polyclonal antibodies directed against heat-fixed
bacteria, whereas antibodies generated using LPXTG proteins presented only limited efficacy. Finally,
we were able to detect, isolate and cultivate a variety of F. prausnitzii strains from healthy
volunteer’s fecal samples using WGA staining and antibodies. These strains present markedly
different phenotypes, thus confirming the heterogeneity of the species.
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0117 Spatially discrete micro-niches govern root microbiome assembly

Bridget O'Banion?, Thomas Hyde?, Lindsey O'Neal?, Gladys Alexandre?, Sarah Lebeis®

IUniversity of Tennessee-Knoxville, Department of Microbiology, Knoxville, United States
2University of Tennessee-Knoxville, Department of Biochemistry & Cellular and Molecular Biology

Background: Plant rhizospheres host complex microbial communities. Two major factors influencing
the root-associated microbiome are exudate composition and microbe-microbe interactions.
Mechanistic understanding of how chemotactic localization to root exudates and subsequent
competitive interactions combine to dictate microbiome diversity remains enigmatic. Many plant
microbiome studies overlook either the biotic complexity or the spatial heterogeneity of the root
system, despite evidence that these factors strongly contribute to the evolution and maintenance of
biodiversity across ecosystems.

Objectives: We aim to identify specific microbial factors contributing to plant-microbe and microbe-
microbe interactions at different root locations. We use a range of biotic complexity (single strain to
synthetic community) and spatial heterogeneity (in vitro to in planta) to gain both a mechanistic and
holistic understanding of how individual strain phenotypes scale-up to higher-order community
dynamics.

Methods: We first define the fundamental niche of individual bacterial strains in the context of the
root by investigating exudate utilization, chemotactic localization, and bulk tissue colonization. We
then compare results from in vitro and in planta bipartite interaction assays to in silico primary and
secondary metabolic predictions to classify competitive interactions between bacterial strains. Lastly,
we assess the impact of spatial organization and competition on rhizosphere microbiome
establishment using a variety of partially overlapping synthetic bacterial communities.

Results: We find that individual bacterial strains have distinct phenotypes in the context of plant
roots and these behaviors can be explained by genetic factors. Communities with varying degrees of
metabolic overlap and antagonism have different spatial organization patterns and long-term
biodiversity levels.
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0118 Unstable Antibiotic Resistance

Dan |. Andersson'

IUppsala University, Medical Biochemistry and Microbiology, Uppsala, Sweden

Background: Bacterial populations often show heterogeneity in their levels of phenotypic antibiotic
resistance, and in a majority of cases the causative genetic mechanisms underlying the heterogeneity
remain unknown. One example of a clinically relevant heterogeneity is heteroresistance (HR) where
small subpopulations of a bacterial isolate can grow at antibiotic concentrations well above (>8-fold)
the MIC of the main population.

Objectives: To determine the prevalence and underlying mechanisms of HR in Salmonella enterica,
Escherichia coli, Klebsiella pneumoniae and Acinetobacter baumanii.

Methods: Population analysis profiling and E-tests were used to screen for HR. Whole genome
sequencing, qPCR, deletion- and overexpression-analyses were used to define the genetic
mechanisms underlying HR. Mathematical modeling were used to explore the conditions under
which HR can cause treatment failure.

Results: A screen of HR in 41 clinical isolates of several Gram-negative bacterial species against 28
different antibiotics showed that 27.4% of the 766 species-antibiotic combinations tested exhibited
HR and in most cases the observed HR was unstable. The mechanism of HR involved unstable tandem
gene amplification of various resistance genes (mainly antibiotic modifying enzymes). Mathematical
modeling showed that in the parameter range estimated in this study HR can result in the failure of
antibiotic treatment of infections with bacteria that are classified as antibiotic susceptible. The high
prevalence of HR with the potential to cause treatment failure highlights the limitations of MICs as a
unique criterion for susceptibility determinations. These results call for development of facile and
rapid protocols to identify HR in pathogens.
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0119 Predicting and preventing the evolution of antibiotic resistance across Staphylococcus aureus

Craig Maclean'

IDepartment of Zoology, University of Oxford, United Kingdom

Background: The rise of antibiotic resistance in many pathogens has been driven by the spread of a
few dominant epidemic lineages. Are successful lineages ‘lucky’, or do some strains have an
increased ability to evolve antibiotic resistance? If so, which genes/pathway accelerate the evolution
of resistance?

Objectives: Our goal was to test for variation in the ability to evolve resistance between strains of
S.aureus, and to identify the genes underlying this variation.

Methods: We challenged 12 replicate cultures of 263 clinical isolates of S.aureus with ciprofloxacin
under controlled conditions. Following this, we used extensive whole genome resequencing of
evolved isolates, RNA-seq transcriptomic profiling and GWAS to identify genes that accelerate the
evolution of antibiotic resistance. Finally, we manipulated the expression of the NorA efflux pump in
the RN4220 model strain to test the role that this gene plays in evolvability.

Results: The ability to evolve resistance to ciprofloxacin varied profoundly between strains of
S.aureus. This variation did not arise because strains followed different genetic routes to evolving
ciprofloxacin resistance. Instead, both high and low evolvability strains evolved ciprofloxacin
resistance by classic target modification mutations. We found that intrinsic variation in the
expression of the NorA efflux pump was associated with high evolvability across clinical isolates, and
we confirmed this association by manipulating NorA expression in the RN4220 strain. Importantly,
combining ciprofloxacin with the NorA inhibitor reserpine allowed us to prevent the evolution of
resistance. Our study shows that it is possible to predict and prevent the emergence of resistance.
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0120 Using higher-order drug combinations and emergent properties to combat multi-drug
resistant pathogens

Pamela Yeh!

1Univ Calif Los Angeles, Ecology and Evolution, United States

Background: Drug treatments increasingly rely on using multiple drugs in combination. Yet there is
limited understanding of how bacterial populations are impacted by higher-order
combinations — combinations with three or more drugs.

Objectives: In this talk | will explain new conceptual and experimental work to examine higher-order
interactions among antibiotics in bacterial populations, and discuss implications to combat multi-
drug resistant bacteria.

Methods: We use high-throughput experimental techniques as well as the development of novel
conceptual mathematical models.

Results: We find that higher-order drug combinations have increased percentages of interactions,
and increased anatgaonistic interactions.
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0121 Genomics-based epistasis analysis reveals fitness costs hampering the evolution of MRSA

Ruth Massey*!

IUniversity of Bristol, School of Celular and Molecular Medicine, Bristol, United Kingdom

Background: Fitness costs imposed on bacteria by antibiotic resistance mechanisms are believed to
hamper their dissemination. The scale of these costs is highly variable. Some, including resistance of
Staphylococcus aureus to the clinically important antibiotic mupirocin, have been reported as being
cost-free, suggesting there are few barriers preventing their global spread. However, this is not
supported by surveillance data which indicate that this resistance mechanism is relatively
unsuccessful.

Methods: Epistasis analysis on two collections of MRSA provides an explanation for this discord,
where the mupirocin resistance-conferring mutation of the ileS gene affects the levels of toxins
produced by S. aureus when combined with polymorphisms at other loci. Proteomic analysis
demonstrates that the activity of the secretory apparatus of the PSM toxin family is affected by
mupirocin resistance. As an energetically costly activity, this reduction in toxicity masks the fitness
costs associated with this resistance mutation, a cost that becomes apparent when toxin production
becomes necessary.

Conclusion: This hidden fitness cost provides a likely explanation for why this mupirocin-resistance
mechanism is not more prevalent, given the widespread use of this antibiotic. With dwindling pools
of antibiotics available for use, information on the fitness consequences of the acquisition of
resistance may need to be considered when designing antibiotic prescribing policies. However, this
study suggests there are levels of depth that we do not understand, and that holistic, surveillance
and functional genomics approaches are required to gain this crucial information.
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0122 Basic microbiology, chemistry and synthetic biotechnology to identify and characterize
antibiotics from microbes

Rolf Millert

IHelmholtz Institut fiir Pharmazeutische Forschung Saarland, Germany

Background: According to the World Health Organization

e Antimicrobial resistance (AMR) threatens the effective prevention and treatment of an ever-
increasing range of infections caused by bacteria, parasites, viruses and fungi.

e Antibiotic resistance is one of the biggest threats to global health, food security, and
development today.

Objectives: The presentation aims to provide knowledge about current projects and ideas aiming to
overcome antibiotic resistance by generating novel natural product based antimicrobials exhibiting
innovative mode of action.

Methods:

¢ Novel Natural Products, their resources and production processes
e Mode of action analysis of natural products

Results: Amongst the well-established bacterial producers myxobacteria have a great track record for
the discovery of entirely new natural product scaffolds exhibiting promsing bioactivities®. This is at
least in part due to the fact that they have been much less studied in the past in comparison to other
traditional sources such as actinomycetes and bacilli. Nevertheless, the issue of rediscovery is a
major hurdle for myxobacterial extracts as well. | will disucss recent results from our efforts to
culture previously uncultured myxobacteria and to connect phylogentically distant clades to novel
metabolites by metabolome and genome mining?. Examples of novel and genetically engineered
natural products in preclinical development as broad spectrum antibiotics exhibiting novel mode of
action(s) will be shown **>® In addition, | will show examples of heterologous expression of
myxobacterial compounds yielding producer strains making production of lead compounds for
pharmaceutical development feasible’.
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0123 Genetic and pharmacological inactivation of D-alanylation of (lipo-)teichoic acids re-
sensitizes pathogenic enterococci to beta-lactams
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INormandie Univ, UNICAEN, U2RM, 14000 Caen, France
2Normandie Univ, LCMT, ENSICAEN, UNICAEN, CNRS, 14000 Caen, France

Background: The dramatic increase of drug resistance in major human pathogens is a serious global
problem. Enterococci intrinsically resistant to cephalosporins are part of these critical pathogens for
which new treatment strategies are urgently needed.

Objectives: We explored if the D-alanylation system of teichoic acids (TAs) could be a promissing
drugable target to fight infections caused by drug resistant enterococci. TAs are cell wall polymers
decorated with D-alanine. Four enzymes (DItA to DItD) encoded by the dlt-operon are necessary for
the addition of D-alanine.

Methods: Growth and survival of enterococci strains were analysed after treatment with several
clinically relevant antibiotics individually and in combinations . An inhibitor of DItA was synthesized
and tested in vitro and in an infection model based on the larvae of the insect Galleria mellonella
infected with E. faecalis and E. faecium.

Results: Absence of D-alanylation does not impact the MICs towards the tested antibiotics.
Furthermore, most cephalosporins used in monotherapy had no impact on the parental strain
survival but were slightly lethal for the dItA mutant of E. faecalis. Addition of a very low
concentration of amoxicillin was synergistic under these conditions. The most spectacular effect was
obtained with a combination of cefotaxime (1ug/mL) and amoxicillin (0.03 pg/mL). In the presence of
the synthesized inhibitor, the wild-type strain was as sensitive to this combinatory treatment as the
dItA mutant. Moreover, we provide the proof-of-concept that pharmacological inactivation of DItA
with this combination is also efficient to protect the larvae against lethal infections by enterococci.
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0124 New type of synthetic antimicrobials targeting respiratory sodium pump in gram-negative
pathogens

Pavel Dibrov?, Elena Dibrov?, Craig Resch?, Ryan Ramjiawan?, Kim A. O'Hara?, David Nelson?, Jordan
Nelson?, Grant N. Pierce?

IUniversity of Manitoba, Microbiology, Winnipeg, Canada
2Albrechtsen Research Centre, Institute of Cardiovascular Sciences, Winnipeg, Canada

Background: The unfolding crisis in antibiotic development and administering was precipitated not
only by global misuse of broad-spectrum antibiotics and resulting proliferation of multi-drug resistant
(MDR) strains, but also by a general strategy in antibiotic design, when a very limited set of
prokaryotic enzymes and metabolic pathways was ever targeted. The situation calls for urgent
intensification of the search for non-traditional antimicrobial targets.

Objectives: Na*-translocating NADH:ubiquinone oxidoreductase (Na*-NQR) acts as a major
respiratory Na* pump in diverse Gram-negative pathogens including Chlamydia trachomatis,
Legionella pneumophila, Vibrio cholerae, Neisseria gonorrhoeae and many others. Inhibition of Na*-
NQR was expected to arrest bacterial energization and proliferation, and ultimately disrupt the
infectious process. Importantly, Na*-NQR inhibition would indirectly affect MDR pumps thus re-
sensibilizing pathogens to conventional antibiotics.

Methods: A new furanone inhibitor of Na*-NQR, PEG-2S, was designed and assayed for its anti-
microbial activity in both liquid culture and two-component cell culture model of infection. PEG-2S
was further used as a molecular platform for the design of a new line of Na*-NQR inhibitors.

Results: PEG-2S and its derivatives inhibited the Na*-NQR activity in sub-bacterial membrane vesicles
isolated from V. cholerae at nanomolar concentrations. These compounds also inhibited intracellular
proliferation of Chl. trachomatis with a half-minimal concentration in the sub-micromolar range
without affecting the viability of mammalian cells or selected species representing benign intestinal
microflora. Further, PEG-2S-based inhibitors effectively arrested growth of free-living L. pneumophila
in liquid cultures. Taken together, these results demonstrate that Na*-NQR is highly attractive as a
target for prospective narrowly targeted antimicrobial remedies.
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0125 Targeted protein antibiotic therapy for Pseudomonas aeruginosa sepsis
Anne Six}, Khedidja Mosbahi?, Madhuri Barge?, Thomas Evans?, Daniel Walker!

IUniversity of Glasgow, Institute of Infection, Immunity and Inflammation, Glasgow, United Kingdom

Background: In the past few years, there has been a worldwide rise of bacterial antibiotic resistance.
New therapeutic agents are urgently needed to treat multi-resistant and chronic infections. Amongst
those threats, Pseudomonas aeruginosa is a Gram-negative pathogen frequently resistant to
conventional antibiotics. It is responsible for severe hospital-acquired blood and lung infections as
well as being an important pathogen responsible of chronic lung infections in patients suffering from
cystic fibrosis. A promising strategy is the development of bacteriocins, such as the P. aeruginosa
expressed pyocins, as species-specific protein antibiotics. Previous work on pyocins has
demonstrated their activity against a pathogenic strain of P. aeruginosa in a murine model of acute
lung infection on post-infection administration (McCaughey et al. 2016).

Objectives: Our current goal is to further our understanding of the mechanism of pyocin action and
demonstrate their efficacy for the treatment of P. aeruginosa sepsis.

Methods: For this purpose, we have developed a P. aeruginosa sepsis murine model of infection.
Pyocin distribution in the host was followed using quantitative and qualitative methods. We then
assessed the efficacy and impact of pyocin treatment of infected mice in this model by following
survival, colony counts and cytokine quantification.

Results: We show that pyocins S5 and AP41 are stable and active in vivo and a single injection of
pyocin post-infection improves survival rates compared to sham-treated mice. Overall, the results
obtained illustrate the potential of pyocins to be developed into therapeutics for the treatment of P.
aeruginosa infections.
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0126 Engineered toxin-intein antimicrobials can selectively target and kill antibiotic-resistant
bacteria in mixed population

Lépez-lgual Rocio?, Bernal-Bayard Joaqin?, Rodriguez-Patén Alfonso®, Ghigo Jean-Marc?, Didier
Mazel'

nstitut Pasteur, Unié Plasticité du Génome Bactérien, Paris, France
2Institut Pasteur, Unié Génétique des Biofilms, Paris, France
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Background: Antibiotic resistance is becoming a major concern worldwide. Targeted killing of
pathogenic bacteria without harming beneficial members of host microbiota holds promise as a
strategy to cure disease, and limit both antimicrobial-related dysbiosis and development of
antimicrobial resistance.

Objectives: We constructed a synthetic system, which can perform killing of specific pathogenic
bacteria within mixed populations, such as gut microbiota.

Methods: Our system is based on the coupling of artificially split toxins (non-functional) with split
intein technology. Inteins are protein sequences embedded inside a host protein from where they
can be self excised by protein splicing. Naturally, inteins exist also as split modules. We engineer
toxins from type Il toxin-antitoxin modules, that are split by inteins and deliver them by conjugation
into a mixed population of bacteria. Our toxin-intein antimicrobial is only activated in bacteria that
harbor specific transcription factors.

Results: We apply our antimicrobial to specifically target and kill antibiotic resistant Vibrio cholerae
in complex populations gathering various bacterial species. We found that 100% of antibiotic
resistant V. cholerae receiving the plasmid were killed. Escape mutants were extremely rare (10°-10°
8). We demonstrate that conjugation and specific killing of targeted bacteria is functional in the
microbiota of zebrafish and crustacean larvae!, which are natural hosts for Vibrio spp. Toxins split
with inteins could form the basis of a range of precision antimicrobials which would kill both Gram —
and Gram + pathogens.

! Lopez-lgual R, et al. Engineering synthetic toxin-intein weapons as specific antimicrobials.
Nature Biotechnology (2019) Apr 15. doi: 10.1038/s41587-019-0105-3.
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0127 Biosynthetic engineering for the development of atypical tetracycline antibiotics

Hrvoje Petkovic?

IUniversity of Liubljana, Biotechnical Faculty, Ljubljana, Slovenia

Background: There is an urgent need to bring into the clinic as quickly as possible new antibiotics
from novel antibiotic classes that bypass current resistance mechanisms, preferably with new mode
of action. In drug development, a number of approaches, such as screening natural product libraries
and attempts to develop chemically synthesized antibiotics based on novel targets showed that the
identification of promising anti-infective lead structures is a rare event.

Objectives: One rather under-utilized alternative is the re-assessment of unexploited structural
scaffolds with already proven antibacterial potency and resistance-breaking properties, and to
advance these through the development process using cutting-edge biosynthetic engineering and
semi-synthetic approaches.

Methods: Natural tetracycline antibiotics were the first major class of therapeutics to earn the
distinction of “broad-spectrum antibiotics” and they have been used since the 1940s against a wide
range of both Gram-negative and Gram-positive pathogens, mycoplasmas, intracellular chlamydiae,
rickettsias and protozoan parasites. In collaboration between the Biotechnical faculty of the
University of Ljubljana, Acies Bio Ltd. (Slovenia) and the Helmholtz Institute for Pharmaceutical
Research, (Saarbriicken, Germany), we have applied biosynthetic engineering efforts to develop new
tetracycline analogues.

Results: By applying biosynthetic engineering approaches, we generated diverse tetracycline
analogues. These display a currently unprecedented mode of action and are presently at the lead
optimization stage with potent activity even against multidrug-resistant Gram-negative pathogens
belonging to the ESKAPE group. Biosynthetic efforts applied in the scope of his project will be
presented.
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0128 Analogue of antimicrobial peptide LL Ill - a potent agent inhibiting biofilm formation of
Candida albicans
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Background: Antimicrobial peptides (AMPs) are considered as a possible new class of compounds
that could be used as a supplement to, or substitute for, conventional antibiotics in the fight against
drug-resistant microbes. Because their mechanism of action differs from antibiotics, microbial
resistance to AMPs is less likely to be developed. LL 111/43 is a structurally modified analogue of
naturally occurring a-helical pentadecapeptide lasioglossin (LL-1Il) originally isolated from the venom
of the eusocial bee Lasioglossum laticeps.

Objectives: This study focuses on the effect of LL 111/43 as well as commercial antimicrobials -
antifungal azoles on biofilm formation of Candida albicans and on production of its virulent factors.
C. albicans is a severe opportunistic pathogen. Its potent ability to form biofilm as well as the
considerable production factors of virulence (e.g. proteases, lipases, and hemolysins) significantly
contributes to the prevalence of C. albicans infections.

Methods: The effect of LL-11I/43 and antifungal azoles (clotrimazole, fluconazole, voriconazole) on
the formation of C. albicans biofilm was studied based on the evaluation of the metabolic activity of
cells persisting inside the biofilm using resazurin viability assay. The virulent factors were determined
using agar plate methods or colorimetric assays. Hydrophobicity of cellular surface was determined
using MATH assay.

Results: Unlike antifungal azoles, the LL 111/43 effectively inhibited biofilm formation of all tested
clinical isolates of C. albicans. This peptide also decreased the hydrophobicity of C. albicans cellular
surface and it had synergistic effect when used in combination with azoles against biofilm cells.
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0129 Synthetic and diverse - microbiology on duty in industry
Michael Sauer??3

1CD Laboratory for Biotechnology of Glycerol, Vienna, Austria

2BOKU - University of Natural Resources and Life Sciences, Department of Biotechnology, Vienna,
Austria

3Austrian Centre of Industrial Biology, Wien, Austria

Background: In our societies quest to mitigate greenhouse gas emissions and petroleum use,
industrial microbiology plays a key-role for the provision of processes for fuel and chemical
production from renewable resources. Clearly, the microorganism is in the centre of the process and
care should be taken for its choice. Industrial production conditions are generally very harsh for the
microorganism. Nevertheless, the host cells should be very efficient, which opens a vast area of
conflict for the industrial microbiologist. Synthetic biology and metabolic engineering provide
optimal tools for the rational design of biocatalysts. However, biodiversity is a major resource which
should be tapped first. Nature solved many problems, which we face in industrial context. However,
all too often the rich source of natural diversity is neglected in favour of “pet” or model organisms. |
propose that the fastest and most reliable path to efficient and economically viable microbial
production processes uses both — natural diversity and synthetic biology.

Objectives: The importance of biodiversity will be exemplified with processes for 1,3-propanediol
and butanol production.

Methods: Proper bioprocess engineering and synthetic approaches must go hand in hand to develop
an economically viable production process.

Results: 1,3-propanediol production with Lactobacillus diolivorans from crude glycerol has been
developed as an economically viable process which is being industrialized. A titre exceeding 90 g/L
and a yield based on glycerol of over 90% has been obtained.

Clostridia and a combined process of Serratia marcescens and L. diolivorans are explored for 1-
butanol and 2-butanol production, respectively.

123



0130 Filamentous fungal cell factories for human welfare and a sustainable bioeconomy: Prospects
and challenges

Vera Meyer!

ITechnische Universitdt Berlin, Applied and Molecular Microbiology, Berlin, Germany

Fungal biotechnology is currently undergoing a renaissance with important implications for its role as
platform technology for the sustainable production of products, goods and drugs. Allied to this are
the recent advances in fungal systems and synthetic biology. Systems-level understanding of the
filamentous lifestyle and development of sophisticated synthetic biological tools for controlled
manipulation of fungal genomes now allow rational strain development programs based on data-
driven decision making. In my talk, | will focus on Aspergillus niger to summarize recent insights into
the multifaceted and dynamic relationship between filamentous growth and product formation from
genetic, metabolic, subcellular, macromorphological and process engineering perspectives. Current
progress and knowledge gaps with regards to mechanistic understanding of product formation and
export from the fungal cell are discussed. | will highlight possible strategies for unlocking lead genes
for rational strain optimizations based on -omics data, and discuss how targeted genetic
manipulation of these candidates can be used to optimize A. niger for improved production of
enzymes and natural products.
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0131 Interspecific hybridization in beer yeast: going beyond Saccharomyces cerevisiae diversity
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Background: Yeasts have been associated with food and beverage fermentations for thousands of
years, and drive many industrial fermentations today. The industrial yeast species par excellence is
Saccharomyces cerevisiae, more commonly known as baker’s or brewer’s yeast. In a process called
‘domestication’, it gradually adapted to man-made fermentation environments, leading to the
immense biodiversity that exists today.

Interestingly however, it is now becoming increasingly clear that S. cerevisiae is not the only
Saccharomyces species that contributes to industrial fermentation processes. Non-cerevisiae species
usually do not occur as such in the fermentation environment, but are present as interspecific
hybrids.

Objectives: While interspecific hybrids have been reported in all kingdoms of life, many questions on
the ecological circumstances and evolutionary aftermath of interspecific hybridisation are still
unanswered. Using industrial yeast as a model, we investigated the cause and consequence of
interspecific hybridization, and its role in evolution and domestication.

Methods: Using sequencing and large-scale phenotyping, we have characterized a large set of yeasts
originating from the beer/brewery environment.

Results: We describe how interspecific hybridisation provides an important evolutionary route
allowing swift adaptation to novel environments. Several hybrids between Saccharomyces species
originated in industrial environments, and post-hybridisation evolution led to sub-specialisation and
adaptation to specific beer styles, a process accompanied by extensive chimerisation between
subgenomes. Using molecular dating, we mapped evolutionary events in a historical perspective to
gain insight into the driving forces behind yeast hybrid domestication.
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0132 Sustainable production of chemicals, fuels and animal feed from C1 gases

Nigel Minton?, Christian Arenas?, Jon Baker!, Kamran Jawed?, James Millard?, Giorgia Tibaldero !,
Katalin Kovécs?

LUniversity of Nottingham, BBSRC/EPSRC Synthetic Biology Research Centre (SBRC), School of Life
Sciences, Centre for Biomolecular Sciences, United Kingdom

The future sustainable production of chemicals and fuels from non-petrochemical resources and the
reduction of greenhouse gas emissions are two of the greatest challenges facing society. Developing
economic processes based on lignocellulosic (biomass) as a feedstock is, however, proving extremely
challenging. There is, however, an exciting low-cost alternative, and that is to directly capture
carbon, by harnessing the ability of autotrophic bacteria to ‘eat’ single carbon GHG gases such as
CO,. The gas is injected into the liquid medium of fermentation vessels where it is consumed by the
metabolically engineered bacteria [Current Opinions Biotechnology. 2018; 50:174-181] and
converted into the chemicals and fuels we need. Fortunately, such gases are an abundant resource,
and may be derived from non-food sources such as waste gases from industry as well as ‘synthesis
gas’ produced from the gasification (heating) of non-food biomass and domestic/ agricultural wastes.

The ENGICOIN consortium comprises 12 academic and industrial partners from across Europe (ltaly,
Holland, Germany, Belgium, Austria, Spain and the UK) and aims to devise microbial-based processes
that will consume the CO, released by the anaerobic digestion of biomass waste, from landfill and
from a water treatment plant. The chassis (and products) being developed are a phototrophic
cyanbacteria (polylactic acid), the anaerobic acetogen Acetobacterium woodii (acetone) and the
chemolithotrophic Cupriavidus necator (bio-degradable polyhydroxyalkanoates polymers).

By using non-food, waste gas as a feedstock, competition with food and land resources is avoided

while at the same time providing benefits to the environment and society through a reduction in
GHG emissions.
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0133 Fermentation technology: how to transform agricultural by-products into valuable food
ingredients

Rossana Coda*

LUniversity of Helsinki, Department of Food and Nutrition, Helsinki, Finland

Background: Sustainability science suggests to increase the use of agricultural side streams for food
purposes and to rely on accessible, domestic resources. In this context, microbial production systems
can contribute to a more sustainable and efficient agro-food chain. The major part of agricultural by-
products have a valuable nutritional composition. However, as such, they often possess challenging
technological properties and perform poorly in food applications thus remaining under-utilised for
their potential. Bioprocessing is a feasible option to enhance the overall quality of technologically
challenging matrices such as brewers’spent grain, cereal bran and others.

Objectives: Fermentation with lactic acid bacteria can enhance the functionality of the raw material
e.g. with the synthesis of exopolysachcarides (EPS) and improvement of nutritional properties.
Identification of the most suitable strains and fermentation conditions allow an optimal synthesis of
EPS and upgrade the quality of the matrix.

Methods: The performance of different lactic acid bacteria strains was followed through growth and
metabolite formation, transcription analysis of exopolysaccharides biosynthethic genes, dextran
formation and overall quality of the fermented raw material.

Results: The synthesis of EPS in different substrates depends on specific strain features and
environmental conditions. Selection of strains and proper fermentation parameters is a pre-requisite
to optimize the functionality of a raw material and to tailor its properties in the most desired way.
Several investigations demonstrated the efficiency of lactic acid bacteria fermentation to turn
agricultural waste into a food ingredient with desirable features e.g. rich in EPS and having good
nutritional, technological and sensory properties.
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0134 Lactic acid bacteria fermentation as a tool to improve the antioxidant properties of brewers'
spent grain
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Background: Brewers’ spent grain (BSG), the main by-product of the brewing industry, is mainly
constituted by fibers and protein. It is also rich in polyphenolic compounds, the majority of which is
bound to cell wall material. Despite its functional potential, BSG is used as low value feed or
discarded as waste.

Objectives: Aiming at promoting the use of BSG in functional food industry, a biotechnological
protocol to enhance the antioxidant activity was set-up. Selected lactic acid bacteria (LAB) and food
grade enzymes were used.

Methods: Thirty-two LAB were screened for the ability to grow in BSG and improve the antioxidant
activity of the fermented matrix. A biotechnological protocol for BSG fermentation using selected
LAB strains was set-up and optimized. The addition of cell-wall-degrading enzymes was also
evaluated. In vitro assays and tests on murine fibroblasts cultures after induced oxidative stress were
performed. A characterization of the phenolic profile on the bioprocessed matrix was performed by
RP-HPLC-MS.

Results: All strains grew 1-2 log cycles during fermentation, but only Lactobacillus plantarum PU1,
Leuconostoc citreum PRO17 and Lactobacillus brevis H46 caused relevant increases of the scavenging
activity towards DPPH and ABTS radicals. The xylanase treatment slightly improved the antioxidant
activity, especially when the addition was carried out before fermentation. The fermented BSG
extracts showed protective effect on fibroblasts subjected to oxidative stress, as determined by the
survival rate and the intracellular antioxidant activity (with MTT and DCFH-DA assays, respectively).

128
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Background: Soybean is a nutritious crop and one of the world's legumes which are rich in vitamins
and minerals.

Objectives: This study investigated the effect of fermentation using lactic acid bacteria (LAB)-
consortium on the vitamin and mineral content of soybean flour.

Methods: Soybean seeds were processed into flour, fermented spontaneously and with LAB
consortium (Lactobacillus nantensis LP33, Lactobacillus plantarum WCFS1, Lactobacillus fermentum
CIP102980, Lactobacillus rhamnosus GG ATCC53/03, Lactobacillus reuteri DSM20016, Lactobacillus
brevis ATCC14869, Pediococcus acidilactici DSM20284) previously isolated from maize and sorghum
to determine their effect on the mineral and vitamin content of the flour using standard protocols at
12 hinterval.

Results: The result showed a significant (p<0.05) increase in vitamin A, E, C, B1 and B2 as
fermentation time increases in all fermentation set-ups. The mineral content increased significantly
(p<0.05) as fermentation time increased. The increase ranged from 2.29 + 0.16mg/100g to 4.22 +
0.21mg/100g (calcium), 699.12 + 0.99mg/100g to 724.10 + 0.10mg/100g (phosphorus), and 2.03
0.03mg/100g to 3.69 + 0.12mg/100g (sodium) while iron increased from 16.00 + 0.15mg/100g to
20.89 + 0.03mg/100g. The increases were more in the LAB-consortia fermented samples than the
spontaneous fermentation. This is an indication of the potentials of LAB consortium in improving the
mineral and vitamin content of soybean flour which can be employed by food industries in food
fortification.
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0135 Maize milling by-products: from food wastes to nutritive improvers through lactic acid
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Background: Although recognized as important sources of functional compounds, milling by-
products are often removed from the cereal kernel prior milling process. Indeed, the high presence
of fiber in bran and the co-presence of lipids and lipase in germ are often considered as downsides
for breadmaking.

Objectives: In this work, the effects of lactic acid fermentation on the biochemical and nutritional
features as well as the stability of the maize milling by-products were investigated.

Methods: Lactobacillus plantarum T6B10 and Weissella confusa BAN8 were used as selected starters
to ferment maize milling by-products mixtures made with heat-treated or raw germ and bran.
Fermented milling by-products mixtures were also used to fortify wheat bread.

Results: Lactic acid bacteria metabolisms improved the free amino acids and peptides concentrations
and the antioxidant activity and caused a relevant phytic acid degradation. Moreover, fermentation
allowed a marked decrease of the lipase activity, stabilizing the matrix by preventing oxidative
processes. The use of fermented by-products as ingredients improved the nutritional, textural and
sensory properties of wheat bread. Fortified breads (containing 25% of fermented by-products) were
characterized by a concentration in dietary fiber and proteins of ca. 11% and 13% of dry matter,
respectively. The addition of pre-fermented by-products to bread led to protein digestibility and
starch hydrolysis index of ca. 70% and 77%, respectively. This study demonstrates the potential of
fermentation to convert maize bran and germ, commonly-considered food wastes, into nutritive
improvers, meeting nutritional and sensory requests of modern consumers.
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South Tyrol is the largest European producers of apples, where fruit processing generates a
consistent volume of apple by-products that needs to be disposed. The huge volume of the low-cost
apple by-products offers economical perspectives due to the presence of potentially biogenic
valuable components. Chemical industries are now involving microbial fermentation to mediate the
chemical conversion to produce industrially important compounds.

This study aims to develop tailored bioprocessing technologies, which include the combination of
selected microbes to metabolize cholorogenic acid, one of the most abundant phenolics of apples. It
can be trasformed to quinic acid and subsequently to shikimic acid, an industrially important
compound that is used as key ingredient for the formulation of the drug Oseltamivir phosphate,
emplied to treat swine/avian flu.

Chemical and microbiological composition of apple by-products, as well as the selection of
appropriate pre-treatments, and the most promising microbes were investigated. According to the
main target, the most suitable processing conditions was set-up. The analyses of the profiles of
phenolics and organic acids establish the main modifications occurring during bioprocessing.
Extraction and purification of biogenic compounds was performed through a multi-technology
approach, and their exploitation was carried out through in vitro assay on human line cells.

Pre-treatments of apple by-products might be suitable to optimize the microbial fermentation.
Microbes suitable to allow the quinic acid reduction pathway and favor the production of shikimic
acid were selected. Sustainable shikimate extraction and purification procedures might favor
economic and green process, and be a source of potential human functionality.
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Background: Date (Phoenix dactylifera L.) seeds are by-products of dates—processing industries and
represent nearly 10—-15% of the total weight of the fruit. Thus, date—seeds represent a cheap and
easily recoverable source of bioactive compounds and dietary fiber. Date—seeds flour has a potential
to be used in bread—making industries to develop novel functional food with higher amounts of fiber
and others bioactive compounds with respect to the regular bread, fulfilling the consumer’s demand
for healthy food.

Objectives: The aim of this study was to setting up the protocol based on sourdough biotechnology
to exploit date seeds flour as ingredient for sourdough bread.

Methods: Autochthonous strains of lactic acid bacteria and yeasts were selected for pro-
technological and functional features, and used as starters to get date—seeds flour sourdough. Bread
based on date—seeds flour sourdough was compared to conventional bread to highlight the
strengthening points of the novel ingredient.

Results: The combined use of date—seeds flour and sourdough biotechnology improved nutritional,
textural and sensorial features of bread.
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Background: Significant amounts of bread waste is formed in the bakery industry due to several
reasons such as excess production and system failures. Currently, waste bread is mainly used for
non-food purposes, like animal feed and bioethanol feedstock. To match the modern demands for
sustainable food chain and circular economy, food waste formation should be minimized and food-
grade materials re-utilized for human nutrition.

Objectives: The aim of this study was to use enzymatic and microbiological bioprocessing to
transform waste bread into a functional baking ingredient containing exopolysaccharides (EPS).

Methods: Carbohydrase enzymes and EPS-producing lactic acid bacteria (i.e. B-glucan and dextran)
were used to hydrolyze and/or ferment the waste bread. Processed waste bread was used as an
ingredient for new bread doughs. The breads were evaluated by measuring bread quality
parameters; volume, hardness and staling rate.

Results: Waste bread direct mechanical slurrification and addition to new bread dough yielded
significantly impaired products in terms of bread quality parameters. Enzymatically hydrolysed waste
bread addition to new bread dough did not significantly modify bread quality, however, the high
sugar content limited the recycling amount. Fermentation of waste bread with dextran-producing
LAB Weissella confusa helped to maintain bread quality even when higher waste bread addition was
used. In turn, fermentation with B-glucan producing Pediococcus claussenii did not contribute to
bread quality. Based on our results, waste bread can be recycled within the bakery when suitable
bioprocessing, starch hydrolysis and/or dextran-forming fermentation, is being applied.
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0139 Acute RNA virus infections: Are they cleared?
Diane Griffin®

1Johns Hopkins Bloomberg School of Public Health, Molecular Microbiology and Immunology,
Baltimore Maryland, United States

Background: Many RNA viruses cause acute infections with recovery within days or weeks after
which immunity is established and infectious virus can no longer be recovered. However, our studies
with alphavirus encephalomyelitis and measles have shown that viral RNA remains detectable for
prolonged periods of time.

Objectives: To determine the state, location and consequnces of persistent viral RNA after acute
infection.

Methods: Sindbis virus RNA in the brains of infected mice was localized with fluorescence in situ
hybridization and the viral sequences characterized. Measles virus RNA in peripheral blood of
infected rhesus macaques was identified and characterized by virus-inclusive single cell sequencing.
Immune responses were measured by ELISPOT assays for T cells and EIA and neutralization for
antibody.

Results: For alphavirus infections of the brain and spinal cord RNA persistence is associated with
continued local production of antibody and residence of T cells. For measles, RNA persists in
lymphoid and myeloid cells in blood and lymphatic tissue and is associated with ongoing stimulation
and maturation of the immune response that leads to life-long protective immunity. RNA persistence
also leads to a risk for virus reactivation, renewed transmission and development of late disease (e.g.
subacute sclerosing panencephalitis years after apparent recovery from acute measles virus
infection).
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0140 Staphylococcal survival in the host

Andrew Edwards!

Imperial College London, MRC Centre for Molecular Bacteriology and Infection, London, United
Kingdom

Background: Staphylococcus aureus is responsible for a raft of infections, including bacteraemia,
infective endocarditis and osteomyelitis. These infections are often hard to treat and frequently
become chronic or recurrent. The persistence of S. aureus in host tissues is typically associated with
genotypic and phenotypic changes that reduce bacterial virulence but enhance resistance to host
defences and/or antibiotics.

Objectives: To understand the host and bacterial factors that drive genetic diversity and how the
resulting phenotypes contribute to staphylococcal survival in the host.

Methods: We have employed a range of assays, including ex vivo whole human blood models, gene
expression reporter strains, antibiotic survival and mutation rate analysis.

Results: Our data indicate that a range of infection-relevant stresses cause bacterial DNA damage,
including the oxidative burst of neutrophils and antibiotics. Repair of this damage is essential for
bacterial survival and leads to an increased mutation rate via the SOS response. The resulting
emergence of small colony variants, via mutations within genes that encode components of the
electron transport chain, promotes staphylococcal survival by conferring resistance to neutrophil-
mediated killing. Another common phenotype, the loss of quorum-sensing activity, resulted in
bacerial survival during exposure to daptomycin. In summary, staphylococcal DNA repair processes
are central to both pathogen survival and host adaptaton by promoting resistance to both host
defences and antibiotics. Pharmacological inhibition of DNA repair could, therefore, provide a useful
therapeutic approach.
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0141 Transcriptomics reveal the immune response in tuberculosis: Type | IFN response in
tuberculosis: foe & occasionally friend!

Anne O'Garra’

1The Francis Crick Institute, United Kingdom

Background: Tuberculosis (TB) caused by infection with Mycobacterium tuberculosis (M.
tuberculosis), is a major cause of morbidity and mortality worldwide. Efforts to control tuberculosis
are hampered by difficulties with diagnosis, prevention and treatment. Most people infected with M.
tuberculosis remain asymptomatic/latent with a 10% lifetime risk of developing active tuberculosis
disease.

Objectives: To determine whether a blood transcriptional signature can distinguish individuals with
active TB from latent individuals who have been exposed/infected but remain asymptomatic.

Methods: Blood was obtained from patients with active TB, healthy controls and latent individuals
and processed for RNA expression by microarray or RNA-Seq, and in-depth bioinformatic analyses.

Results: We identified a whole blood transcript signature for active tuberculosis correlating with the
radiological extent of disease which diminished upon effective treatment. Blood transcriptomic
analyses revealed that the tuberculosis signature was dominated by a neutrophil-driven interferon
(IFN)-inducible gene profile, and suggested a hitherto under-appreciated role of Type | IFNaf3
signalling in human tuberculosis pathogenesis. Our subsequent studies now provide further
knowledge regarding the heterogeneity of this signature in some but not all asymptomatic
tuberculosis contacts and how this relates to their protection or development of disease. We have
also data on potential mechanisms underlying the contribution of type | IFN to the development of
tuberculosis and diseases caused by other bacterial infections and the impairment of protective
responses and these will be discussed in depth.

AOG is funded by The Francis Crick Institute, UK, ERC-2011-AdG, 294682-TB-PATH, BioAster
Technology Institute. AOG thanks all who have contributed to this work.
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0142 Mechanisms of host colonization by the commensal and pathogenic yeast Candida albicans

J. Christian Perez*

IUniversity Hospital Wuerzburg, Interdisciplinary Center for Clinical Research, Wuerzburg, Germany

Background: The fungus Candida albicans is a leading cause of mucosal disease and life-threatening
infections in immunocompromised individuals. Yet this yeast resides in the gastrointestinal tract of
most, if not all, human adults, seemingly living there as a harmless commensal. C. albicans has no
known environmental reservoir suggesting that it has extensively co-evolved with the mammalian
host.

Objectives: To uncover C. albicans gene circuits governing the proliferation of the fungus in diverse
host niches.

Methods: My laboratory has used mouse models of intestinal colonization and oral candidiasis to
screen a library of transcription regulator deletion strains. Through RNA-Seq and ChIP-Seq
experiments, we are establishing the targets of regulation of the “hits” and the biological processes
that they govern.

Results: We have identified about a dozen transcription regulators that play roles in at least one of
the murine models evaluated. In my presentation, | will describe in detail some of the gene circuits
that we have discovered and how they contribute to the interplay with the host.
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0143 Marine sediments microorganisms and the evolution of symbiotic lineages
Daniel Tamarit'?, Jennah E. Dharamshi?, Laura Eme®3, Courtney W. Stairs?, Thijs J. G. Ettema®?

1Uppsala University, Sweden
2Wageningen University & Research, Netherlands
3paris-Sud University, France

The establishment of symbiotic interactions has a remarkable evolutionary impact on microbial
lineages. Insights into how symbioses form can come from the study of symbiotic features, as well as
from the exploration of microbial diversity related to successful symbiotic groups. In this talk, | will
briefly discuss ongoing research on genomic data from marine sediment microorganisms, and how it
affects our understanding on the evolution of the Chlamydiae phylum and of the Eukaryotic domain.
Finally, | will take the opportunity to introduce the Microbial Symbioses thematic series, and share
my experience as handling editor.

138



0144 Population genomics of Lactobacillus kunkeei: a bee symbiont or a beehive resident

Andrea Garcia Montaner?, Kristina Naslund?, Matthew Webster?, Siv G.E. Andersson*

1Uppsala University, Cell and Molecular Biology, Uppsala, Sweden
2Uppsala University, Medical Biochemistry and Microbiology, Uppsala, Sweden

The honeybee gut microbiome consists of eight bacterial species that contribute to different aspects
of the host’s physiology and metabolism. Lactobacillus kunkeei is the dominant species in the honey
crop, also found in nectar, pollen and bee products. It is therefore thought to belong to the beehive
microbiome. We analyzed 42 new L. kunkeei strains to understand the evolutionary processes that
shape the genome, and intra-species genetic variation. Bacterial isolates were obtained from the
honey crop of honeybees from two locations, with and without presence of the Varroa mite parasite.
Phylogenomic reconstructions indicated higher strain diversity among samples from the mite-free
area, although this correlation needs further investigation. Gene synteny is maintained across
chromosomes, with gene content variation mainly affecting metabolic functions, possibly reflecting
complementarity among strains co-habiting the same host. The analyses also provided indications of
recombination across genomes, with great dynamism among the giant genes that are unique to his
species and its closest relative, Fhon13. The giant genes are 9,3 to 25 kb in size, and with 4 to 5 genes
in tandem they represent 10% of the chromosome size, and are potentially involved in adhesion to
the host’s epithelium. Finally, we explored the diversity of mobile genetic elements, which represent
a great source of gene innovation and potential adaptations. Understanding genome evolution of L.
kunkeei and the variability of its accessory genes are the first steps to unraveling its niche and
potential role as a honeybee symbiont.
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0145 Distinct Evolutionary Paths of Co-occurring Symbionts

Andreas Schramm?, Marie Braad Lund*

1Aarhus University, Department of Bioscience, Section for Microbiology, Denmark

Background: Long-term symbiotic association between bacteria and eukaryotic hosts can result in
extreme mutual dependency of the involved partners, including strong genome reduction or
complete nutritional dependence. Symbiont function and transmission between hosts have been
suggested to explain variation in host dependence across symbioses. The nephridia of many
earthworm species harbor three specific, extracellular bacterial symbionts; Verminephrobacter, Ca.
Nephrothrix, and Ca. Lumbricidophila. All three are vertically transmitted via deposition into the
cocoon, where they colonize the developing embryo. Verminephrobacter benefits host reproduction
and has co-evolved with earthworms for approx. 100 million years; the other symbionts are
evolutionarily younger but still benefit host maturation.

Objectives: To assess the role of fine-scale differences in symbiont transmission, function, and
microhabitat for the symbionts’ evolutionary trajectory, using the nephridial symbiosis of
earthworms as model.

Methods: Symbiont genomes (from pure cultures for Verminephrobacter and cocoon metagenomes
for the other two symbionts) were reconstructed and analyzed for genome reduction, AT-bias, and
dN/dS ratio and codon usage bias as indicators of the level of purifying selection and genetic drift.

Results: Surprisingly, the youngest symbiont (Ca. Lumbricidophila) had the most reduced genome,
with stronger signs of bottleneck-induced drift than the evolutionary oldest symbiont,
Verminephrobacter; Ca. Nephrothrix showed high microdiversity and no indications of genome
degradation. We could trace these differences to the fidelity and stringency of the symbionts’ vertical
transmission and to the main site of symbiont proliferation. Our data emphasize how subtle
differences in transmission and function drive genome evolution of symbionts, even in a single host.
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0146 Christensenella and Blautia differentially impact host metabolism in a gnotobiotic mouse
model

Jillian Waters?, James Marsh?, Nicholas Youngblut?, Ruth Ley?!

IMax-Planck-Institute for Developmental Biology, Department of Microbiome Science, Tuebingen,
Germany

Christensenella minuta is a member of the family Christensenellaceae, which our group recently
established as highly heritable (i.e., influenced by host genetics) and is associated with a lean BMl in
humans. We also performed transplantation studies using germfree mice, demonstrating that
addition of live C. minuta to obese human donor stool significantly reduces weight and adiposity
gains compared to mice receiving the same unamended donor stool. The mode of action by which C.
minuta regulates host metabolism remains to be elucidated.

Here, we address the question of how C. minuta impacts host phenotype using a simplified
gnotobiotic mouse model. We designed experiments in which gnotobiotic mice were mono-
associated with C. minuta, with Blautia hydrogenotrophica, or with both. We have shown C. minuta
produces copious hydrogen, which can be used as a substrate by B. hydrogenotrophica to produce
acetate. As such, we hypothesized that more acetate would be detected in the ceca of dual-
associated mice, and would result in increased adiposity. Consistent with our hypothesis, we
observed that dual-associated mice had a significant increase in body fat percentage. Further, short
chain fatty acid (SCFA) analysis of cecal contents also supports this hypothesis, as acetate and other
SCFAs were elevated in dual-associated mice. Untargeted metabolomics on cecal contents revealed
some notable metabolites that differentiated treatment groups. RNA-sequencing of various host
tissues reveals global changes regarding carbon metabolism and oxidative phosphorylation based on
colonization of C. minuta. These results suggest that C. minuta interactions with other

microbes strongly regulate host phenotypes.
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0147 Less is More: Myth and Reality of Chronic Infection with Borrelia Burgdorferi

Eugene Shapiro?!

Iyale University, Pediatrics; Epidemiology of Microbial Diseases, New Haven, United States

Background: Lyme disease is caused by Borrelia burgdorferi sensu latu. While there is evidence that
chronic infection (eg, acrodermatitis chronica atrophicans) occurs occassionally in humans who are
not appropriately treated with an antimicrobial, there are vocal advocate groups, which include
patients and “Lyme-literate” health care providers, that claim that chronic infection with B.
burgdorferiis common and is both difficult to diagnose and difficult to treat with conventional
courses of antimicrobials.

Objectives: To present the evidence about chronic infecton with B. burgdorferi.
Methods: Evidence for the existence of chronic infecton with B. burgdorferi was reviewed.

Results: There are some unusual features of infection with B. burgdorferi in untreated patients, such
as the relatively long delay between initial infection and the onset of Lyme arthritis as well as chronic
infection as occurs in acrodermatitis chronica atrophicans. There is no evidence either that viable
bacteria persist after conventional courses of antimicrobial treatment or that patients with chronic,
non-specific symptoms are suffering from chronic infection with B. burgdorferi. There is considerable
evidence that these patients do not have chronic infection with B. burgdorferi.
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0148 Molecular mechanisms used by bacteria for host colonisation and biofilm formation

Jason Paxman?, Alvin Lo?, Santosh Panjikar?, Matthew Sullivan®, Mike Kuiper®, Glen Ulett*, Mark
Schembri?, Begona Heras!

1La Trobe University, Biochemistry and Genetics, Melbourne, Australia

2The University of Queensland , School of Chemistry and Molecular Biosciences, Brisbane, Australia
3Australian Synchrotron, Macromolecular Crystallography, Melbourne, Australia

4Griffith University, School of Medical Science, and Menzies Health Institute , Gold Coast, Australia
>Csiro, Molecular & Materials Modelling group Data61, Melbourne, Australia

Background: So little is known about how bacteria utilise surface adhesins to adhere and colonise
host surfaces, despite this process being critical for bacterial infections, the contamination of food
and medical devices along with the formation of persistent bacterial biofilms. The largest group of
these adhesins are the non-fimbrial autotransporter adhesins, whereby until our research almost
nothing was known about their structures and molecular mechanisms of action.

Objectives: We sought to uncover the structures, mode of action, regulation and roles in bacterial
pathogenesis of autotransporter adhesins.

Methods: A multidisciplinary approach of X-ray crystallography with biophysical, biochemical and
microbiology methods was used along with testing in animal models.

Results: We now show that these proteins form long >500 residue B-helix structures that incorporate
different features to allow binding to their targets. So far we have found these adhesins fall into 2
mechanistic groups (i) those such as Antigen 43 from widespread pathogenic E. coli strains that
promote bacterial aggregation/biofilm formation by self-interactions between neighbouring bacteria
and (ii) others such as UpaB from Uropathogenic E. coli that through significant structural
modifications are able directly bind host surfaces. Remarkably, we have now found that other
adhesins such as Entertoxigenic E. coli TibA, can switch between these functions by novel post-
translational modifications.

This research is uncovering new structures and modes of action for the autotransporter adhesins to
finally reveal how bacteria intimately bind to surfaces. Importantly, we are using our findings to
develop new classes of anti-bacterial inhibitors including our recently patented biofilm inhibitor.
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0149 Autotransporter Adhesins in the fish pathogen Yersinia ruckeri
Agnieszka Wrobel?, Jack Leo?, Stephan Géttig?, Dirk Linke®

IDepartment of Biosciences, Oslo, Norway
2University Hospital, University of Frankfurt, Frankfurt, Germany
3Department of Biosciences, University of Oslo, Oslo, Norway

Background: Yersinia ruckeri is a fish pathogen of high exonomic importance. It infects mainly salmon
and trout, and causes huge losses in the aquaculture industry. One of the problems with Yersinia
ruckeri infections in closed aquaculture systems is its ability to form biofilms in pipes and filters that
are difficult to sanitize.

Objectives: Our aim was to identify bacterial adhesin genes in the genome that could be responsible
for biofilm formation

Methods: We used genome sequencing on a Norwegian outbreak strain of Yersinia ruckeri. Using
bioinformatics tools, we tried to identify adhesins that would be similar to well-studied adhesins in
Yersinia enterocolitica, a human gut pathogen for which much more data on virulence factors exists.

Results: We found several inverse autotransporter adhesins in Y. ruckeri genomes in our own
sequencing data. When studying them in detail, we found that in many cases in public databeses,
these genes were annotated with wrong repeat numbers. This is based on the underlying seqeuncing
technologies: only PacBio sequencing was able to read long stretches of identical repeats correctly. In
addition, we annotated a plasmid that contains a type IV conjugative pilus, and that might be directly
involved in virulence. Using gPCR, we established the growth conditions unde which the adhesin
genes are expressed. Using advanced microscopy techniques, we showed that both autotransporters
in Y. ruckeri contribute to biofilm formation. In a Galleria infection model, single-gene knockouts
were less virulent than the wildtype for both adhesins, suggesting a direct role in the infection
process.
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0150 New insights into Pseudomonas aeruginosa adaptive response to sublethal concentrations of
tobramycin

Ali Tahrioui?, Rachel Duchesne?, Emeline Bouffartigues?, Sophie Rodrigues?, Olivier Maillot!, Damien
Tortuel®, Julie Hardouin?, Laure Taupin3, Marie-Christine Groleau*, Alain Dufour?, Eric Déziel*, Marc
Feuilloley?!, Nicole Orange?, Olivier Lesouhaitier?, Pierre Cornelis?, Sylvie Chevalier?

! Laboratory of Microbiology, Signals and Microenvironment, LMSM EA4312, Evreux, France
2 Laboratory of Polymers, Biopolymers, and Surfaces, UMR 6270, Rouen, France

3, Laboratory of Marine Biotechnology and Chemistry, LBCM, EA3884, Lorient, France

4 Centre INRS-Institut Armand-Frappier, Laval (Québec), Canada

Background: Biofilms are structured microbial communities that are the leading cause of numerous
chronic infections which are difficult to eradicate. Within the lungs of individuals with cystic fibrosis,
Pseudomonas aeruginosa causes persistent biofilm infection that is commonly treated with
aminoglycoside antibiotics such as tobramycin. However, exposure to sublethal concentrations of the
aminoglycoside tobramycin were previously shown to increase biofilm formation by P. aeruginosa

Objectives: In the current study, we sought to elucidate potential adaptive mechanisms shaping the
tobramycin-enhanced biofilm formation in P. aeruginosa.

Methods: We combined confocal laser scanning microscope analyses, proteomics profiling, gene
expression assays and phenotypic studies to unravel P. aeruginosa potential adaptive mechanisms in
response to tobramycin exposure during biofilm growth.

Results: We show that the modified biofilm architecture is related at least in part to increased
extracellular DNA (eDNA) release, most likely as a result of biofilm cell death. Furthermore, the
activity of quorum sensing (QS) systems was increased, leading to higher production of QS molecules.
We also demonstrate upon tobramycin exposure an increase in expression of the small RNAs PrrF1
and PrrF2, known for promoting 4-hydroxy-2-alkylquinolines production, as well as expression of iron
uptake systems. Remarkably, biofilm biovolumes and eDNA relative abundances in pgs and prrF1,F2
mutant strains decrease in the presence of tobramycin. Overall, our findings offer experimental
evidences for a potential adaptive mechanism linking PrrF1/F2 sRNAs, QS signaling, biofilm cell
death, eDNA release, and tobramycin-enhanced biofilm formation in P. aeruginosa.
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0151 Latent and symptomatic Pectobacterium atrosepticum-caused plant infections:
ultrastructure, biochemistry and transcriptomics

Vladimir Gorshkov', Rim Gubaev?, Olga Petrova?, Marina Ageeva?, Natalia Gogoleva'?, Olga

Parfirova®?, Bakhtiyar Islamov?, Vladimir Vorob’ev¥?, Polina Mikshina?, Yuri Gogolev'?

IKazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center, Russian Academy of
Sciences, Kazan, Russian Federation
2Kazan Federal University, Kazan, Russian Federation

Background: The harmful phytopathogen Pectobacterium atrosepticum (Pba) is known to utilize not
only brute force for host-plant colonization causing soft rots, but also a stealth behavior leading to
asymptomatic infections.

Objectives: The aim of our study is to differentiate physiological and molecular criteria of stealth and
brute force behavior of Pba, which may provide a significant basis for the control of soft rots.

Methods: Different types of microscopy and NGS-transcriptomics constitute the basis of our systemic
methodology providing information on 1) spatial organization of microbial population in planta and
phenotypic diversity of Pba cells — both are the criteria of the infection type; and 2) plant and
bacterial genes differentially expressed during latent and acute infection enabling us to assume the
molecular players (including novel ones) that determine the type and outcome of plant-pathogen
interaction. Then, specific test-systems (including those involving mutagenesis, cloning,
chromatography, NMR-spectroscopy, phytohormone application, immunodetection, etc.) are
developed to experimentally characterize these players.

Results: The obtained results have led to the notion that latent infections (without significant plant-
host fitness cost) are likely to be norm and reflect natural equilibrium between plants and pathogens,
and the development of pathological processes is a result of the disturbance of this equilibrium due
to the specific physiological reactions of both organisms. Special role in determination of the
infection type is played by phytohormonal status, which is actively modulated by the pathogen as
well as Pba-induced plant-mediated reorganization of the plant cell wall. The study is supported by
RSF (No 19-14-00194).
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0152 'Specialised' translation underlies adaptation of the human pathogen Mycobacterium
tuberculosis

Anna Grabowska?, Elizabeth Sawyer?, Teresa Cortes?

LLSHTM, London, United Kingdom

Background: It is estimated that more than % of human population is infected with Mycobacterium
tuberculosis (MTB). Only 5-10% of infected individuals develop active disease, whereas in 90-95% of
the cases the infection remains in asymptomatic 'latent’ state even over decades and constitutes
reservoir for re-activation and spread of the disease. Latency is linked to a complex gene expression
regulation in MTB, even though particular mechanisms underlying metabolic switching between
replicating and non-replicating state, detected in active and latent disease, are so far poorly
understood. Evidence from experiments on antibiotic-induced stress in Escherichia coli suggest that
metabolic re-programming could occur at the translational level.

Objectives: Given significantly higher proportion of leaderless transcripts in MTB than in other
pathogenic bacteria, we aim to characterize the translation pattern of leaderless versus canonical
Shine-Dalgarno transcripts, and find factors responsible for differential translation of these two types
of mRNA.

Methods: We constructed a set of MTB reporter strains carrying Shine-Dalgarno or leaderless
versions of firefly luciferase gene and used them in various experiments, reflecting optimal and non-
optimal (infection-associated) conditions of growth.

Results: We observed efficient translation of MTB leaderless mRNAs in all tested conditions of
growth. In some stress conditions, i.e. in starvation model of growth arrest, MTB leaderless
translation was preferentially enhanced, compared to SD transcripts. As leaderless transcripts in MTB
encode proteins with secondary adaptive functions, like toxin-antitoxin systems, known to be
activated in ‘persistence’ models, translation ‘specialization” could be the mechanism underlying
switching to latency and ‘persistence’ in MTB.
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0153 The response regulator-encoding gene uvrY of Escherichia coli is under positive selection
upon prolonged growth in the urinary tract

Elisabed Zaldastanishvili?, Birgit Ewert?, Roswitha Schiller!, Claudia Acquisti?, Ulrich Dobrindt?

nstitute of Hygiene, Miinster, Germany
2Institute of Evolution and Biodiversity, Miinster, Germany

Background: Urinary tract infection (UTI) is the most frequently occurring bacterial infection in
industrialized countries. Uropathogenic E. coli (UPEC) can cause symptomatic UTI, but so-called
asymptomatic bacteriuria (ABU) E. coli can also colonize the urinary tract without provoking an overt
host response. The determinants coding for the BarA-UvrY two-component system (TCS) exhibit
nucleotide sequence variability upon prolonged growth in the bladder.

Objectives: The global role of the BarA/UvrY TCS in metabolic adaptation and control of different
fitness-related functions led us to hypothesize that positive selection shapes this TCS resulting in
increased fitness in the urinary tract. We propose convergent evolution of the BarA/UvrY TCS in
natural E. coli populations grown in urine towards an improved fitness in urine.

Methods: To prove that barA or uvrY are under positive selection in UPEC, we analyzed their
nucleotide sequence variability in E. coli isolates from humans with ABU, symptomatic UTI and from
feces of healthy individuals. The McDonald-Kreitman test was used to detect signatures of natural
selection. Competitiveness of E. coli MG1655 carrying different uvrY alleles was compared in
gluconeogenic media such as LB and urine. The fitness effect was analyzed in vitro and in vivo.

Results: We demonstrate that uvrY is under positive selection upon long-term growth in the urinary
tract. Competition experiments with isogenic strains carrying different uvrY alleles revealed that
abolished or altered UvrY functionality can lead to a fitness advantage. We ruled out the contribution
of gluconeogenic pathways to the observed phenotypic differences.
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0154 What did algal viruses do for us anyway (apart from establishing an evolutionary path to
eukaryotic life)?

Willie Wilson*

IMarine Biological Association, The Laboratory, Plymouth, United Kingdom

Background: Every day, every moment, an epic battle is raging across the globe. It's happening in the
ocean. The evidence is both highly visible and totally hidden, depending on your perspective.

Objectives: In this talk, Willie will discuss the tale of an arms race involving trillions of sea creatures
and why their struggle is vital to life on this planet.

Methods: A group of phytoplankton, known as coccolithophores, are engaged in a surprisingly
complicated arms race with deadly giant viruses. A virus is problematic enough when you're a
human. Now imagine being a single-cell alga and mixing it up with the hugest virus you've ever seen.
The coccolithophores are outgunned, but they won't go down without a serious fight. The talk will
start with a RadiolLab interview (previously aired on National Public Radio in the US) by reporter Ari
Daniel Shapiro who visited Willie to explain how our itsy-bitsy heroes take arms against a sea of
troubles.

Results: Their discussion explores how this battle, and others like it, makes life on Earth possible.
Willie will continue the dialogue using examples of his research on the coccolithoviruses and
development of single-virus genomics approaches to study them and other virus leviathans.
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0155 Distinct cyanophage distribution and infection patterns across environmental gradients in
the oceans

Debbie Lindell', Michael Carlson?!, Yotam Hulata!, Nava Baran?, Svetlana Goldin?, Nitzan Shamir?, Ilia
Maidanik!, Noor Marwat?, Francois Ribalet?, Oscar Sosa3, Sara Ferron3, Angelique White3, David Karl?,
E. Virginia Armbrust?

ITechnion - Israel Inst. Technology, Biology, Haifa, Israel
2University of Washington, School of Oceanography
3University of Hawaii, School of Ocean and Earth Science

Background: Viruses are globally abundant and highly diverse in their genetic make-up and in the
hosts they infect. They influence the abundance, diversity and evolution of their hosts as well as the
biogeochemical cycling of matter in the oceans.

Objectives: However, lack of quantitative measurements of viruses and the extent of viral infection
at taxonomically meaningful levels have precluded a quantitative understanding of their impact on
these processes.

Methods: Towards this end, we have developed the polony method, a single molecule solid-phase
PCR method, to measure abundances of three cyanophage families and the extent to which they
infect the unicellular marine cyanobacteria, Synechococcus and Prochlorococcus.

Results: Here | will report recent findings showing distinct patterns in cyanophage abundances,
community composition and infection along surface transects from subtropical to subpolar waters in
the North Pacific Ocean. Our findings highlight how changing environmental conditions found in
distinct oceanic regimes affect the ecology of cyanophages and their cyanobacterial hosts.
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0156 The Baltic Sea virome: Cultures, communities, and consequences
Karin Holmfeldt?

ILinnaeus University, Centre for Ecology and Evolution in Microbial Model Systems, Kalmar, Sweden

Background: Through host-specific infection and lysis, viruses that infect bacteria (phages) impact
their host’s diversity and mortality, with effects on global biogeochemical cycles. Further, aquatic
phages have been shown to have a direct impact on biogeochemical cycles by forcing the host to

express phage derived metabolic genes.

Objectives: However, there is still a paucity in our knowledge regarding taxonomy, host interactions,
and functional potential of viruses in aquatic environments, the Baltic Sea included.

Methods: Through a combination of ‘omics and experimentation of isolated phage-bacteria model
systems and high-throughput sequencing of viral communities from the Baltic Sea, in-depth
information regarding phage diversity, functionality, interactions, and temporal dynamics could be
gained.

Results: While phages infecting some bacterial species showed a large taxonomic variety with
different viral genera and even families, other bacterial species could only be infected by highly
similar phages. Comparison to metagenomic time series showed yearly temporal trends among the
phages, which corelated with their potential hosts. The phages varied in host specificity from highly
host-specific, only infecting the strain they were isolated on, to phages infecting a large number of
different strains. However, the efficiency of infection varied with several orders of magnitude and
had the potential to change depending on which host was latest infected. This created a mosaic
phage-host complexity which have ecological implications and is difficult to elucidate using only
community ‘omics data. Overall, the combination of culture-experiments and ‘omics studies of
natural communities provides a unique platform for novel discoveries and hypothesis testing.
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0157 Unravelling the vast diversity of vibrioophages by genomic and metagenomic analyses
Slawomir Michniewski', David Scanlan?, Andrew Millard?

IUniversity of Warwick, Warwick Medical School, United Kingdom
2University of Warwick, School of Life Sciences, United Kingdom
3University of Leicester, Department Genetics and Genome Biology, United Kingdom

Background: The Vibrio genus is genetically and metabolically diverse comprising a major component
of the marine microbial community and with many species associated with diseases of humans, fish
and shellfish. Bacteriophages that infect Vibrio spp. have been shown to be genetically diverse,
including the recent discovery of a new family of non-tailed phages (Autolykiviridae). Despite this
recent finding, the diversity of Vibrio prophages, and the genes that they carry, remains largely
unknown.

Objectives: Assess the diversity of prophages within the genus Vibrio.
Identify auxiliary metabolic genes within vibriophages.

Methods: The genomes of ~7000 Vibrios were assembled and prophage regions were predicted.
Prophage regions were compared in an all-v-all approach and clustered based on mash distance. All
prophages were annotated with Prokka using a database of curated phage proteins. Database
searching was used to identify auxiliary metabolic genes. Selected genes were expressed in E. coli to
confirm their predicted function. By mapping reads from viral metagenomes to representative
prophages their distribution in the environment was assessed.

Results: We identified 1100 different prophage clusters across the Vibrio genus, with the majority of
these containing prophages that cannot be ascribed to a current phage species. The majority of
clusters were restricted to specific Vibrio spp. We identified an assortment of auxiliary metabolic
genes within prophages, including predicted antibiotic resistance genes. We confirmed the function
of antibiotic resistance genes by expression in E. coli.
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0158 Widespread distribution of class Il membrane fusion proteins in viruses and cells

Felix Rey?

nstitut Pasteur, Virology, Paris, France

Structural studies have revealed that the membrane fusion proteins used by enveloped viruses to
enter cells belong to one of three structural classes (1, Il and Ill) of homologous proteins, irrespective
of the virus taxonomy based on the polymerase gene. This finding illustrates the mosaic nature of
viral genomes, which are a collection of genes derived from different origins. One special case is that
of the class Il fusion proteins found in the Togaviridae, Flaviviridae and in several families of the
newly defined Bunyavirales order. Class |l fusion proteins were also detected in C. elegans
retroviruses, which are otherwise clearly related to mammalian retroviruses through the Gag-Pol
gene, although mammalian retrovirus have an envelope protein belonging to class I. The cell-cell
fusion protein EFF-1, responsible for syncytia formation to form the skin during C. elegans
embryogenesis, is also homologous to the class Il viral proteins. More recently, the ancestral gamete
fusogen HAP2 was identified as belonging to class Il, and is further illustration of the impact of virus-
cell genetic exchanges. This interchange appears to have been at the origin of sexual life on earth by
inducing the specific merger of the plasma membranes of sperm and egg during fertilization by the
same mechanism used by enveloped viruses to infect cells. In this presentation, | will review the
specific features of class Il fusion proteins and their mechanism of action.
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0159 Structural and biochemical characterisation of toxin-antitoxin system promoter binding by
type IV antitoxins of Mycobacterium tuberculosis

Izaak Beck?, Ben Usher?, Tim Blower?

Durham University, Biosciences, Durham, United Kingdom

Background: Tuberculosis remains a global health issue with an estimated 1.5 million deaths per
year. Its causative agent, Mycobacterium tuberculosis, encodes an extraordinary amount of toxin-
antitoxin systems (79 identified to date) of which, many remain uncharacterised. There are three
putative type IV systems present in M. tuberculosis with the antitoxins denoted Rv2827c, Rv1044 and
Rv0837c and their respective toxins appear to be significantly upregulated during infection. Rv2827c
has been structurally classified and the homologous protein, AbiEi (Streptococcus agalactiae), has
been functionally classified as an autoregulatory type IV antitoxin.

Objectives: To better understand the autoregulatory mechanisms of type IV toxin-antitoxin systems
of M. tuberculosis by investigating their promoter binding capacities and respective kinetics. This will
be complemented by the structural classification of the antitoxins.

Methods: Protein-promoter interaction studies have been performed using EMSAs. Structural work
has been completed using X-ray crystallography and experimental phasing using selenomethionine
labelled AbiEi protein crystals.

Results: The crystal structure of the autoregulatory antitoxin protein AbiEi has been solved to 1.83 A
and contains the wHTH DNA-binding domain as seen in Rv2827c. Rv2827c binds to four sites within
the rv2827c promoter in a sequence dependent pseudo-negatively cooperative manner; a
mechanism not seen before in toxin-antitoxin system autoregulation. In contrast, Rv1044 appears to
not bind the cognate promoter region. Rv1044 can bind the Streptococcal AbiEi promoter, however,
this appears to be artefactual as there is no cross-regulation between the mycobacterial type IV
promoters.
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0160 Architectural principles for Hfq/Crc-mediated regulation of genes during carbon catabolite
repression in Pseudomonas aeruginosa

Udo Bl&si', Xue Yuan Pei?, Tom Dendooven?, Elisabeth Sonnleitner?, Shaoxia Chen3, Ben Luisi?

IMax F. Perutz Laboratories, Microbiology and Genetics, Vienna, Austria
2University of Camebridge, Biochemistry, Camebridge, United Kingdom
3MRC Laboratory of Molecular Biology, Camebridge, United Kingdom

Background: In Pseudomonas aeruginosa the RNA chaperone Hfg and the catabolite repression
control protein (Crc) act as post-transcriptional regulators during carbon catabolite repression. Crc
was shown to be required for full-fledged Hfg-mediated translational repression of catabolic genes.
Biochemical and biophysical approaches indicated that Crc and Hfg form an assembly in the presence
of RNAs containing A-rich motifs, and that Crc interacts with both, Hfq and RNA.

Objectives: To disclose how Crc augments translational repression by Hfq, structural studies were
performed to reveal the architecture of the Hfq/Crc/RNA complex(es).

Methods: Cryo-EM was used for the structural analysis of Hfg/Crc/RNA complexes. Crc variants were
constructed by genetic menas to validate the different Hfg/Crc/RNA complexes.

Results: The structure of the Hfg/Crc/RNA complex disclosed for the first time how an interacting
protein can augment translational repression by Hfg. The core of the assembly is formed through
interactions of two cognate RNAs, two Hfq hexamers and a Crc pair. Additional Crc protomers are
recruited to form higher-order assemblies with demonstrated in vivo activity. A pattern of repeating
motifs in the RNA supports the quaternary structure. This study reveals how Hfg cooperates with a
partner protein to regulate translation and provides a structural basis for an RNA code to guide
global regulators to interact cooperatively and regulate different RNA targets.
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0161 A stretch/recoil allosteric mechanism controls the catalytic cycle of Rel enzymes

Abel Garcia-Pino'

IUniversité Libre de Bruxelles, DBM, Gosselies, Belgium

Background: Dormancy and persistence are intricately related with the stress response. (p)ppGpp is
a key regulator of bacterial growth and stressistritolerance that is synthetized and hydrolyzed by
RelA/SpoT Homologue (RSH) enzymes. It has been proposed that nucleotides could play an
important role in the regulation of (p)ppGpp levels by these enzymes.

Objectives: Characterization and analysis of the conformational cycle of the synthetase and
hydrolase domains of the long RSH enzyme from T. thermophylus and its regulation by nucleotides
during catalysis.

Methods: We provide structural and biophysical evidence at a single molecule level that nucleotide
binding acts as an efficient switch that turns on/off ppGpp synthesis by coupling nucleotide binding
to the RelA/SpoT conformational cycle.

Results: We solved the structures of ttRel in the active hydrolase and synthetase states and studied
the conformational landscape of the enzyme by single molecule FRET microscopy. We show that in
contrast with small alarmone synthetases (SAS) the binding of GDP precedes the incorporation of
ATP and stabilizes an open state incompatible with ppGpp hydrolysis. By contrast the presence of
ppGpp reverts the protein to a very compact state incompatible with ppGpp synthesis. These results
highlight that nucleotides exert a stronger allosteric control on RSH enzymes than what was initially
assumed by arranging the active site residues. Our structures could have important implications for
the development[s}}]of new antibacterials and underscore the complexity of the regulation of the
catalytic cycle of these enzymes.
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0162 Hijacking the hijackers: the satellite-helper pathogenicity island interaction
Andreas Haag!, Magdalena Podkowik?, Richard Novick?, Jose Penades?

IUniversity of Glasgow, Institute of Infection, Immunity, and Inflammation, Glasgow, United Kingdom
2Skirball Institute Of Bio Molecular Medicine, New York, United States

Background: The development of novel multi-resistant and hypervirulent bacterial strains from
formerly avirulent or only weakly virulent strains is dramatically fuelled by the acquisition of mobile
genetic elements carrying virulence factors. Despite its relevance, the mechanisms underlying gene
transfer among bacteria remain, in most cases, unidentified. Staphylococcal pathogenicity islands
(SaPls) are the prototypical members of a novel family of mobile genetic elements, the phage-
inducible chromosomal islands (PICIs). They are important because they carry and disseminate
clinically relevant virulence genes, including toxins and antibiotic resistance genes. It has long been
assumed that SaPI transfer depends exclusively on a helper phage.

Objectives: In this project we establish a novel pathway by which bacteria exchange genetic
information and decipher the molecular basis of this unprecedented strategy.

Results: We demonstrate the existence of a hitherto unrecognised attribute of the SaPls that allows
their promiscuous spread in nature. We describe that a subset of SaPIs has evolved a fascinating
strategy that promotes their high transfer by pirating other SaPls, highlighting these elements as one
of nature’s most intriguing subcellular parasites. These findings represent the discovery of two novel
subcellular entities, the helper and the satellite pathogenicity islands, whose mechanism of
interaction and relevance in the emergence and dissemination of novel bacterial virulent clones
remains to be determined.
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0163 Computational modeling, molecular dynamic simulation and in vitro studies suggested that
natural epiesteriol is a potential inhibitor against Omp38, RecA, PyrE and PyrF targets of multi-drug
resistant Acinetobacter baumanni

Sinosh Skariyachan'?

IDayananda Sagar College of Engineering, Biotechnology, Bangalore, India

Background: Multidrug resistant Acinetobacter baumannii (MDRAb) declared as priority-I pathogen
by WHO (2017) and screening of potential therapeutic agents has profound application.

Objectives: This study aimed to identify putative drug targets of MDRAb and validate the therapeutic
potential of natural molecules by structure based drug screening and in vitro studies

Methods: Ten clinical isolates of Ab were subjected to antibiotic susceptibility testing against five
carbapenems and two colistins. Based on the metabolic pathway and functional role analysis, outer
membrane protein (Omp38), protein RecA (RecA), orotate phosphoribosyltransferase (PyrE) and
orotidine 5’-phosphate decarboxylase (PyrF) were identified as potential drug targets by KEGG
database search. The three dimensional structure of Omp38 was retrieved from PDB and others were
computationally predicted and validated. 236 natural molecules were screened from various
databases and subjected to virtual screening, molecular docking and molecular dynamic simulation.
The therapeutic potential of computationally predicted molecules was validated by in vitro studies.

Results: The clinical isolates (n=10) showed extreme dug resistance to carbapenems and colistins
(p<0.05). Computational screening suggested that 06 leads were qualified for drug likeliness,
pharmacokinetic features and one molecule-natural epiesteriol (16b-Hydroxy-17a-estradiol)
exhibited significant binding towards four drug targets in comparison with the binding of faropenem
and polymyxin E towards their usual targets. MD simulations suggested that epiesteriol-receptor
complexes demonstrated stability throughout the simulation. The growth curve and time kill assays
revealed that MDRAb showed resistance to Faropenem and Polymyxin-E and purified epiesteriol
showed significant inhibitory properties (100 pg/mL) towards four drug targets in comparison with
the controls (p<0.05)
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0164 The development of meningococcal vaccines
lan Feavers?!

INational institute for Biological Standards and Control, Bacteriology, Potters Bar, United Kingdom

Once feared for its rapid onset together with its severe morbidity and mortality, meningococcal
disease is now largely controlled by effective vaccination programmes in most parts of the world.
Even in the countries of sub-Saharan Africa, which in the past have been ravaged by repeated
epidemics of group A meningococcal disease, today the problem is largely controlled by vaccination.
Although the development of meningococcal vaccines has been challenging, it has benefitted from
two important technical advances, namely polysaccharide conjugation and recombinant DNA
technologies, as well as from a clearly defined serological correlate of protection. This presentation
will review these developments and examine the potential to reduce the burden of disease further in
the future.
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0165 Vaccination against VZV; where are we now and what does the future hold?

Judith Breuer?

IUniversity College London, United Kingdom

The diseases caused by Varicella zoster virus, chickenpox and shingles are now preventable by three
good vaccines. However, many countries, including the UK, have not implemented VZV vaccination

programmes. | discuss the reasons for this as well as some of the implications of preventing VZV
disease for vaccination in the future.
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0166 Progress and challenges in TB vaccines; a paediatric perspective

Elizabeth Whittaker®?

mperial College London, Paediatrics, London, United Kingdom
2Imperial College Healthcare NHS Trust, Paediatric Infectious Diseases, London, United Kingdom

Children represent both a clinically important population susceptible to tuberculosis and a key group
in whom to study intrinsic and vaccine-induced mechanisms of protection. The only licensed vaccine
to prevent TB, BCG, is moderately effective in preventing TB in young children in particular from
disseminated disease in high endemic settings, but is unreliable in preventing TB in adolescents and
adults. Boosting the BCG vaccine response, either through BCG revaccination or with a novel vaccine,
may have a beneficial role in high endemic settings. There has however been controversy
surrounding the role of BCG revaccination aso initial data from a large adolescent revaccination study
did not report a protective benefit. More recently the potential benefit of revaccinating adolescents
with BCG has been reviewed and thought to be both cost effective and efficacious in some settings.
Recently, in a prevention-of-infection Phase 2 trial of the novel vaccine candidate H4:1C31 conducted
in South African adolescents, revaccination with BCG significantly reduced TB infections.
Revaccination is not associated with an increased risk of adverse events, and there may be beneficial
heterologous effects. Prevention of infection (POI) candidates and studies are most appropriate in
paediatric cohorots. A number of promising candidates are progressing through vaccine pipeline,
including VPM1002, M72 and H4:1C31. Recently, the infant trial of the MVA85A candidate, which
conclusively failed to demonstrate added protection to that provided by newborn BCG vaccination,
taught invaluable lessons about conduct of infant vaccine trials, pre-clinical animal models,
community engagement, endpoint determination, and biomarkers of risk for TB.
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0167 Triumphs, trials and tribulations of influenza vaccines
Maria Zambon?

Ipublic Health England, United Kingdom

Background: Over 14 million individuals are vaccinated against influenza in the UK every year.
Vaccine campaigns from winter of 18/19 onwards will involve increasing diversity of vaccines.
Different population segments receive different vaccines, making the landscape of influenza vaccines
complex.

Objectives: Despite successes at increasing vaccine coverage and improvements in surveillance to
detect variations in circulating strains, there remain significant challenges in (1) predicting which are
the best virus strains to use for seasonal influenza vaccines and (2) optimising the effectiveness of
current vaccines used in children and the elderly.

Methods: Strengths and limitations of seasonal influenza vaccines and progress towards universal
influenza vaccines will be discussed.

Results: Making best use of the available vaccines is an important public health measure
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0168 Dynamics and molecular basis of bacterial host adaptation

Ross Fitzgerald®

IUniversity of Edinburgh, The Roslin Institute, Edinburgh, United Kingdom

Background: The capacity for some pathogens to adapt to different host-species provides
opportunities for expansion into new host populations. Staphylococcus aureus is a major human
pathogen that also causes economically important infections of livestock.

Objectives: We have been investigating the evolutionary history of S. aureus clones associated with
different host species, the dynamics of host-switching events and the molecular basis for host-
adaptation.

Methods: We have used a combination of time-scaled phylogenetics, comparative genomics of >800
isolates, functional analysis and experimental infections.

Results: We have identified ancient and recent host-switching events leading to the emergence of
endemic and epidemic clones in humans and livestock. Our analyses have resulted in the
identification of specific mutations and mobile genetic elements that have contributed to the
capacity to infect different hosts.
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0169 Genome evolution and adaptation of Achromobacter xylosoxidans within the airways of
cystic fibrosis patients

Migle Gabrielaite!, Helle Krogh Johansen?, Rasmus Marvig!

1Copenhagen University Hospital, Center for Genomic Medicine, Copenhagen, Denmark
2Copenhagen University Hospital, Department of Clinical Microbiology, Copenhagen, Denmark

Background: Airway infections from opportunistic bacterial pathogens are a major cause of
morbidity and mortality in cystic fibrosis (CF) patients, and within-host genetic adaptation has been
hypothesized to play a role in these infections. Among the CF pathogens the role of within-host
genetic adaptation of Achromobacter xylosoxidans remains highly unknown.

Objectives: We aim to analyze genome sequences of clinical isolates of A. xylosoxidans to better
understand population genomics, within-host microevolution, mutational mechanisms, genetic
adaptation and elucidate potential transmission events between CF patients.

Methods: We analyzed genome sequences of 103 clinical isolates of A. xylosoxidans collected
longitudinally from 50 CF patients to establish a catalogue of genomic differences among the isolates.
This included an analysis of the gene content of each isolate and an identification of small mutational
changes within genes.

Results: We found that the population of A. xylosoxidans was genetically divided into four major
groups that each encompassed a number of genetically distinct clone types (Fig. 1). Different CF
patients were not infected by the same clone type; however, individual patients were observed to be
infected with the same clone type over time. We found that the same genes were often mutated in
persisting clonal lineages, indicating genetic adaptation. Furthermore, we determined the relative
contribution of small and large genomic alterations, respectively, to the generation of the within-host
genetic diversity. Overall, this analysis increases our understanding of bacterial adaptation to the
host and facilitates comparative studies to other CF pathogens.
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Figure 1. Phylogenetic tree of 103 Achromobacter xylosoxidans isolates. The phylogenetic tree is based on
SNPs in the core genome.
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0170 The role of the mobilome in the fall and rise of group B Streptococcus in cattle
Chiara Crestani?, Mark Holmes?, Samantha Lycett?, Taya Forde?, Karin Persson Waller*, Ruth Zadoks!

IUniversity of Glasgow, Institute of Biodiversity Animal Health and Comparative Medicine, Glasgow,
United Kingdom

2University of Cambridge, Department of Veterinary Medicine, Cambridge, United Kingdom
3University of Edinburgh, The Roslin Institute, Edinburgh, United Kingdom

‘National Veterinary Institute, SVA, Travvdgen, Uppsala, Sweden

Background: Streptococcus agalactiae, also known as group B Streptococcus (GBS), is a pathogen of
humans and cattle, in which it is responsible for carriage or invasive disease and subclinical mastitis,
respectively. Due to the successful management practices on dairy farms, GBS disappeared from the
Swedish cattle population between the early ‘80s to the late ‘90s. GBS was thought to consist of
distinct host-specific subpopulations. Recent studies have shown that human and cattle
subpopulations overlap, with only a few host-specific sequence types (ST). The ability of a strain to
adapt to different host species may be linked with the acquisition of mobile genetic elements (MGE).

Objectives: Exploring the differences in GBS cattle population pre- and post-eradication, with a focus
on the possible role of the mobilome in the evolution of these strains.

Methods: GBS isolates from milk (n= 113) were sequenced with lllumina MiSeq. Reads were filtered,
trimmed with ConDeTri and assembled with SPAdes. Assemblies were evaluated with Quast, a core
genome alignment was obtained with RAXML and displayed both as tree (iTOL) and network
(Splitstree). Prokka and Roary were used for sequence annotation and pangenome construction.

Results: Network analysis revealed the presence of five main clades: two consisted of cattle-specific
ST, three comprised ST originating from both cattle and humans. One of the clades was detected only
pre-‘80s, two only post-‘90s and two were present in both periods. Isolates from the pre-eradication
era were all tetracycline sensitive, whereas 53% of the post-‘90s isolates harboured one or more
tetracycline resistance genes.
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0171 The evolution of the animal-adapted Mycobacterium tuberculosis complex
Daniela Brites®?, Chloé Loiseau®?, Fabrizio Menardo®?, Sebastien Gagneux??

ISwiss Tropical and Public Health Institute
2University of Basel

Background: Tuberculosis (TB) affects humans and other animals and is caused by bacteria from the
Mycobacterium tuberculosis complex (MTBC). Unlike in humans the ecology and the evolution of the
animal-adapted MTBC groups are not well understood.

Objectives: Provide a robust phylogenetic framework for the animal adapted-MTBC that can help us
understanding major host transitions and the evolution of host-pathogen specificity within the
MTBC.

Methods: We have gathered 529 genomes of animal-adapted MTBC after screening 12’886 publicly
available MTBC genomes and newly sequenced 17 animal-adapted MTBC strains. We use
comparative genomics, phylogenetic reconstructions, molecular dating and population genetics to
get insights into the evolutionary history of the animal-adapted MTBC.

Results: We confirm that the animal-adapted MTBC members are paraphyletic; some are members
more closely related to the human-adapted Mycobacterium africanum Lineage 6 than to other
animal-adapted strains. Nucleotide diversity was not positively correlated with host phylogenetic
distances, suggesting that host tropism is driven more by contact rates and demographic aspects of
the host population than by host relatedness. Furthermore, four main animal-adapted MTBC clades
that might correspond to main host shifts were identified. We hypothesize that M. bovis and M.
orygis, reflect independent speciation events from a common ancestor into different cattle
populations. Furthermore, genetic diversity estimates of M. bovis and M. orygis suggest that much of
the diversity observed worldwide has originated in East Africa and South Asia, respectively. We
combine molecular dating with the history of cattle domestication to provide an evolutionary
scenario for the evolution of bovine TB.
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0172 Prokaryotic Rab GTPases: a unique host adaptation tool of Legionella

Carmen Buchrieser?, Sonia Mondino?, Laura Gomez Valero?!

nstitut Pasteur, Genomes and Genetics, Paris, France

Background: Legionella are environmental bacteria that replicate inside aquatic protozoa but are
also able to infect humans where they replicate in alveolar macrophages and cause a severe
pneumonia. Legionella host adaptation evolved through interdomain horizontal gene transfer (HGT)
of eukaryotic functions

Objectives: We aimed to identify proteins allowing host adaptation of Legionella and thereby also
allowing these bacteria to cause disease in humans.

Methods: We sequenced the genomes of 80 Legionella strains belonging to 58 species and analyzed
them by using comparative genomics methods and phylogenetic analyses to identify proteins
predicted to play a role in host pathogen interactions. The identified proteins were analysed
experimentally.

Results: We identified 184 small GTPases of which 104 could be classified with a very high confidence
as Rab, Ras or Rho like proteins (34 Ras, 71 Rab and one Rho domain). Blastp analysis (NCBI
database) revealed that 149 of the 184 small GTPases of Legionella were exclusively present in
Legionella and eukaryotic organisms. A subset of Rab proteins carried additional domains (U-box,
ankyrin, F-box). Phylogenetic analysis of 16 Rab proteins present in eight different Legionella species
showed that the Rab domains were acquired by HGT, mainly from protozoa. To substantiate that
these proteins may act in the host cell, we undertook translocation assays for 16 Rab like proteins
confirming their translocation. Detailed analyses of one of these Rab proteins, confirmed that it has
indeed GTPase activity. Thus, secretion of prokaryotic Rab GTPases are a new way of host adaptation
employed by Legionella.
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0173 An essential mycolate remodeling program for mycobacterial host adaptation
Rebeca Bailo?, Eliza J.R. Peterson?, Min Pan?, Charlotte Cooper?, Nitin Baliga?, Apoorva Bhatt!

Institute of Microbiology and Infection, School of Biosciences, University of Birmingham,
Birmingham, United Kingdom
2Institute for Systems Biology, Seattle, United States

Background: Tuberculosis (TB), caused by Mycobacterium tuberculosis (Mtb), was one of the top 10
causes of death worldwide in 2017. Mycolic acids (MA) are distinct long-chain fatty acids found in the
cells wall of mycobacteria including Mtb. MA are required for viability as they play important roles in
the bacterial physiology, permeability, virulence and biofilm formation. Understanding MA
biosynthesis and its regulation in Mtb and their role in the pathogenesis of active and latent infection
is critical for the development of new vaccines and anti-TB drugs.

Objectives: Our aim was the identification of transcription factors (TF) that regulate MA biosynthesis
in response to environmental cues including those that exist during infection.

Methods: Gene regulatory influence network (EGRIN) model of Mtb was used to identify MadR, a TF
potentially regulating genes desA1 and desA2 involved in MA desaturation. To confirm the repression
of desA1/A2, promoter binding was shown by Chip-Seq. Besides, the viability of the inducible TF-
overexpression strain was checked on solid media, and its lipid profile was analysed by TLC. The role
of MadR and desA1/A2 during infection was also assessed by monitoring expression dynamics during
Mtb infection of murine bone marrow-derived macrophages (BMDMs) using Path-Seq, a new
method used to obtain global gene expression of both host and pathogen during infection.

Results: Using Path-seq and regulatory network analyses we have discovered that MadR
transcriptionally modulates two mycolic acid desaturases desA1/A2 to initially promote cell wall
remodelling upon in vitro macrophage infection and, subsequently, reduces mycolate biosynthesis
upon entering dormancy.
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0174 Fitness and epistasis in the development of vancomycin-intermediate Staphylococcus aureus
Anaélle Fait!, Martin Vestergaard?, Paal Skytt Andersen?, Hanne Ingmer?

IUniversity of Copenhagen, Department of Veterinary and Animal Sciences, Frederiksberg, Denmark
2Statens Serum Institut, Microbiology, Parasitology and Virology Department, Copenhagen S,
Denmark

Background: Vancomycin is a last-resort antibiotic used against methicillin-resistant Staphylococcus
aureus (MRSA), however, S. aureus strains with decreased susceptibility to vancomycin (vancomycin-
intermediate S. aureus VISA) have been spreading during the past 20 years and are associated with
severe infections and treatment failure. VISA strains harbor diverse and complex resistance
mechanisms. They develop via the stepwise accumulation of mutations conferring mostly low-level
resistance, resulting in tolerant phenotypes difficult to detect in the clinic. Key questions are if
particular mutational events predispose rapid VISA evolution or evolution to higher resistance levels
and if such events can be prevented.

Objectives: Examining the role of fitness and epistasis in the development of VISA to identify
mutational events that promote rapid evolution or evolution to higher resistance levels.

Methods: We grew independent cultures of MRSA on increasing concentrations of vancomycin and
saved culture samples at each passaging to track the phenotypic and genetic changes occurring
chronologically during VISA development. Chronology in acquisition of mutations gives us an
important insight into the role of non-obvious resistance genes that, while not necessarily increasing
antibiotic resistance, promote the further development of VISA.

Results: We find that VISA strains develop by distinct evolutionary pathways deriving from a common
ancestor, and show that vancomycin tolerance can arise at different pace and to different levels
depending on early mutational events.

By characterizing early determinants that promote VISA development, our work can help implement
guidelines for a better management of vancomycin use in the clinic, and reduce further resistance
development in MRSA.
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0175 Baterial and protozoal dynamics upon thawing and freezing of an active layer permafrost soil

Morten Schostag?, Anders Priemé?, Jacquiod Samuel?, Jakob Russel?, Flemming Ekelund?, Carsten
Suhr Jacobsen?

1GEUS, Department of Geochemistry, Kebenhavn K, Denmark
2University of Copenhagen, Department of Biology, Copenhagen N, Denmark
3Aarhus University, Department of environmental science, Roskilde, Denmark

Background: The active layer of soil overlaying permafrost in the Arctic is subjected to annual
changes in temperature and soil chemistry, which we hypothesize to affect the overall soil microbial
community.

Objectives: We investigated changes in soil microorganisms at different temperatures during
warming and freezing of active layer soil from Svalbard.

Methods: Soil community data were obtained by direct shotgun sequencing of total extracted RNA.

Results: No changes in soil microbial communities where detected when warming from -10°C to -2°C
or when freezing from -2°C to -10°C. In contrast, within a few days we observed changes when
warming from -2°C to +2°C with decrease in fungal rRNA and increase in several OTUs belonging to
Gemmatimonadetes, Bacteroidetes and Betaproteobacteria. Even more substantial changes
occurred when incubating at 2°C for 16 days, with declines in total fungal potential activity and
decreases in oligotrophic members from Actinobacteria and Acidobacteria. Additionally, we detected
an increase in transcriptome sequences of bacterial phyla Bacteriodetes, Firmicutes,
Betaproteobacteria and Gammaproteobacteria - collectively presumed to be copiotrophic.
Furthermore, we detected an increase in putative bacterivorous heterotrophic flagellates, likely due
to predation upon the bacterial community via grazing. Althrough this grazing activity may explain
relatively large changes in the bacterial community composition, no changes in total 16S rRNA gene
copy number were observed and total RNA level remained stable during the incubation. Together
these results are showing the first comprehensive ecological evaluation across prokaryotic and
eukaryotic microbial communities on thawing and freezing of soil by application of the TotalRNA
technique.
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0176 Shades of Brown: how ice algae are melting the Greenland ice sheet

Alexandre Anesio?, Christopher Wiliamson?, Martyn Tranter?, Team Black and Bloom3

IAarhus University, Department of Environmental Science, Roskilde, Denmark
2University of Bristol, School of Geographical Sciences, Bristol, United Kingdom
3Universities of Bristol, Sheffield and Leeds, United Kingdom

Background: It is now recognised that large expanses of ice in the polar and alpine regions are
inhabited by active microbial communities forming one of the biomes of Earth. Microbes on glaciers
and ice sheets are diverse, play an important role in the cycling of nutrients and can also modify the
physical environment they live. For instance, microbial processes at the surface of the ice can lead to
the accumulation of dissolved and particulate organic carbon. The accumulation of cells often seen at
the surface of the ice results in ‘biological darkening’ of glacier surfaces. The ice algal community on
the Greenland ice sheet (GrlS) is dominated

by Mesotaenium berggrenii and Ancylonema nordenkioldii, and the presence of these algae reduces
the albedo of the ice surface, mostly due to a brown-purple purpurogallin-like pigment.

Objectives: Here, we will show that ice algae are the dominant albedo reducing particulate in the
west side of the Greenland ice sheet and demonstrate that light stress is key in stimulating the
production of phenolic-based pigments in ice algae.

Methods: We used a combination of pulse amplitude modulation fluorescence, primary productivity,
counts combined with pigment and albedo quantification and remote sensing information.

Results: We estimate albedo reduction of the ice between 12% and 21%, depending on the algal cell
abundances. Such darkening increases the amount of incident shortwave radiation available for ice
ablation and is a clear contributing element to glacier thinning and wastage.
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0177 Circumpolar microbiome patterns as vulnerability determinants of subducted carbon in arctic
permafrost soils

Tim Urich?

nstitute of Microbiology, Greifswald, Germany

Background: Arctic permafrost soils contain more than 1300 Pg of organic carbon (OC), about half of
the global soil OC and twice as much C as is currently contained in the atmosphere. Besides
temperature and other physicochemical parameters like moisture and oxygen, the soil microbiome
(including bacteria and fungi) is thought to be a crucial factor for SOM vulnerability to decomposition
in these cryoturbated soils. There is now solid evidence that C loss from arctic top soils is likely to
occur. However, there is limited data on the sensitivity of C stocks in deeper soil horizons, although
the majority of C resides therein.

Objectives: We aimed to identify if global patterns in the permafrost soil microbiome associated with
OC decomposition can be identified.

Methods: We investigated the abundance, community composition and activity of prokaryotes and
fungi in > 500 soil samples from the Siberian and Canadian Arctic and Greenland.

Results: Here we show that a distinct microbiome pattern is associated with buried C and that small
scale microbial ecology regulates global biogeochemical processes in permafrost soils. We identified
a circumpolar pattern in the microbiomes, with low abundance of fungi in buried C layers, following a
predictable depth-dependent proxy. In contrast, bacterial abundances were controlled by OC
content. Incubation experiments showed that both groups positively correlated with C
mineralisation. We thus show that microbiome members crucial for SOM decomposition are globally
controlled by different factors resulting in distinct microbiomes in buried OM horizons that
ultimately regulate SOM vulnerability to warming.
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0178 Impact of global warming on permafrost soil microbiomes and their potential for greenhouse
gas production

Janet Jansson*

1Pacific Northwest National Laboratory, Biological Sciences Division, Richland, United States

Background: The Arctic is one of the most climate-sensitive regions on Earth where average
temperatures are increasing at nearly twice the global rate. This is resulting in dramatic changes in
the landscape, including permafrost thaw, increased decomposition of organic carbon by permafrost
soil microorganisms, and release of greenhouse gases.

Objectives: We aimed to determine the composition and activity of permafrost microbes before and
after thaw and how changes in landscape hydrology influence the potential for greenhouse gas
production by the permafrost soil microbiome.

Methods: We used a multi-omics approach to determine the composition and functions of the
permafrost soil microbiome before and after thaw. We also used metagenome sequencing to obtain
complete to near-complete genomes from arctic soils, including from previously uncharacterized
taxa.

Results: Our results revealed that some taxa were actively transcribing and translating genes in
permafrost, with the surprising finding that iron reduction was highly expressed in the proteome
data. With depth into the permafrost layer, the microbial community composition changed towards
more resilient species that are capable of long-term survival under cold, nutrient poor conditions;
mainly members of the actinobacteria phylum. Metagenome sequencing demonstrated that the
microbial compositions and their functional potential in permafrost are dissimilar from those in the
active layer and that there is a rapid shift upon thaw. Investigation of binned genomes from
metagenomes provided clues to how permafrost microbes are genetically equipped to survive in
arctic soils and their potential to respond to changing environmental conditions.
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Protein secretion systems are specialised macromolecular machines used to translocate specific
proteins out of the bacterial cell, where they can be either released to the external environment or
injected into other cells. Secretion systems, and the diverse proteins they secrete, mediate the
interaction of bacterial cells with the environment, eukaryotic cells or other bacteria. The Type VI
secretion system (T6SS) is a key weapon in the competitiveness and virulence of very many Gram-
negative bacteria. Whilst some T6SSs are ‘anti-eukaryotic’, used to target host cells as classical
virulence factors, the majority appear to be ‘anti-bacterial’, used to efficiently kill rival bacterial cells
and provide a competitive advantage in a variety of polymicrobial niches. T6SSs deliver multiple,
diverse toxins (‘effectors’) directly into target cells by a contraction-based ‘firing’ mechanism. We
have used the potent anti-bacterial T6SS of the opportunistic pathogen Serratia marcescens as a
model to study the mechanisms and consequences of T6SS effector delivery into competitors. This
has revealed a varied portfolio of effector toxins and cognate immunity proteins, used for several
forms of inter-microbial competition. In particular, we have discovered that the S. marcescens T6SS is
not only able to target bacterial competitors, but also to deploy anti-fungal effector proteins against
microbial fungi. These findings make a key contribution to the growing appreciation that the role of
the T6SS in shaping polymicrobial communities is much broader than initially thought.
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Background: Extracellular vesicles (EVs) are produced by cells in all domains of life. EVs carry
macromolecules and metabolites and are involved in cell communication, competition and survival.
EVs have been characterized in many Gram-negative bacteria and, more recently, in several Gram-
positive bacteria.

Streptomyces coelicolor is a model organism for the study of Streptomyces, a genus of Gram-positive
bacteria that undergoes a complex life cycle characterized by a differentiation program, involving the
formation of vegetative and aerial mycelium and spores, and by the production of an enormous
repertoire of bioactive metabolites and extracellular enzymes.

Objectives: Characterization of S. coelicolor EV protein cargo.

Methods:
e Isolation and purification of EVs by density gradient ultracentrifugation;

e Transmission Electron Microscopy, Scanning Electron Microscopy, Atomic-Force Microscopy,
Raman microscopy and Dynamic Light Scattering analyses;

e Proteomic analysis based on Liquid Chromatography Tandem-Mass Spectrometry.

Results: S. coelicolor produces EVs with sizes ranging between 100 and 200 nm. Vesicular cargo
includes proteins, nucleic acids and the antibiotic actinorhodin. In particular, EVs carry a complex set
of proteins involved in cell metabolism, molecular processing and transport. Interestingly, some
proteins such as cytochromes, bacterioferritin and the spore-associated SapA protein are inside
vesicles and some other proteins, such as ribosomal and stress response protein, are associated to
EV surface as suggested by protease accessibility assay coupled with proteomics. Many of these
proteins are involved in physiological and morphological differentiation.
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Therefore, this study may shed light on the role of the extracellular vesicles in Streptomyces physiology
and development.
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Background: Pseudomonas aeruginosa secretes many extracellular proteases that are implicated in
P. aeruginosa pathogenesis. Among them, protease IV (PIV), LasA, and LasB are quorum sensing (QS)-
regulated in transcription level. Our previous research found that PIV is post-secretionally activated
by LasB-mediated extracellular degradation of the propeptide in QS-dependent manner.

Objectives: We found that LasA overexpressed in QS mutant has a severe reduction in its activity
despite high level expression and secretion. We intended to elucidate the underlying mechanism in
this post-secretional activation of LasA by QS.

Methods: SDS-PAGE analysis showed that most LasA in QS mutant was in its non-processed form
(proLasA), suggesting that the processing of LasA occurs in extracellular space by a QS-dependent
factor. Our results demonstrated that LasB and PIV cleave and degrade the propeptide of LasA to
make mature and active LasA. Deletion of /asB remarkably reduced the activity of both PIV and LasA,
indicating that LasB activates both PIV and LasA. LasA activity was reduced more than 60% in Apiv,
suggesting that PIV more directly contributes to the extracellular processing of LasA. Our results
indicated that LasB, PIV, and LasA are not only transcriptionally controlled by QS, but also activated
post-secretionally by each other in a QS-dependent manner.

Results: We suggest the cascade activation of three extracellular proteases, LasB, PIV, and LasA in
extracellular space after secretion. LasB first activates PIV by degrading the PIV propeptide, and then
the activated PIV activates LasA by degrading the LasA propeptide. LasB also can partly activate LasA.
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Background: The type VI secretion system (T6SS) is a molecular nanomachine which delivers potent
toxins directly into host cells or bacterial competitors. Pseudomonas aeruginosa encodes three T6SS
gene clusters and multiple vgrG gene islands which encode for different tips of the T6SS.

Objectives: To characterised the vgrG1b operon.

Methods: We used bioinformatic tools to predict the function of the genes encoded in the vgrG1b
island. Subsequently, we use a range of molecular microbial approaches such as cloning, growth
assays, western blot analysis, molecular modeling, dot blot analysis and T6SS killing assays to
characterise this cluster.

Results: The vgrG1b cluster encodes two genes we name tse7 and tsi7 which are striking divergent
compared to the other genes of the cluster. We identified that tse7 encodes a Tox-GHH2 nuclease
domain at its C-terminus. Expression of Tse7 in bacteria induces the SOS response, leads to growth
arrest and ultimately results in DNA degradation. Additionally, we show that the N-terminus of Tse7
encodes a PAAR-like domain. This PAAR domain facilitates coupling of Tse7 onto the H1-T6SS VgrGlb
timer for delivery into prey bacteria. We could demonstrate that a P. aeruginosa strain deleted for
the vgrG1b operon, including tsi7, becomes susceptible to inter-bacterial Tse7 mediated killing.
Finally we identify, Tsi7, the corresponding immunity protein, which protects the producer from Tse7
via direct protein interaction. This study highlights the specific fitting of toxic effectors onto the tip of
the T6SS, the strain diversity of T6SS effectors and immunity proteins which suggests a role in inter-
strain competition.
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Background: Trimeric autotransporter adhesins (TAAs) are a subset of a larger protein family called
the type V secretion systems. They are localized on the cell surface of Gram-negative bacteria,
function as mediators of attachment to inorganic surfaces and host cells, and thus include important
virulence factors. Yersinia adhesin A (YadA) from Yersinia enterocolitica is a prototypical TAA that is
used extensively to study the structure and function of the type V secretion system. A solid-state
NMR study of the membrane anchor domain of YadA previously revealed a flexible stretch of small
residues, termed the ASSA region, which links the membrane anchor to the stalk domain. This region
is thought to form a hairpin intermediate that is essential for the initiation of the autotransporter
process.

Objectives: In this work, we set out to investigate whether TAAs initiate transport via a hairpin
intermediate in a mechanism comparable to other autotransporters, using YadA as our established
model system.

Methods: SpyTag-SpyCatcher assay, transmission electron microscopy (TEM), Fourier-transform
infrared (FTIR) spectroscopy, autoaggregation assay

Results: We present evidence that single amino acid proline substitutions in the ASSA region produce
two different conformers of the membrane anchor domain of YadA; one with the N-termini facing
the extracellular surface, and a second with the N-termini located in the periplasm. We propose that
TAAs adopt a hairpin intermediate during secretion, as has been shown before for other subtypes of
the type V secretion systems
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Background: Much like eukaryotic and archaeal viruses, which derail the host’s cellular processes to
ensure viral replication, phages have evolved complex strategies to take over their bacterial hosts.
Many phages encode specialised small proteins, which we refer to has ‘host acquisition factors’
(HAFs) that modulate, inhibit or repurpose essential bacterial processes to promote phage progeny
development.

Objectives: Identify HAFs in phages.
Methods: Molecular microbiology, mass spectrometry

Results: We describe the identification of a HAF, called Gp53, encoded by the Bacillus subtilis
infecting phage SPO1. We reveal that Gp53 interacts with the ClpC ATPase protein of the ClpCP
protease of B. subtilis. We demonstrate that Gp53 stimulates the ATPase activity of ClpC and
modulates the proteome of B. subtilis. Since the ClpCP protease of B. subtilis requires the binding of
so called ‘adaptor’ proteins for specific substrate recognition for proteolysis, our results suggest that
Gp53 functions as a phage-encoded ‘adaptor’ of the ClpCP protease, which modulates the proteome
of the infected bacterial cell to ensure optimal requirements for SPO1 replication are met.
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Background: Under stress, gene expression can be affected by changes in mRNA and protein levels.
Under oxidative stress certain yeast proteins, such as Cdc13, are specifically regulated at the
translational level. Cdc13 is a cyclin essential for the G2/Mitosis cell cycle transition. Under oxidative
stress, the level of this protein increases without changing mRNA level. Changes in tRNA levels might
explain the effect on translation of Cdc13 mRNA.

Objectives: The purpose of this work was to determine whether increasing tRNA levels that decode
rare codons in cdc13 mRNA, affect the expression and folding of the Cdc13 and/or cell growth in
Schizosaccharomyces pombe.

Methods: Northern blot to asses tRNA levels of H,0,-induced oxidative stress cells and
overexpressed tRNA genes. Microscopy assessment of cell phenotype. PAGE to asses protein
aggregation.

Results: H,0>-induced oxidative stress resulted in an increased level of tRNA®Yycc and tRNAAE¢
while tRNA™ 6y did not change. Because tRNA®Ycc has a low gene dosage (decoding a rare codon),
we studied the effect of the overexpression on this tRNA in the expression and solubility of Cdc13.
Overexpression of the tRNA®Ycc gene increased aggregation of Cdc13 but did not affect the mRNA
and protein levels. Additionally, overexpression of this tRNA resulted in elongated cells. However,
overexpression of the high gene dosage isoacceptor tRNA®Yc, decoding an optimal codon, did not
generate the elongated cell phenotype. In conclusion, these results revealed that overexpression of
the tRNA®Yc affected the solubility of cdc13. This effect could generate the elongated phenotype as
a defect of the cell cycle.
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Background: Protein N-alpha acetylation is common in eukaryotes, but not in prokaryotes. N-alpha
acetylation can alter protein folding, binding interactions, and degradation. In prokaryotes, only
bacterial ribosomal proteins are N-terminally acetylated. The genome of Salmonella enterica subsp.
enterica sv Typhimurium strain LT2 (hereafter S. enterica) contains one sirtuin deacylase-encoding
gene, cobB that synthesizes two biologically active isoforms, CobBsor) and CobByong, Which differ in
size by a 37-residue N-terminal extension. Here we report that CobB, isoform of S. enterica is
acetylated by the acetyltransferase, YiaC. To our knowledge, this is the first instance of N-terminal
acetylation of a bacterial non-ribosomal protein.

Objectives: To characterize the N-terminal acetylation of the sirtuin deacylase CobB, by the
acetyltransferase YiaC in S. enterica.

Methods: We show that radiolabeled acetyl moiety of acetyl-coenzyme A (AcCoA) is transferred to
CobB, by YiaC. LC/MS/MS analysis confirmed N-terminal acetylation of CobB, . Additional support was
obtained in vitro using [1-'*C]-acetyl-CoA, synthetic peptides and lysine CobB, variants. Acetylation
by YiaC affected CobB, function in vivo during growth of S. enterica using acetate and in vitro with
sirtuin activity assays.

Results: Our in vitro studies demonstrated that CobB, but not CobBs was acetylated, and that YiaC
modified the a-amino group of the N terminus. This modification prevented growth of S. enterica
when CobB, was required. We report the first finding of a posttranslational modification of a
prokaryotic sirtuin. This discovery expands the understanding of N-terminal acetylation of
prokaryotic proteins and the regulation of sirtuins.
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Two novel thermophilic, aerobic, and heterotrophic bacteria, designated strain G233 and YIM
723107, were isolated from sediments of Great Boiling Spring (GBS) in the US Great Basin, and
Hamazui spring (HMZ) in Rehai National Park, China. Growth occurred at 50-65 °C (optimum 55-60
°C) and pH 6.0-8.5 (optimum pH 7.0). Based on 16S rRNA gene sequence analysis, the both strains
belonged to the phylum Chloroflexi, although both were distant from the closest relative, Caldilinea
aerophila DSM 145357 (85.8 % nucleotide identity). Phylogenies inferred from the 16S rRNA gene and
the bac120 marker gene set indicate that the two strains are the first cultivated representatives of
the ‘TK10’ lineage, which may represent a novel class or order. Although both strains grew to high
cell density on R2A, few compounds were used as sole carbon and energy sources; however,
genomic predictions and exometabolomics profiles indicate a much broader heterotrophic repertoire
for these organisms, including heterotrophic activity on a variety of phenolics, heterocycles, and
lipids and lipid derivatives. We suggest these organisms may specialize in digesting complex
extracellular material in photosynthetic mats at the fringes of geothermal springs from which they
were isolated. On the basis of their unique phylogenetic placement and physiological characteristics,
we propose the names Planoflexus thermophilus sp. nov. and Planoflexus flavus sp. nov. for G2337
and YIM 723107, respectively. Further investigation will guide the higher-level taxonomy of these
isolates and related single-cell genomes and metagenome-assembled genomes from terrestrial
geothermal springs and marine ecosystems.
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Background: Acidobacteria is one of the globally distributed and phylogenetically diverse bacterial
phyla. The currently explored diversity within this phylum is commonly addressed as corresponding
to 26 major 16S rRNA gene sequence clades or subdivisions. Recently, these 26 subdivisions were
assigned to 15 class-level units, five of which contain described members. Acidobacteria-affiliated
16S rRNA gene sequences are commonly retrieved from various environments in cultivation-
independent studies. Vast majority of these studies, however, simply report the observed pattern of
acidobacterial diversity in the target habitat based on the proportion of reads affiliated with different
subdivisions. The functional roles of acidobacteria identified in these studies are only rarely
discussed.

Objectives: This analysis was undertaken in order to examine the lifestyles and ecological
preferences of acidobacteria from different taxonomic groups.

Methods: The analysis was made using a comprehensive set of 16S rRNA gene sequences from
characterized members of this phylum and as-yet-uncultivated representatives. The available
genome sequences and the functional capabilities of taxonomically described organisms were taken
into account.

Results: The analysis revealed considerable phenotypic similarity of acidobacteria within particular
orders and families. Thus, members of the orders Acidobacteriales and Bryobacterales are
acidophilic/acidotolerant bacteria with the preference for the aerobic/microaerobic lifestyle. Cold-
tolerance and hydrolytic capabilities determine their wide distribution in low-temperature terrestrial
habitats rich in organic matter. The corresponding profiles of ‘ecological fitness’ could be determined
for other taxonomic groups of acidobacteria as well. This linkage between the taxonomic affiliation
and the potential functional capabilities could help interpreting the results of molecular diversity
surveys.
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Background: Nitrogen (N) is made bioavailable and recycled into the atmosphere by microorganisms
in the biogeochemical N-cycle. A major N-cycle process is nitrification, the oxidation of ammonia via
nitrite to nitrate. Nitrification is the main biological source of nitrate and indispensable for
wastewater treatment. However, nitrification also causes N-loss from fertilized soils and contributes
globally to nitrous oxide emissions. Traditionally, the nitrifying microbes were regarded as highly
specialized organisms whose growth is tightly linked to aerobic nitrification. Moreover, a paradigm of
N-cycle microbiology stated that ammonia and nitrite oxidation are catalyzed by different
microorganisms in cooperation. For decades, nitrification research in microbiology and
environmental engineering has relied on these firm assumptions.

Results: Recent studies in microbial ecology have revealed a much more complex ecophysiology of
ammonia and nitrite oxidizers. Novel alternative metabolisms were identified in globally distributed
nitrite-oxidizing bacteria (NOB) from the genera Nitrospira and Nitrococcus, which enable these NOB
to utilize energy sources other than nitrite and grow independently of nitrification. Ammonia-
oxidizing archaea were found to tap novel sources of ammonia, and even anaerobic energy
metabolisms were identified in nitrifiers. Surprisingly, complete ammonia oxidizers (comammox)
were discovered in the genus Nitrospira. Comammox catalyze full nitrification alone and are widely
distributed in diverse ecosystems. Their physiological properties suggest that comammox could be
important for nitrification management and the mitigation of greenhouse gas emissions in
agriculture and sewage treatment. Altogether, these findings have turned over the traditional picture
of nitrification and expanded our perspective of the, mostly poorly characterized, nitrifying
microorganisms.
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Reductive acetogenesis from H, and CO, is an important process in termite guts. Unlike in other
environments, it is not catalyzed by homoacetogenic Firmicutes but instead by a termite-specific
lineage of spirochetes. Recent studies documented that the enzymes required for the Wood-
Ljungdahl pathway are also present in the genome of ‘Candidatus Adiutrix intracellularis’, an
endosymbiont of termite gut flagellates that represents a deep-branching clade of
Deltaproteobacteria, the Rs-K70 group. Although this group is widely distributed in intestinal tracts of
termites and cockroaches, its members have not been cultured. We isolated the first representative
of this group from cockroach guts. Acetispira formosa grows by reduction of CO, with hydrogen or
formate and by the homoacetogenic fermentation of glucose and N-acetylglucosamine. Comparative
analysis of the genomes of A. formosa and ‘Ca. Adiutrix intracellularis’ and the draft genome of an
uncultured strain from a higher termite reconstructed by metagenomic analysis revealed that the
same set of genes is involved in reductive acetogenesis in all three organisms. The hydrogen-
dependent CO; reductase, a key enzyme of the pathway, which was most likely acquired via lateral
gene transfer, appears to be of clostridial origin. However, none of the genomes encode an energy-
converting hydrogenase or an Rnf complex. Instead, they encode an 11-subunit complex that has
been implicated in energy conservation of methyl-reducing methanogens, which suggests that
energy metabolism in Acetispirales differs from that in homoacetogenic Firmicutes.
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Background: Natural gas is the product of either thermal or microbial degradation of organic matter
in the subsurface environments. The microbial gas is estimated to account for about 20%. It consists
mostly of methane produced by subsurface methanogens. Methanogens are assumed to use very
limited small compounds such as H,+CO,, acetate, and methyl compounds, which should be
produced by thermal or microbial degradation of larger organic matter. However, details of such
processes are yet to be verified.

Objectives: We aim to investigate how deep subsurface microorganisms in oil and gas fields convert
kerogen and crude oil to methane and if methanogens can use methoxy groups abundant in coal.

Methods: We constructed microcosms mimicking subsurface environments in the fields of microbial
gas and biodegraded oil, observed the methane production potential, and analyzed the microbial
community structures. Also, we cultivated methanogens with various methoxylated aromatic
compounds (MACs) and coal.

Results: A large amount of methane was produced in microcosms for the microbial gas fields,
implying direct microbial degradation of kerogen. The predominance of Alkalibaculum bacchi and
Methanosaeta species suggests acetogenesis from MACs followed by acetoclastic methanogenesis as
among the reaction pathways. Conversion of toluene and other alkylbenzenes to methane was
observed in microcosms for the biodegraded oil field. Our metagenomic analysis showed that
Peptococcaceae bacterium and Ca. Atribacteria are involved in the degradation of aromatic
hydrocarbons. Among Methanosarcinales methanogens, Methermicoccus shengiensis produced
methane from >30 kinds of MACs. It also showed the activity of direct methane production from
coal.
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Background: Many patients suffering with chronic infections, such as those diagnosed with Cystic
Fibrosis (CF), are at a crossroads. Over time their infections become increasingly debilitating whilst
the number of effective treatment options subsides due to increased occurrences of antimicrobial
resistance. This coupled with a reduction of novel antimicrobials requires the identification of novel
drug combinations, or the repurposing of current antimicrobials. Manuka honey, currently a topical
antimicrobial agent could fulfil both these objectives.

Objectives: The main objectives of this study were to ascertain the effects of manuka honey on CF-
associated pathogens, detect manuka honey-antibiotic combinations with increased efficacy, and to
identify any potential consequences of pro-longed use (spontaneous generation of tolerant
mutants).

Methods: Inhibitory efficacy of manuka honey alone and in combination with clinically relevant
antibiotics was tested using gold standard methods. A specialised 14-day resistance training
experiment, coupled with a 14-day recovery period, was used to identify tolerance towards
prolonged use. Finally, inhibitory efficacy was tested against biofilms grown in a specialised ex vivo
pig lung model.

Results: Manuka honey inhibited CF-associated pathogens alone, and in combination with
antibiotics, however combination therapy yielded varying results (species and concentration
dependent). Prolonged exposure to sub-inhibitory concentrations was not sufficient enough to
sustain an increased tolerance towards manuka honey. Against biofilms, increased concentrations of
manuka honey were required to induce log-fold reductions in cellular viability, a feat not observed
with increased antibiotic concentrations, however combination therapy lead to instances of total
inhibition.

189



0193 The effects of NX-AS-401 on Methicillin Resistant Staphylococcus aureus
Phillip Butterick’?, Rowena Jenkins?!, Daniel Neef?

ISwansea University, Microbiology and Infectious Disease, Swansea, United Kingdom
2Neem Biotech, Abertillery, United Kingdom

Background: Chronic infections brought about by antimicrobial resistant bacteria and the
development of bacterial biofilms require innovative new drugs for treatment. NX-AS-401 represents
a novel approach in development at Neem Biotech, designed to act as an anti-virulence drug
preventing infection and biofilm formation while working to enhance the activity of current standard
of care antibiotics.

Objectives: The aim of this research was to identify the effects NX-AS-401 has on Methicillin
Resistant Staphylococcus aureus (MRSA) in terms of growth, virulence expression and biofilm
formation.

Methods: Initial studies employed EUCAST broth microdilution methods to obtain Minimum
Inhibitory/Bactericidal concentrations of eight strains of MRSA and were adapted for biofilm
inhibition/disruption. Scanning Electron Microscopy (SEM) was used to investigate changes in cell
morphology and biofilm structure. RT-gPCR determined changes in genetic expression in virulence
and biofilm-associated genes. Interactions between NX-AS-401 lead compounds and antibiotics were
determined using checkerboards.

Results: 128 ug/mL of NX-AS-401 inhibits the growth of planktonic MRSA and significantly disrupts
established biofilms (p=<0.05). SEM showed a decrease in cell numbers in biofilms after treatment
with NX-AS-401. RT-gPCR identified significant (fold change >2) changes in genes that regulate
production of extra-cellular components and biofilm formation. Checkerboards demonstrated
synergistic interactions between different antibiotic classes and NX, for example reducing inhibitory
concentrations 2-1 to 0.25ug/mL for Gentamicin.

These results suggest potential for NX-AS-401 to be used in combination with standard of care
treatments to control persistent MRSA infections
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Background: Serratia marcescens is found in a number of environments, including soil, water courses
and clinical settings, where it can cause opportunistic infections. To flourish in these different niches,
S. marcescens strains have developed a number of strategies to compete with other microorganisms.
These include the production of diffusible antimicrobial molecules and the actions of contact-
dependent antibacterial systems, such as the Type VI Secretion System (T6SS). The T6SS is a
proteinaceous nanoweapon that can be deployed by S. marcescens and many other species to
deliver effectors that inhibit or kill neighbouring cells.

Objectives: Much of the work on the T6SS in S. marcescens has been performed using the model
insect pathogen, strain Db10, with a focus on the mechanism of the machinery and identification of
effector proteins. Less is known about the role of the T6SS in clinical isolates of S. marcescens. We
aim to use a multi-drug resistant clinical isolate of S. marcescens, SM39, to study the action and
regulation of the T6SS in a pathogenic strain.

Methods: A combination of phenotypic and RNA based approaches to identify potential regulatory
elements of the T6SS in SM39

Results: We show that SM39 encodes a fully functional T6SS that displays antibacterial action at
environmental temperatures. We further observed that a single amino acid change in the regulator
CpxR drastically changes the T6SS profile of the isolate. Our findings suggest that the regulator CpxR
plays a major role in controlling the action of the T6SS in a clinical isolate of S. marcescens.
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0196 small but mighty: a novel protein important for staphylococcus aureus virulence
Sedna Duggan?, alaa alnahari?, edin o'brien?, maisem laabei3, rachel mcloughlin?, ruth massey?!

Iuniversity of bristol, school of cellular and molecular medicine, Bristol, United Kingdom
2trinity college dublin, biomedical sciences institute, dublin, Ireland
3university of bath, department of biology and biochemistry, bath, United Kingdom

Background: Staphylococcus aureus is a human pathogen, with clinical presentations ranging from
superficial skin infections to fatal bacteraemia. The emergence of antimicrobial resistance in isolates
such as MRSA warrants investigation into alternative strategies for controlling S. aureus. Here we
report a novel, small trans-membrane protein required for S. aureus virulence, which we have named
MasA.

Objectives: This study aims to characterise the role and mechanism of MasA to S. aureus virulence.

Methods: A GWAS performed on a collection of MRSA isolates identified masA as a toxicity affecting
gene. We have used multiple genetic backgrounds and infection models alongside classical
microbiology, proteomics and qPCR to reveal the function of MasA.

Results: Inactivation of MasA results in a reprogramming of iron homeostasis, and higher
intracellular iron levels. Furthermore, S. aureus requires MasA for adaptation to and recovery from
iron overload. Wild type strains exposed to high levels of iron phenocopy the MasA inactivated
strain’s toxin production, indicating that the iron status of the masA mutant is involved in the
reduced virulence observed. Finally, we suggest that the reduced toxicity is also mediated through
repression of the major virulence regulatory system of S. aureus, the Agr quorum sensing system.
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0197 A One Health Perspective: Faecal and Antibiotic Resistance Gene Pollution in Urban Streams
and Bathing Waters

Liam Reynolds?, Laura Sala-Comorera?!, Niamh Martin!, Aurora Gitto?, Tristan Nolan?, Jayne
Stephens!, Wim Meijer?

IUniversity College Dublin, School of Biomolecular and Biomedical Sciences, Dublin, Ireland

Background: Antibiotic resistance is the greatest threat to our healthcare systems. One Health
recognises that the environment is shared by humans and animals and that it is a route by which
bacteria harbouring antibiotic resistance genes from these sources can establish themselves in
humans.

Objectives: We aimed to assess levels and sources of faecal pollution in urban streams that do not
receive treated waste water and their impact on bathing waters. We also wanted to determine
antibiotic resistance gene levels in these streams and bathing waters, and if these levels correlated
with human and animal faecal levels.

Methods: For one year, monthly water samples were taken at Dublin city’s three disignated bathing
waters and two urban streams that discharge onto them. The levels of faecal indicator organisms, E.
coli and intestinal enterococci, were ascertained and the source of faecal pollution (human, dog, gull)
qguantified by microbial source tracking. Also, the levels of genes conferring resistance to clinically
important B-lactam, fluoroquinolone and tetracycline antibiotics were quantified by gPCR.

Results: Our results demonstrate that these urban streams receive human faecal pollution and we
observed correlations between faecal indicator organism levels in the streams and the bathing
waters. Furthermore, antibiotic resistance gene levels in the streams correlated with the human
marker and faecal indicator organisms. No significant correlations were observed between dog and
gull faecal markers and antibiotic resistance genes. These urban streams and bathing waters thus
pose a public health risk as they may transmit enteric pathogens and antibiotic resistance
determinants.
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0198 Hyper-arid environments as a potential source of antibiotics and interactions between
streptomycetes

Tiago Santos?, Jana Schniete?, Cristina Dorador?, Katherine Duncan?, RuAngelie Edrada-Ebel?, Paul
Herron?

IUniversity of Strathclyde, Strathclyde Institute of Pharmacy and Biomedical Sciences, Glasgow,
United Kingdom
2University of Antofagasta, Departamento de Biotecnologia, Antofagasta, Chile

Background: The lack of precipitation and high solar radiation makes the Atacama Desert the
ultimate arid desert on Earth and often compared to the conditions observed on Mars. As a result of
adaptation to this extreme environment, microbial inhabitants might have evolved novel chemical
weapons.

Objectives: Our goal was to determine the genomic relationships and interactions between closely
related microorganisms inhabiting this hyper-arid environment, potentially leading to the
identification of novel secondary metabolites.

Methods: Amongst many actinobacterial strains isolated from two distinct soil samples located
~30km apart, fourteen isolates with differing morphology, but possessing the same 16S rDNA
sequence identical to Streptomyces phaeoluteigriseus, were identified. Bioactivity assays were
performed to evaluate their potential to inhibit clinically relevant pathogens. Furthermore, the
bioactivity between the Chilean strains was studied in order to uncover potential interactions
between them. Whole-genome sequencing was also performed to determine the genomic
differences between them as well as their potential to produce novel secondary metabolites.

Results: Bioactivity assays confirmed the potential of these isolates to produce secondary
metabolites able to inhibit a range of clinically relevant bacteria. Interestingly, interactions between
the isolates from both soils showed that isolates from one soil could inhibit isolates from the other
soil but not those from the same soil suggesting a form of niche-specific adaptation with respect to
antibiotic production by environmental streptomycetes.

In conclusion, fourteen isolates were characterised by their bioactivity, chemistry and whole-genome
uncovering different genomic and chemical relationships due to distinctive local selective pressures
in the same hyper-arid environment.
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0199 The pluripotent malaria parasite: ready to go in any direction
Andrew Waters!

IUniversity of Glasgow, WELLCOME CENTRE FOR INTEGRATIVE PARASITOLOGY, Glasgow, United
Kingdom

Background: Malaria parasites (Plasmodium spp.) are an ancient scourge of human health and
continue to cause significant death and morbidity in the Tropics. Transmission occurs via a female
mosquito vector and requires a developmental shift to the production of transmission forms of
malaria parasites (gametocytes) that are also male/female gamete precursor forms. Asexually
proliferating parasites in a bloodstream infection integrates environmental cues to determine the
timing, extent and quality of commitment to transmission resulting in the production of a
transcription factor (AP2-G) that acts as the master regulator for gametocytogenesis.

Results: We have uncovered one aspect of the control that lies upstream of the action of AP2-G. This
mechanism involves control of mMRNA translation at the level of a subset of the asexual
transcriptome. A specific, conserved RNA binding protein (ALBA3) is responsible for productive
engagement by the ribosome of specific mRNA species that between them control the rate of
progression through the blood stage asexual cycle as well as the ability to produce male or female
transmission forms (gametocytes). Point mutation analysis of ALBA3 implicates protein acetylation
as a key post-translational regulatory facet of commitment to sexual development. Currently we are
using single cell approaches to understand if the mechanism is present in all blood stage parasites
and that asexual parasite development exhibits pluripotency. It is likely that understanding of ALBA3
biology will provide significant insights into several pathological processes of both malaria and other
parasite diseases and may prove amenable to targeted interruption as a control measure.
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0200 Phage-encoded inhibitors of CRISPR-Cas9
Karen Maxwell*

IUniversity of Toronto, Biochemistry, Toronto, Canada

Background: CRISPR-Cas systems provide bacteria with an adaptive immune system that protects
them from invasion by phages, plasmids, and other foreign genetic elements. In response to this
evolutionary pressure, phages evolved anti-CRISPR proteins to combat CRISPR-Cas immunity. Anti-
CRISPRs are widely distributed among phage and prophage genomes and have been identified
against a number of different CRISPR-Cas systems. These anti-CRISPR proteins inhibit CRISPR-Cas
immunity in bacteria, as well as provide effective off-switches for CRISPR-Cas9 genome editing.

Objectives: To characterize the mechanisms by which anti-CRISPR proteins inactivate CRISPR-Cas9.

Methods: We combine in vivo biological assays with in vitro structural and biochemical analyses to
identify the diverse mechanisms by which anti-CRISPR protein inhibitors block CRISPR-Cas9 activity.

Results: We have identified diverse families of anti-CRISPR proteins that inhibit the activity of
CRISPR-Cas9. Several of these anti-CRISPRs show activity against distantly related Cas9 proteins.
Further, diverse anti-CRISPR protein families are able to inhibit the same Cas9 functional domain via
independent means. These studies provide new insight into the mechanisms by which anti-CRISPRs
function and their impact on the evolution and diversification of CRISPR-Cas systems.
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0201 Anti-CRISPR phages cooperate to overcome CRISPR-Cas immunity

Mariann Landsberger?, Anne Chevallereau?, Sylvain Gandon?, Edze Westra?, Stineke van Houte?

IUniversity of Exeter, United Kingdom
2CNRS Montpellier, France

Background: Bacteria evolve CRISPR-Cas immunity against bacteriophage (phage) by inserting phage-
derived sequences into CRISPR loci on the host genome, which can drive rapid phage extinction.

Objectives: Some phages encode anti-CRISPR (acr) genes, which antagonize CRISPR-Cas immune
systems by binding components of its machinery, but it is unknown how these acr genes impact
phage epidemiology.

Methods: In my talk | will present experimental data combined with epidemiological modelling
predictions to explain how Acr-phages can work together to suppress CRISPR immunity of the host.

Results: In the second part of my talk | will present recent insights that can explain long-term
maintenance of Acrs in a phage population.

197



0202 How microbes keep their CRISPR memories functional and up to date

Sebastian N. Kieper?, Cristobal Almendros?, Juliane Behler3, Rebecca E. McKenzie?, Franklin L.
Nobregal, Anna C. Haagsma?, Jochem Vink?!, Wolfgang R. Hess**, Stan J.J. Brouns®?

1Delft University of Technology, Kavli Institute of Nanoscience, Department of Bionanoscience,
Netherlands

2Wageningen University, Laboratory of Microbiology, Netherlands

3Genetics and Experimental Bioinformatics, Faculty of Biology, University of Freiburg, Germany
“Freiburg Institute for Advanced Studies, University of Freiburg, Germany

The CRISPR immune system protects bacteria and archaea from invading viruses and plasmids.
Immunity depends on protein diverse protein complexes that use small RNA molecules to find
matching viral or plasmid DNA. | will show how viruses escape immunity by mutating target sites or
glycosylating their DNA, and will highlight a mechanism called priming that updates the CRISPR
memory leading to rapid co-evolution between host and phage. | will present a new mechanism
catalyzed by Cas4 proteins that selects functional CRISPR memories with a PAM (protospacer
adjacent motif) that is essential for efficient CRISPR targeting. We introduced the CRISPR adaptation
genes casl, cas2 and cas4 from the Type I-D CRISPR-Cas system of Synechocystis sp. 6803 into
Escherichia coli and observed that cas4 is strictly required for the selection of targets with
protospacer adjacent motifs (PAMs) conferring I-D CRISPR interference in the native host. New
spacers displayed variation in spacer length, which is typical for spacers found in the native I-D host
and for cas4-containing CRISPR systems in general. We propose a model in which Cas4 assists the
CRISPR adaptation complex Cas1-2 by providing DNA substrates tailored for the correct PAM. All of
these insights into the biology of CRISPR gathered over the last 10 years have led to some of the
most revolutionary molecular genetics tools to date, with Cas9 being the most well known example. |
will review some new CRISPR tools for genome engineering approaches and molecular diagnostics.
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0203 High tolerance to self-targeting in a halophilic archaeon

Aris-Edda Stachler?, Israela Turgeman-Grott?, Anita Marchfelder?, Ella S. Segal?, Thorsten Allers?, Uri
Gophna?

1UIm University, Germany
2Tel Aviv University, Israel
3University of Nottingham, United Kingdom

Background: Like many systems protecting a cell against invading genetic elements, the CRISPR-Cas
system can potentially cause auto-immunity. In this case, the danger lies in the acquisition of a spacer
targeting the genomic DNA, resulting in an interference reaction against the genome. Self-targeting
has been shown to be highly lethal for several bacteria and so far also for one archaeon: Sulfolobus
solfataricus, a representative of the phylum Crenarchaeota.

Objectives: Here, we investigated self-targeting by the endogenous type I-B CRISPR-Cas system in the
Euryarchaeon Haloferax volcanii.

Results: We demonstrate that expression of a self-targeting crRNA in H. volcanii is tolerated extremely
well and does not reduce cell fitness. Even when the self-targeting crRNA is the only crRNA expressed
in the cell, the observed toxic effects are modest. The surviving cells exhibit deletions in the targeted
region, sequencing of the deletions indicated DNA repair via microhomology-mediated end joining.

The high tolerance of H. volcanii to self-targeting may result from the polyploid nature of
Euryarchaeota which might provide a window of opportunity for mutations to accumulate that will
render self-targeting spacers harmless.
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0204 CRISPR-Cas - from biology to applications

John van der Oost!

Wageningen University, Laboratory of Microbiology, Netherlands

Ten years ago major discoveries at the level of comparative genomics [1], molecular microbiology [2]

and biochemistry [3] have revealed that CRISPR-Cas is a heritable adaptive immune system of
bacteria and archaea, based on RNA-guided DNA interference. These key findings have initiated a
revolution, including exploration the natural diversity of CRISPR-Cas classes and types [4],

characterizing structure-function relations of CRISPR-associated proteins and RNA guides [5], and

development of a range of applications in biotechnology and medicine [6,7]. Apart from comparing

multi-subunit Cascade-like systems (class-1) and single-protein Cas9/Cas12-like systems (class-2)

systems, both natural and synthetic features will be discussed that are relevant for applications [8,9].

(1]
(2]
(3]
(4]
(5]
(6]
(7]
(8]
(9]

Mojica et al. (2005) J Mol Evol 60, 174-182

Barrangou et al. (2007) Science 315, 1709-1712
Brouns et al. (2008) Science 321, 960-964

Makarova et al. (2015) Nat Rev Microbiol 13, 722-736
Mohanraju et al. (2016) Science 353, aad5147/1-12
Charpentier & Doudna (2013) Nature 495, 50-51

Hsu et al. (2014) Cell 157, 1262-1278

Zetsche et al. (2017) Nat Biotechnol 35, 31-34

Wu et al. (2018) Nat Chem Biol. 14, 642-651
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0205 Rapid strain development of Corynebacterium glutamicum for heterologous production of
squalene using multiplex CRISPR interference and high-throughput fermentation

Jaehyun Park?, Han Min Woo!

1Sungkyunkwan University, Food Science and Biotechnology, Suwon, Korea, Rep. of South

Background: Resources of natural squalene, a valuable triterpene used in the food, personal care,
and medical industries, have been limited because of low-yielding bioprocesses from plants and
social-environmental changes related to harvesting shark oil. Thus, the sustainable production of
squalene has driven the development of microbial cell factories (MCFs).

Objectives: Efficient strain development of Corynebacterium glutamicum has been aimed to produce
heterologous squalene from glucose.

Methods: Combinatorial metabolic engineering strategies for precursor rebalancing, redox balancing,
and blocking the competing pathway for the isopentenyl diphosphate availabilities were applied by
repressing the target genes using Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR) interference.

Results: The best engineered strain using high throughput fermentation produced squalene from
glucose at 5.4 + 0.3 mg/g DCW and 105.3 * 3.0 mg/L, which was a 5.2-fold increase over the parental
strain. In addition, flask cultivation of C. glutamicum overexpressing the dxs and idi genes with the
truncated squalene synthase gene and repressing the idsA gene resulted in production of squalene at
5.8+ 0.4 mg/g DCW and 82.8 + 6.2 mg/L, which was a 3.4-fold increase compared with that of the
parental strain. This report demonstrates that blocking the competing pathway using the CRISPRi in
C. glutamicum was effective in enhancing the squalene production.
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0206 Temperature, by Controlling Growth Rate, Regulates CRISPR-Cas Activity in Pseudomonas
aeruginosa

Nina Molin Hgyland-Kroghsbo?, Katrina Arcelia Mufioz?, Bonnie L. Bassler?

1University of Copenhagen, Department of Veterinary and Animal Sciences, Frederiksberg, Denmark
2Princeton University, Department of Molecular Biology, Princeton, United States

Background: Clustered regularly interspaced short palindromic repeat (CRISPR)-associated (CRISPR-
Cas) systems are adaptive defense mechanisms that protect bacteria and archaea from invading
genetic elements, such as plasmids and phages. CRISPR RNAs guide Cas protein complexes to cleave
complementary foreign nucleic acids, a process known as interference. The resulting short fragments
of cleaved DNA can be incorporated into the genomic CRISPR array. This adaptation step expands the
genetic memory of prior infecting elements stored in CRISPR.

Objectives: We hypothesized that slowing bacterial growth could buy a bacterium more time for its
CRISPR-Cas machinery to successfully adapt to and eliminate a foreign genetic element prior to being
parasitized or killed.

Methods: We used mutagenesis and molecular analyses to test the effect of low temperature and
slow growth on adaptation and interference against a plasmid, in the type I-F CRISPR-Cas system of
P. aeruginosa PA14.

Results: We have discovered that temperature regulates CRISPR-Cas interference and adaptation,
i.e., target cleavage and acquisition of new immunity spacers, respectively, in P. aeruginosa PA14.
Specifically, at low temperature, CRISPR-Cas complex levels increase and growth rate decreases, each
of which promotes increased adaptation. This presumably provides additional time prior to cell
division for CRISPR-Cas to patrol the cell and successfully eliminate and/or acquire immunity to
foreign DNA.

bp Acas3 WT

<+ +3 Spacers
<+ +2 Spacers
<+— +1 Spacer

<+ Parent Spacer

15 37 30 23 15
Temperature (°C)

Fig. 1. CRISPR adaptation detected by PCR and gel electrophoresis of the CRISPR2 locus of PA14 and
the interference deficient Acas3 mutant. Each adaptation event is exhibited by a 60 bp increase.
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0207 Characterizing an antiCRISPR-based on/off switch for bacterial genome engineering

loannis Mougiakos?, Despoina Trasanidou?, Prarthana Mohanraju?, Richard van Kranenburg?, John

van der Oost?!

YWageningen University & Research, Wageningen, Netherlands
2Corbion, Gorinchem, Netherlands

Background: CRISPR-Cas9 technologies have enabled unprecedented efficient genome editing and
transcriptional regulation in prokaryotes, allowing for their accelerated exploration and exploitation.
However, tight control of Cas9 expression requires either multi-step approaches, or synthetic fusions
of Cas9 and specific sensor proteins that respond to external stimuli.

Objectives: In this study we aimed to harness the function of a small anti-CRISPR protein from
Neisseria meningitidis (AcrliC1nme) as natural and direct "on/off-switch" of two thermo-tolerant Cas9
orthologues, from Geobacillus thermodenitrificans T12 (ThermoCas9) and Geobacillus
stearothermophilus (GeoCas9).

Methods: We employed episomal based expression of the AcrllC1 nme in Escherichia coli and
combined it with episomal based expression of either ThermoCas9 or GeoCas9, using single- and
double-vector approaches.

Results: We demonstrate that both ThermoCas9 and GeoCas9 are in vivo active at 37°C and can be
used for introducing dsDNA breaks in E. coli, in a tunable and spacer-dependent manner. In addition,
we show that AcrllC1yme traps in vivo these Cas9 endonucleases in a DNA-bound, catalytically inactive
state, robustly inhibiting targeting and resulting in a transcriptional silencing that is comparable to
their catalytically "dead" variants (Thermo-dCas9 and Geo-dCas9). Moreover, we describe a single-
vector, tightly controllable and highly efficient Cas9/AcrlIC1yme-based tool for silencing in bacteria.
Altogether, an anti-CRISPR protein has been used to control Cas9-based genome editing and
transcriptional regulation.
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0208 Sequence-specific re-sensitization of drug resistant bacteria using CRISPR-Cas9: first in vivo
outcomes

Thaysa Tagliaferri®?, Liza Felicori3, Tiago Mendes®*, Simone Santos?, Hans-Peter Horz?

1Federal University of Minas Gerais, Microbiology, Belo Horizonte, Brazil
2RWTH Aachen University, Aachen, Germany

3Federal University of Minas Gerais, Brazil

‘Federal University of Vigosa, Brazil

Background: Considering that the emergence and spreading of antimicrobial resistance genes is
much faster than the discovery of new antimicrobials, alternative strategies, such as reversing
resistance using CRISPR-Cas9 may have a significant impact for future clinical applications.

Objectives: To reverse resistance encoded by the blarem gene and to evaluate the potential of
antibiotics to rescue larvae from infection with E. coli treated or untreated by CRISPR-Cas9.

Methods: First, a gRNA was designed to target a highly conserved region of the blarem gene, and
inserted into a CRISPR-Cas9 vector. After transformation into E. coli, the functionality of the CRISPR-
Cas9 system was verified by qPCR of the RNA transcripts. The drug-resistance phenotype was
assessed by bacterial growth behavior in the presence or absence of beta-lactam antibiotics. Larvae
of Galleria mellonella were infected with defined amounts of drug-resistant or re-sensitized E. coli
strains in order to evaluate the antibiotic rescue capacity upon phenotype reversal.

Results: Successful expression of the Cas9 enzyme in the transformed E. coli cells could be
demonstrated in all experiments by qPCR. Growth curves as well as disk diffusion tests confirmed full
resistance reversal in E. coli. After 72h of infection with the re-sensitized E. coli 70% of the larvae
could be rescued by administration of ceftriaxone as opposed to 38% of larvae infected by the E. coli
wild type. Thus, this study shows that the sequence specific alteration of bacteria efficiently reverses
drug resistance and that the treatment with traditional antibiotics is possible in in vivo infection
models.
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0209 Who Moved My Cheese and its relevance to Microbiology Teaching
Laura Bowater?!

IThe University of East Anglia, Norwich Medical School, Norwich, United Kingdom

Background: Future microbiology graduates are destined to enter a future, career environment,
which has changed substantially over the last two decades. In contrast, it could be argued that
current approaches for teaching microbiology and encouraging the development of learning skills has
not kept pace with these changes. Who Moved My Cheese is an allegory for how change can be dealt
with in the work-place.

Objectives: This session will allow delegates to question and discuss whether;
e We need to re-examine and change both the methods and the subject matter that we
currently provide to our microbiology students?
e The opportunities we provide for undertaking research are fit for purpose in a modern
microbiology curriculum?

Methods: A brief Introduction to Who Moved My Cheese, will be provided by the speaker. This
session will provide an Introduction to the concept that there is both, a need for and a method to
cope with the changes in the learning environments encountered by researchers and educators
working in a modern, higher education sector. This introduction will be followed by a short panel
discussion to include speakers from The Research Teaching Nexus: Exploring its role in Microbiology
and members of the audience. Topics covered may include the need for change and the capacity for
individuals to thrive in a rapidly changing higher educational landscape.

Results: This session will encourage participants to consider whether there are any changes that
educators of future microbiology workforces can adopt to improve their teaching practice.
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0210 The future of research-led teaching in (micro)biology: not different, just better

Joseph Gray?

IUniversity of Glasgow, School of Life Sciences, Glasgow, United Kingdom

Background: Two core activities for academic (micro)biologists are 1) doing original scientific
research and 2) educating university students. The link between good education and active research
is often assumed but is rarely scrutinized, and thus unlikely to be optimized. Few or us are expertin
education: for our teaching, we default to doing what was done to us by an earlier generation of
scientists. Hence change has been slow in (micro)biology education over the last 25 years. But the
world around us has changed hugely: how students learn is understood much better; the number of
graduates has increased hugely; the job market has expanded and diversified. Our graduates are not
all clones of us, nor do they wish to be.

Objectives: To consider the question: What can we do better?

Methods: In this short lecture, | will start with the state of practical/project work in undergraduate
programmes as of 2014 (in work done with Kevin Coward at Oxford). | will summarize what a
university degree in microbiology should already be doing for our students (according to QAA
benchmark statements, 2015) and will highlight where we might be falling short.

Results: | will argue that we need evolution, not revolution: to do things better by creatively putting
more of our scientific research expertise at the very core of what our students actively do, and of
how we assess them.
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0211 The Perceptions of Research and Research-led Teaching
Laura Bowater?, Elena Nardi?, Kay Yeoman3

IUniversity of East Anglia, Norwich Medical School, United Kingdom
2University of East Anglia, School of Education, United Kingdom
3University of East Anglia, School of Biological Sciences, United Kingdom

Background: Research-led teaching is a concept which features in the mission statements of higher
education institutes. It is an approach which is used by research intensive universities to show the
link which exists between research and good teaching. But what does term research actually mean to
a university student and how does this effect their understanding of what research led-teaching is?
Undergraduate students are heavily influenced by their school experiences, so it is important to look
at how their ideas around research have been shaped by their interactions with research in
secondary school.

Objectives: To understand what the term research means to pupils in secondary school and how this
has shaped understanding of research and the research process in higher education.

Methods: A questionnaire and structured interviews were conducted. The 25-question survey was
split into three themes: 1, who does research? 2 ,what is the value of research? 3, how do we do
research? The English examination boards and the national curriculum were examined as to how the
word ‘research’ is used in context. This study was extended to undergraduate and postgraduate
students to determine the point at which their understanding of research changes.

Results: Secondary school pupils were confident that they could do research, but they considered
research to be fact-finding, and not necessarily a process towards something new. This study was
then extended to both undergraduate and postgraduate students at university to try and ascertain
the point at which their understanding of research changed.
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0212 The Research-Teaching Nexus: Quo Vadis
Beatrix Fahnert?

IUniversity of Lincoln, School of Life Sciences, Lincoln, United Kingdom

A teacher’s practice will usually be situated somewhere within the research-teaching nexus, even if
they are not familiar with the nexus concept. Practice naturally varies, e.g. depending on the subject,
but even if we just focus on microbiology, practice has been changing in context of changes in Higher
Education and respective institutional strategies. Given the variations in interpretation and
implementation, it is worth looking into those developments to ensure the outcomes are as
intended.

Institutions often use the term research-led teaching to convey that students learn in and have
access to an environment with excellent research output. However, the term research-informed
would be more appropriate. With an emphasis on content, we fairly routinely find research-led
teaching (students are exposed to research findings) e.g. in lectures. The traditional capstone
research project would be an example of research-based teaching, where students actively enquire
and the emphasis is on the process.

With the HE sector having continuously seen changes, such as increasing student numbers while only
some students seek a research career, we are challenged to keep the curriculum relevant and
sustainable. Hence, institutions strategically focus on certain aspects within the nexus. As research-
based learning activities decrease, extracurricular research projects become sought-after
opportunities, which stretch research-interested students and sometimes also offer interdisciplinary
and intercultural experiences.

This session will explore strengths and weaknesses of trends and emerging patterns of research-
informed teaching in context of student learning and experience, use of staff expertise and outcomes
for the institution.: Objectives: Methods: Results:
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0213 Antimicrobial resistance a true One health issue

Mark Fielder?!, Simon W. Gould?, Fredericka Mitchell, Gary Forster-Wilkins?, Lauren Mulcahy-Ryan?,
Adam LeGresley?, Tim Potter?, Matt Dobbs?

1Kingston University, Faculty of Life Science, Pharmacy and Chemistry, United Kingdom
2Westpoint Farm Vets, United Kingdom

Background: Whilst the spectre of antimicrobial resistance has been ever present, its importance in
recent years has become more apparent. This has lead to questions as to the sources or resistance
and of course how it might be monitored and controlled. The O’Neill reports emenating from the UK
have indicated a number of aspects that should be focussed upon protection and fostering the best
use of antimicrobials — these include the development of rapid diagnostic tools for use at the point of
care. Tools such as these can potentially have value across one health and help in the targeted
treatment of infections where identified.

Objectives: Demonstrate the potential of novel tests to effectively function in different settings
across one health and so inform the diagnostic and or prescribing process.

Methods: This presentation discusses the development of two candidate rapid diagnistic tests using
novel substrate analogues for the detection of pathogen specific enzymes following the release of a
fluorophore. The second test employs the combined use of molecular biology and serology to detect
not only pathogen specific genes but also the organism itself.

Results and Discussion: Both tests described are potentially capable of detecting their respective
targets direct from the p[atient without the need for further culture. There are candidate diagnostics
that can operate in a one health context capable of providing relevant data that can help to inform
treatment choices. These tests and their develoment and application will be discussed.
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0214 The Global Research on AntiMicrobial resistance (GRAM) project: determining the global
burden of antimicrobial resistance

Catrin Moore!

LUniversity of Oxford, Nuffield Department of Medicine, Oxford, United Kingdom

Background: The Global Research on AntiMicrobial resistance (GRAM) project is a partnership
between the University of Oxford and the Institute of Health Metrics and Evaluation (IHME) in
Seattle. The project aims to provide robust, comprehensive and timely evidence of the global burden
of antimicrobial resistance (AMR) in 195 countries and territories.

Objectives: The work has initially focused on 17 bacteria-antibacterial drug (“bug-drug”)
combinations, but this will be expanded over the coming months, we aim to work collaboratively
with researchers and public health officials to: i) Consolidate, review and analyse all available data
and scientific information on AMR worldwide (1990 onwards); ii) Produce granular geospatial maps
of AMR burden as detailed as the data will allow; and iii) Promote the widespread dissemination of
results using tools and interactive data visualizations.

Methods: The methods will consist of i) Quantification of the burden of disease, (number of deaths,
disease incidence and prevalence, by age, sex, time and location, for each cause/clinical syndrome
with pathogens) based on the ICD underlying causes, to calculate the fraction of DALYs attributable
to AMR ii) Determine the prevalence of antibiotic drug resistance by pathogen by underlying cause of
death, sample source, hospital/community origin, etc. and iii) Determine the excess risk of death or
adverse outcome by pathogen and drug resistance compared to antimicrobial sensitive health
outcomes.

Results: This work will generate comparable AMR burden estimates across all 195 countries together
with geospatial maps with the granularity dependent upon the data available.
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0215 Antimicrobial resistance in pets, whats the threat?
Nicola Williams*

IUniversity of Liverpool, Epidemiology and Population Health, Neston, United Kingdom

Background: Antimicrobials are important for managing infectious disease in dogs and people have
close and frequent contact with dogs, therefore they may represent a link in the development and
transfer of antimicrobial resistance (AMR). Of concern is the emergence of extended-spectrum
producing B-lactamases (ESBLs) and AmpC b-lactamases conferring resistance to the 3™ generation
cephalosporins (3GCR).

Objectives: To determine the prevalence, risk factors and molecular epidemiology of AMR and 3CGR
Escherichia coli in dogs in the community, veterinary hospitals, boarding and rescue kennels and in
people who have occupational exposure to dogs.

Methods: Faecal samples were collected from dogs and people and E. coli cultured for the detection
of AMR and ESBL-producing E. coli. All isolates were subject to standard antimicrobial susceptibility
and PCR assays used to detect keys genes and whole genome sequencing performed on key isolates.

Results: Low prevalences of resistant E. coli were observed in the vet visiting dog population to
3CGRs, fluoroquinolones and potentiated amoxicillin, however the feeding of raw meat diets was a
significant risk factor for 3CGR E. coli carriage. Higher prevalences of 3CGR E. coli were found in
hospitalised dogs. The prevalence of ESBL-producing E. coli in people working in vet practices, dog
rescue and boarding kennels was however similar to that reported in the community in other
countries. Furthermore, whilst there was evidence of particular 3CGR E. coli strains or plasmids,
shared in dogs or people in the same premises, this occurred more rarely in both dogs and people.
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0216 One Health Approaches to Predicting and Preventing Emerging Viruses
Peter Daszak!, Mark Fielder?, Aleksei Chmura'?, Hongying Li'

1EcoHealth Alliance, United States
2 Kingston University, United Kingdom

Most high-impact emerging diseases are caused by zoonotic viruses. They emerge through a complex
interaction of socio-economic and environmental drivers acting on contact networks among wildlife,
livestock and people. Our organization uses field studies and ecological analyses to trace back the
origins of specific diseases, estimate viral diversity in wildlife reservoirs, and identify the geographical
regions and global changes most likely to produce pandemics. Using examples from SARS-CoV, MERS-
CoV, SADS-CoV and others, | will show how a One Health approach can provide answers to critical
guestions for emerging viruses, including:

1. Where will the next emerging virus originate?

2. What are the key causes of disease emergence?

3. Which reservoir species will the next EID likely emerge from?

4, How many unknown viruses do these species harbor, and how many can infect us?
5. Can we predict and prevent emergence, and is the expense worth it?

Reducing the risk of new emerging diseases is a key scientific challenge that will require global
cooperation because novel viruses mainly originate in tropical regions, but have the highest
economic impact on richer, rapidly developing countries in the North. Despite the exponential
increase in EID threats, our work shows that cooperative strategies to combat these threats will
provide significant return-on-investment as well as public health benefits.
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0217 Synthetic microbiology: Design and development of industrial cell factories

Christoph Wittmann'

ISaarland University, Institute of Systems Biotechnology, Saarbriicken, Germany

Background: Superior microorganisms that produce chemicals, materials, fuels, and health care
products from renewables are major drivers of the developing bio-based economy. They are the key
to enable sustainable production from green resources rather than from fossil fuels.

Objectives: Such industrial cell factories have to operate as empowered synthetic machines, very
different from the typically low producing wild tpyes. They should be highly efficient in terms of
catalytic power and enable optimum performance at high titer, yield, productivity, and selectivity.
Furthermore, they have to tolerate harsh production conditions and manage to convert second and
third generation feedstocks, often crude and partly toxic mixtures of substrates. This requires novel
concepts of synthetic microbiology for strain design and development.

Methods: Synthetic microbiology integrates systems biology and systems biotechnology with
metabolic engineering and synthetic biology to enable a global analysis, design, and engineering of
the underlying complex metabolic and regulatory networks and bioprocesses at an efficiency and
versatility otherwise not accessible. In this sense, it is changing the way to design and optimize
microbial cell factories.

Results: Meanwhile, model-based metabolic design and engineering can breed synthetic strains,
which reach the high performance of classical producers derived over the past decades. This lecture
will highlight superior efficient cell factories and bioprocesses for bio-production of industrial
chemicals and materials to illustrate these concepts by. In addition, it will present novel approaches
that extend the raw material basis to third generation renewables towards a sustainable green
chemistry.
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0218 RecET recombineering system for markerless integration of heterologous biosynthetic gene
clusters to Pseudomonas putida chromosome

Kyeong Rok Choi?, Jae Sung Cho?, In Jin Cho?, Dahyeon Park?, Sang Yup Lee?

1Korea Advanced Institute of Science and Technology, Department of Chemical and Biomolecular
Engineering, Daejeon, Korea, Rep. of South

Background: Pseudomonas putida has been considered as a promising workhorse of metabolic
engineering, particularly for production of valuable natural products. However, integration of
heterologous genes into the P. putida chromosome, which is essential to generate stable industrial
strains producing heterologous bioproducts, rely on time-consuming homologous recombination and
transposon-mediated random insertion techniques. More efficient method for progammed
integration of heterologous genes to P. putida chromosome is required.

Objectives: A RecET recombineering system for markerless integration of heterologous genes into
the P. putida chromosome was developed.

Methods: Various genetic loci on the P. putida chromosome were knocked out to evaluate the RecT
reombineering system. Cre/lox system and plasmid curing systems completed the markerless
recombineering system. In addition, donor plasmid system was developed for efficient preparation of
donor DNAs and their delivery to P. putida for markerless integration of heterologous genes.

Results: The efficiency and capacity of the recombineering system were first demonstrated by
knocking out various chromosomal loci spanning 0.6 — 101.7 kb. In addition, the RecET
recombineering system allowed successful markerless integration of four different biosynthetic gene
clusters of protein, polyketide, isoprenoid, and amino acid derivative. This markerless
recombineering system for efficient gene knockout and integration will expedite metabolic
engineering of P. putida for heterologous production of valuable natural products. [This work was
supported by Novo Nordisk Foundation grant NNF160C0021746 and Technology Development
Program to Solve Climate Changes on Systems Metabolic Engineering for Biorefineries (NRF-
2012M1A2A2026556 and NRF-2012M1A2A2026557) from the Ministry of Science and ICT through
the National Research Foundation (NRF) of Korea.]
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0219 Genetic Modules to Use Enforced ATP-Wasting as a Tool for Metabolic Engineering
Simon Boecker?!, Ahmed Zahoor?, Steffen Klamt*

IMax Planck Institute for Dynamics of Complex Technical Systems, Analysis and Redesign of Biological
Networks, Magdeburg, Germany

Background: ATP-wasting has been proposed as a tool to improve the productivity and yield of
desired metabolites by cell factories [1]. The concept consists of two steps: First, a knock-out strategy
is established to make the (by)production of a target metabolite mandatory for net ATP synthesis.
This is followed by enforced ATP wasting (e.g. by overexpression of ATPases or futile cycles), thereby
forcing the cells to increase ATP synthesis to keep up with the cellular maintenance demand and
simultaneously leading to higher specific productivity and yield.

Objectives: Providing a proof-of-principle for the use of enforced ATP wasting to improve production
performance of microbial strains for synthesis of ATP-coupled products.

Methods: Inducible expression of the cytosolic Fi-subunit of the E. coli ATPase (catalyzing the
hydrolysis of ATP to ADP and P;) in wild type E. coli and S. cerevisiae strains and analyzing its influence
on the fermentative product formation under anaerobic growth conditions.

Results: Overexpression of the ATPase resulted in approx. 10% increase in titer, yield and specific
productivities of E. coli fermentation products. However, as growth rates decreased, the volumetric
productivity dropped compared to the wild type strain. This issue was addressed by applying a two-
stage-process, where growth and production phases are decoupled [2]. With this approach, the
volumetric productivity could be doubled during the production phase, making this concept
interesting for industrial applications.

[1] Hadicke et al., Biochem Soc Trans 2015, 43, 1140-1145

[2] Klamt et al., Biotechnol J 2018, 13, 1700539
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0220 Wastebot: An Automatic Platform for the Optimisation of Engineered Biological Systems

Lucile Chatellard?, Alastair P. Thurlbeck?, Kohei Motoya?, Soichiro Tsuda®, Geoffrey J.T. Cooper?,
Stephanie Connelly!, Leroy Cronin® William Sloan?

LUniversity of Glasgow, School of Engineering, Division of Infrastructure and Environment, Glasgow,
United Kingdom

2Oregon State University, Energy Systems Group, School of Electrical Engineering and Computer
Science, Corvallis, United States

30saka University, Graduate School of Frontier Biosciences, Suita, Osaka prefecture, Japan
“University of Glasgow, WestCHEM, School of Chemistry, Glasgow, United Kingdom

Background: Optimisation of bioprocesses is highly challenging due to the large number of variables
to be tested. Thus, bioprocess development is time-consuming and cost-intensive. As demonstrated
in pharmaceutical and agri-food fields, automation of microscale bioprocess optimisation can
significantly reduce the time and cost of bioprocess development. Here we propose automated
optimisation can be adapted to environmental bioprocesses.

Objectives: Building on precedent in digital chemistry, we have developed a robotic platform
targeting optimisation engineered biological systems by automated optimisation of the underlying
microbiology.

Methods: Coupling open-source software with 3D-printing of bespoke components and a simple
webcam to monitor bacterial growth, we have developed a low-cost robotics platform for microbial
optimisation in liquid cultures. Performance of the platform was verified against that of a commercial
microplate reader (Tecan 2000) in determination of a Monod curve for E. coli MG1655 using a simple
growth media. Automatic optimisation of culture conditions for the rapid growth of bacteria is
currently in development using simple algorithms.

Results: We demonstrate that using a simple camera to monitor bacterial growth, we observe similar
growth parameters as when using traditional spectrophotometric techniques. Further, we determine
that the robotics platform and software can be used to estimate Monod parameters with similar
accuracy to the plate reader and with minimal user. From this preliminary experiment, we used the
Golden Search algorithm to optimise one culture condition: the pH. Future works will extend our
algorithmic approach to the automated optimisation of multiple culture parameters and to
bioprocesses using mixed microbial communities.
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0221 Engineering Pseudomonas putida for the production of high value aromatics from plant
waste material

James Williamson?, Tim Bugg!

LUniversity of Warwick, Chemistry, Coventry, United Kingdom

Background: Grasses such as wheat and sugar cane produce ferulic acid to synthesise ether ester
linkages between lignin and hemicellulose. Aromatic degrading bacteria, such as Pseudomonas
putida, have pathways that utilise ferulic acid via the beta ketotadipate pathway, and therefore could
be useful organisms for releasing aromatics from agricultural waste.

Objectives: This work seeks ways to valorise waste plant material from British agriculture and
Brazilian biofuel production, such as wheat straw and bagasse, by producing high value aromatic
compounds.

We aim to produce strains of bacteria that are able to firstly release ferulic acid from dried lignin
sources, and then develop pathways to higher value products.

Methods: Initial work has revolved around identifying and disrupting specific aromatic degredation
pathways in P. Putida, so as to produce a strain capable of accumulating ferulic acid when grown on
wheat straw.

The next stages are focusing on developing biosynthetic pathways for the production of coniferyl
alcohol and chalcones.

Work has also been done to produce a ferulic acid biosensor strain of P. putida which can help us
better understand the degredation of ferulic acid, as well as provide a potential ferulic acid inducible
promoter system to provide a feedback system for the biosynthetic pathways.

Results: Currently we have a strain of P. Putida which can accumulate ~80 mg/| of ferulic acid fter
being grown on 2% wheat straw. Pathways are being developed for the production of coniferyl
alcohol and naringenin and integrated into the genome under control of the ferulic acid biosensor.
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0222 Engineering of the citrate exporter protein enables high citric acid production in Aspergillus
niger

Matthias Steiger?, Alice Rassinger?, Diethard Mattanovich?, Michael Sauer!

IMuthgasse 18, Department of Biotechnology, Wien, Austria

Background: The filamentous fungus Aspergillus niger is capable of producing citric acid and is used
for large scale fermentations for more than a century. However, the information on the genetic
identity of the A. niger citrate transport system, particularly the components involved in the export
system over the plasma membrane are missing.

Objectives: The objective of this work is to identify the genes involved in citrate transport system of
A. niger. Identified target genes shall be further characterized and used to engineer the citric acid
secretion capability of A. niger.

Methods: Candidate genes are characterized by a gene deletion strategy screening for strains with
reduced citric acid secretion. An identified target gene was characterized by heterologous expression
in Saccharomyces cerevisiae and by overexpression in A. niger.

Results: A transport gene (cexA) was identified and the encoding protein, CexA, belongs to the major
facilitator superfamily subclass DHA1 including drug-H* antiporter. Disruption of cexA completely
abolishes citric acid secretion showing that this protein is the main citric acid transporter in A. niger.
The gene can be heterologously expressed in S. cerevisiae, which leads to the secretion of citric acid
during the growth on glucose. Overexpression of cexA leads to a significant increase in secreted citric
acid in A. niger. With an inducible expression system strains yield up to 109 g/L citric acid, which is 5
times higher compared to the parental strain. These results demonstrate the importance of the
cellular transport system for an efficient production of metabolites.
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0223 Substantial improvement of toyocamycin production in Streptomyces diastatochromogenes
by cumulative drug-resistance mutations

Xuping Shentu?, Zhenyan Cao?, Yin Xiao?, Gu Tang!, Kozo Ochi?, Xiaoping Yu!

1Zhejiang Provincial Key Laboratory of Biometrology and Inspection & Quarantine, College of Life
Sciences, China Jiliang University, Hangzhou, China
2Department of Life Science, Hiroshima Institute of Technology, Hiroshima, Japan

Background: Toyocamycin is a member of the nucleoside antibiotic family and has been recognized
as a promising fungicide for the control of plant diseases. However, low productivity of toyocamycin
remains an important bottleneck in its industrial production.

Objectives: Dramatic improvements of strains for overproduction of toyocamycin are of great
interest in applied microbiology research.

Methods: Mutations were selected from multiple drug (streptomycin, gentamicin, paromomycin)
resistance plates by ribosome engineering.

Results: In this study, we sequentially selected for mutations for multiple drug resistance to promote
the overproduction of toyocamycin. The triple mutant strain, SD3145 (str str par), was obtained
through sequential screenings. This strain showed an enhanced capacity to produce toyocamycin
(1500 mg/L), 24-fold higher than the wild type in GYM liquid medium. This dramatic overproduction
was attributed at least partially to the acquisition of an rsmG mutation and increased gene
expression of toyA, which encodes a LuxR-family transcriptional regulator for toyocamycin
biosynthesis. The expression of toyF and toyG, probably directly involved in toyocamycin
biosynthesis, was also enhanced, contributing to toyocamycin overproduction. By addition of a small
amount of scandium (ScCls-6H,0), the mutant strain, SD3145, produced more toyocamycin (2664
mg/L) in TPM medium, which was the highest toyocamycin level produced in shake-flask
fermentation by a streptomycete so far. We demonstrated that introduction of combined drug
resistance mutations into S. diastatochromogenes 1628 resulted in an obvious increase in the
toyocamycin production. The triple mutant strain, SD3145, generated in our study could be useful for
improvement of industrial production of toyocamycin.

220



0224 Engineering the expression of chromosomal cytosine deaminase in an E. coli strain with
targeted adhesion to tumor cells for increased specificity of enzyme-prodrug cancer therapies

Elena M. Seco !, Carmen Mafias?, Luis Angel Fernandez?

1Centro Nacional de Biotecnologia (CSIC), Department of Microbial Biotechnology, Madrid, Spain

Background: Cytosine deaminase (CD) converts the non-toxic 5-fluorocytosine (5-FC) to the highly
toxic 5-fluorouracil (5-FU), leading to cell death by misincorporation of 5-FU during RNA and DNA
synthesis. 5-FU is a chemotherapeutic drug widely used in the treatment of different cancers
despites its toxicity toward non-tumor cells.

Objectives: Enhance the specific killing of tumor cells by engineering the inducible expression of the
chromosomal CD in an E. coli strain with targeted adhesion to tumor cells.

Methods: A genetic cassette encoding tetR-PtetA was inserted upstream of the endogenous codA
(CD) in the genome of an E. coli strain that attach specifically to human tumor cells expressing the
epidermal growth factor receptor (EGFR). The CD activity of the modified strain was determined and
the cytotoxicity of 5-FU product was assayed in vitro using bladder and colon tumor cell lines.

Results: High level expression of CD was detected in the presence of the inducer anhydrotetracycline
(aTc). The enzymatic activity of CD in the induced bacterial extracts revealed an efficient conversion
of 5-FC to 5-FU. Colon and bladder tumor cells lines expressing EGFR were sensitive to low
concentrations of 5-FU, which did not affect the growth of the engineered E. coli strain. Conversion
level of 5-FC to 5-FU by the engineered E. coli was sufficient to inhibit growth and cause cell death of
bladder and colon tumor cells. Hence, the engineered bacterial strain has the potential to be used in
CD/5-FC prodrug therapy against different human tumors and will be tested in animal models.
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0225 Saccharomyces cerevisiae and Lactobacillus plantarum cooperation in a synthetic wine
environment

Sandra Christine du Toit!, Debra Rossouw?, Maret du Toit?, Florian F. Bauer®

1Stellenbosch University, Viticulture and Oenology, Stellenbosch, South Africa

Background: Saccharomyces cerevisiae and Lactobacillus plantarum are phylogenetically distant
species, but co-exist in environments such as grape juice, where they are responsible for alcoholic
and malolactic fermentation (AF and MLF) respectively. Understanding how these species interact
with each other and their environment is important to better manage successful completion of AF
and MLF. However, the complexity of the wine matrix makes it difficult to study these interactions in
a natural environment and synthetic ecological systems can therefore be used to overcome these
difficulties.

Objectives: The study was designed to establish a co-dependent, mutualistic relationship between S.
cerevisiae and Lb. plantarum in order to gain insights into the cooperation between species and to
determine the effect of pH and temperature on the relationship.

Methods: The interaction, centred on the reciprocal exchange of amino acids, was established
between S. cerevisiae BY4742Athi4 (lysine auxotroph) and Lb. plantarum IWBT B038 (isoleucine,
alanine, valine, and methionine auxotroph) by omitting different combinations of amino acids from
the chemically defined synthetic grape juice-like media.

Results: An obligatory co-dependency was established between the Lb. plantarum and S. cerevisiae
strains. Lower temperature and lower pH had a negative effect on the growth and malic acid
consumption of Lb. plantarum which could be alleviated in the co-cultures with yeast, suggesting
mutual beneficial impacts of co-cultivation. The study provides insights into the interaction between
these species in a synthetic wine environment and provides a basis for future work to create
optimised yeast-bacteria pairings through directed evolution for potential applications in
winemaking.
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0226 The human microbiome: a disruptive idea that provides insight into human biology
Julian Marchesi?

Imperial College & Cardiff University

Background: The concept of super organism biology has been a powerful driving force in trying to
integrate different microbiome’s into human biology. The whole area of the human microbiome is
also a disruptive idea which is dramatically altering the way in which we consider the way in which
non-communicable diseases are increasing in the human population. Moreover, we are starting to
understand how the human microbiome may also play a role in how we treat these diseases. In this
presentation

Objective: To explore these concepts and how the new field of faecal microbiota transfer (FMT) is
starting to allow us to understand different aspects of how the gut microbiota controls diseases. | will
specifically focus on how we can use the process of FMT to develop new therapeutic avenues
potential future directions that this may take.

Methods: Using poly-omic approaches we have dissected the different aspects of FMT in the context
of Clostridioides difficile associated infections (CDAI).

Results: Poly-omic approaches have identified that 2 components are all that is needed to mimic full
FMT treatment of CDAI and that the presence of viable bacteria is not an essential criteria for
successful treatment. This is an exemplar scenario of how we can use FMT to explore host —microbe
interactions.
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0227 Diet and Microbiota in Health of the elderly
Paul O'Toole?

IUniversity College Cork, APC Microbiome Ireland & School of Microbiology, Cork, Ireland

Background: Distinct microbiota composition groups in older people corresponding to habitual diet.
Correlations in the data between diet, microbiota and health status suggested a causative axis

Objectives: To investigate diet-microbiome interaction in murine models and by prebiotic
supplementation in humans

Methods: We colonized germ-free or conventional mice with high-diversity gut microbiota or low
diversity microbiota from healthy or frail subjects, respectively. Recipient mice retained microbiota
similar to that of the donor when maintained on a synthetic diet modelled that of the donor type.
We supplemented the human diet with 5 prebiotic ingredients, up to 21 g per day for 6 months, or
placebo. 100 subjects were enrolled from three strata; elderly community-dwelling subjects, those in
long-term care facilities, and young healthy controls.

Results: Recipient mice retained microbiota similar to donor on a synthetic diet modelled on donor
type. Swapping diets altered the microbiota in the direction of the new diet. Modest changes in
inflammatory parameters were noted corresponding to diet-microbiota shifts. The human dietary
intervention had no global effect on microbiome diversity or composition. Bifidobacteriaceae were
significantly enriched after wdietary intervention in both Community and Young Healthy while
increased abundance of Ruminococcaceae and reduced Streptococcaceae were noted in Long Stay
subjects.

Although the microbiome of older people is shaped by habitual diet, it is difficult to radically re-
model it based on prebiotic supplementation, perhaps because responsive microbes are no longer
present. Modest changes in the abundance of some species and levels of biomarkers of inflammation
may nevertheless be achieved.
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0228 Understanding the plant microbiome and how to make use of it in crop production

Birgit Mitter?, Franziska Buchholz!, Nikolaus Pfaffenbichlerl, Raheleh Sheibani-Tezerjil, Livio
Antoniellil, Robert Junker?, Thomas Rattei®, Angela Sessitsch®

LAIT Austrian Institute of Technology, Center for Health & Bioresources, Bioresources Unit, Tulln,
Austria

2University of Salzburg, Department of Ecology and Evolution, Salzburg, Austria

3University of Vienna, Department of Microbiology and Ecosystem Science, Division of Computational
Systems Biology, Vienna, Austria

Background: Microbiomes of plants are known for their importance for healthy growth and
development of the host. Similar to modern therapeutic concepts in human and veterinary medicine
modifications of plant microbiomes will be an essential component of tomorrow’s crop production
and protection.

Objectives: In order to target the plant microbiome for improved crop production our research aim is
to develop profound knowledge on plant microbiome functioning and dynamics.

Methods: We apply metagenomics to studying the microbial community composition, build-up and
dynamics in crops and model plants and modern transcriptomics to elucidate the genetic basis of
beneficial plant-microbe interaction and communication. Furthermore, we test the correlation
between microbiome composition and crop performance and quality on the field as well as post-
harvest. To translate our research to application we develop strategies for microbiome selection and
modification such as an approach for changing the microbiome of crop seed embryos and
concomitantly design of traits to be mediated by seed microbiomes.

Results: The plant microbiome consists of members vertically transmitted as well as recruited from
the environment and it comprises a stable and opportunistic component. Plant microbiota respond
to changes in plant physiology and our data show correlation between microbiome composition and
plant traits during growth and post-harvest. Moreover, we demonstrated the feasibility of modifying
the seed microbiome and consequently plant traits. Our data illustrate both the introduction of P.
phytofirmans PsJN into the seeds of multiple plant species and the consequential modifications to
seed microbiome composition and growth traits in wheat.
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0229 Deep Impact: Sponge-associated microbes and bioactivity change with depth

Detmer Sipkema?, Anak Agung Gede Indraningrat?, Karin Steffen?, Leontine Becking?®, Hauke Smidt3,

Ellen Kenchington?, Paco Cardenas?

Wageningen University, Laboratory of Microbiology, Wageningen, Netherlands

2Uppsala University, Department of Medicinal Chemistry, Uppsala, Sweden

3Wageningen University, Marine Animal Ecology, Wageningen, Netherlands

“Bedford Institute of Oceanography, Department of Fisheries and Oceans, Dartmouth, Canada

Background: Marine sponges and their microbial symbionts are leading organisms for discovery of
novel bioactive compounds from nature. Yet, factors involved in shaping the microbial community
and chemical potential of sponges are poorly understood. The large majority of studies on microbial
composition and bioactivity of marine sponges are from shallow water, while the microbiota and
bioactivity of deeper sponges are largely mare incognita.

Objectives: To study the impact of depth on the prokaryotic communties in marine sponges and
concurrent changes in the metabolome and antimicrobial activity of sponge tissues.

Methods: By 16S rRNA gene amplicon sequencing, untargeted metabolomics and agar disc diffusion
assays we assessed prokaryotic and chemical diversity and antimicrobial activity of 5 sponge species
spanning a large depth range.

Results: For all sponge species studied, we find that microbiome and metabolite composition vary
with depth and up to 29 % of the variation in a microbiome and up to 17% of the variation in a
metabolome were attributed to depth. In addition, by investigating known bioactive compounds as
well as newly identified compounds underlying the observed depth pattern, we were able to
generate hypotheses about deep-sea ecology and putative bacterial producers of these compounds.
For the sponge species tested the correlation between antimicrobial activity and depth was less
obvious, but antibacterial activities were generally higher in shallow extracts and, conversely, higher
activity against the oomycete Saprolegnia parasitica was observed for deeper specimens.
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0230 Interplay between antibiotic persistence, tolerance and resistance in the evolution of
bacteria under antibiotic tretaments

Jiafeng Liu?, Irit Levin-Reisman?, Irine Ronin?, Orit Gefen?, Nathalie Questembert-Balaban?, Maskit
Bar-Meir3

IHebrew University, Physics, Jerusalem, Israel
2The Hebrew University of Jerusalem, Physics, Jerusalem, Israel
3Shaare Zedek Medical Center, Jerusalem, Israel

Background: The evolution of antibiotic resistance is a fascinating example of the versatility of
bacterial evolution, as well as a burning health issue. Resistance mechanisms include efflux pumps
that directly lower the intracellular drug concentration, mutations that reduce binding affinity of the
drug to its target, enzymes that degrade the drug, etc. These mechanisms result in a decrease of the
effective concentration of the antibiotic. However, bacteria were shown to be able to cope with
antibiotic treatments that are supposed to kill them also using a different strategy termed
“tolerance”. Tolerant bacteria are not able to reduce the concentration of the antibiotic, but to make
the duration of the treatment less effective. For example, bacteria that remain transiently dormant
during the antibiotic treatment can survive because many different types of antibiotics require active
growth to be able to kill.

Objectives: Our goal was to undersatdn the role played by tolerance and persistence in bacterial
infections

Methods: We have developed a mathematical and experimental framework to characterize and
measure the evolution of tolerance in vitro and in vivo.

Results: By following the evolution of tolerance and resistance closely, we show that tolerance
evolves fast and promotes the subsequent evolution of resistance. Mathematical analysis of the way
tolerance promotes the evolution of resistance reveals unexpected routes by which tolerance acts as
a stepping stone for the subsequent evolution of resistance.
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0231 The Type VI Secretion System of Pseudomonas aeruginosa: A Gun Loaded With
Antimicrobials

Sophie A. Howard?, Tiago Costa?, Alain Filloux*

Ymperial College London, Life Sciences, London, United Kingdom

Background: Pseudomonas aeruginosa is an opportunistic pathogen that causes respiratory
infections in cystic fibrosis patients. P. aeruginosa harbours the Type VI Secretion System (T6SS), a
nanomachine that injects effectors into neighbouring prokaryotes or eukaryotes. The T6SS aids P.
aeruginosa, establishing species dominance through interbacterial warfare. P. aeruginosa has three
T6SSs, H1-3, each driving secretion of specific sets of effectors. A Hcp tube, topped with a spike and
wrapped in a contractile sheath, delivers the effectors in a spear-gun-like manner. Most
characterised effectors for the H1-3 are delivered via the spike. Only three characterised effectors
are associated with Hcp for delivery. Tsel-3 co-purify with Hcpl, the Hcp of the H1-T6SS, and may fit
within the Hcp ring with specificity. Although 25% of gram-negative bacteria possess a T6SS, Hcp-
dependent delivery of effectors remains poorly understood.

Objectives: We aimed to identify a comprehensive set of Hcp-delivered effectors and characterise
molecular interactions.

Methods: Investigation of Tsel-3 interaction with Hcpl is underway to determine the interacting
domains and to analyse the complex by electron microscopy. Using Hcpl-3, systematic screening
pull-downs were performed to identify novel interaction partners. Engineering chimeric Tsel-3 also
explores potential size limitations for inner tube delivery.

Results: We identified several novel effectors in the Hcpl1-3 screen which are being investigated.
These could promote P. aeruginosa virulence by targeting eukaryotic cells or be antibacterial.
Additionally, we co-purified Hcpl with Tse4, characterising the interaction using electron microscopy
approaches along with Tsel-3. Understanding effector delivery could allow manipulation of the T6SS
to deliver specific antimicrobials.
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0232 Live and let die: The interaction of Listeria monocytogenes and Acanthamoeba spp. is
advantageous for both parties

Mingzhen Fan?, Lars Fieseler?, David Drissner®, Martin Loessner’, Markus Schuppler!

1ETH Zurich: Institute of Food, Nutrition and Health IFNH, Department of Health Sciences and
Technology, Ziirich, Switzerland

2ZHAW: Life Sciences and Facility Management, Wédenswil, Switzerland

3Hochschule Albstadt-Sigmaringen, Faculty of Life Sciences, Sigmaringen, Germany

Background: Listeria monocytogenes is a dangerous intracellular pathogen causing listeriosis of
humans. Beyond its intracellular lifestyle the bacteria are ubiquitously found in nature, where they
feature a saprophytic life and share many environmental habitats with predatory protozoa.

Objectives: The aim of this study is the investigation of co-cultures of L. monocytogenes and
acanthamoebae in order to better understand their interaction.

Methods: Co-cultures of acanthamoebae and GFP-expressing L. monocytogenes were investigated by
confocal laser scanning microscopy in combination with a micromanipulator and electron microscopy
techniques in combination with immune gold labeling.

Results: The investigation of the interaction of L. monocytogenes and Acanthamoeba spp. did not
provide evidence for an intracellular persistence or multiplication in acanthamoebae. Instead, the
bacteria accumulate on the surface of the trophozoites by forming large aggregates, which seem to
be kept together by thin filaments. These aggregates are later phagocytosed by the trophozoites.
Despite Listeria representing the prey, the presence of acanthamoebae supports growth of the
bacteria, resulting in higher viable counts. The observation that the increasing population of Listeria
in co-cultures represents non-motile L. monocytogenes indicates that cessation of motility may
represent a survival strategy of Listeria under these conditions. In conclusion, the obtained results
demonstrate that acanthamoebae do not act as environmental reservoirs for intracellular L.
monocytogenes. However, both Listeria monocytogenes and acanthamoebae seem to benefit from
this peculiar type of interaction. In particular cessation of motility and the ability to utilize amoebal
metabolites may aid Listeria to avoid eradication by amoebal predation in low-nutrient
environments.
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0233 Design and development of synthetic macrophages to eradicate pathogenic bacteria

Zvi Hayouka?

1The Hebrew University of Jerusalem, Institute of Biochemistry, Food Science and Nutrition, Rehovot,
Israel

Background: Resistance of bacterial pathogens to antibiotics has become a major threat to public
health with drug-resistant bacteria reported to be responsible for 25,000 deaths annually in Europe
alone. Hence, there is a significant and urgent need for the development of new classes of
approaches to overcome the antibiotic resistance crisis. Macrophages are part of the immune system
that engulf and digests microbes in a process called phagocytosis. But many pathogenic bacterial
cells invade macrophages using several smart and sophisticated strategies.

Objectives: Design and devlopemnt of synthetic macrophages that will absrob and eradicate
bacterial cells via contact mediated antimicrobial activity.

Methods: We have devloped a new approach to synthesize random antimicrobial peptides that
showed strong and broad antimicrobial and antibiofilm activities. Random peptide mixtures contain
peptides with random sequences composed of hydrophobic and cationic amino acids, totally
controlled in chain length and stereochemistry. In my talk | will present our effeorts to use these
novel antimicrobial agents to develop synthetic macrophages to eradicate pahogenic bacterial cells.

Results: The synthetic macrophages exhibited high bactericidal effect against gram negative and
gram positive pathogenic bacteria, without any hemolytic activity of human red blood cells. Using
confocal microscopy, we demonstrated the ability of the synthetic macrophages to adsorb bacteria
and eradicate them. To further investigate the antimicrobial mechanism, we exposed them to E. coli
mutant strains bearing various structures of lipopolysaccharide (LPS) layers in the outer membrane.
Our results may open a new approach to tackle the antibiotic resistance crisis.
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0234 Kill one to turn off many: cracking gene regulatory networks to avoid Burkholderia
cenocepacia antibiotics resistance by means of multi-omics technologies

Elena Perrin®, Marco Fondil, Alessio Mengoni?, Renato Fani!

LUniversity of Florence, Department of Biology, Sesto Fiorentino, Italy

Background: Antibiotics resistance (AR) and the dearth of new antimicrobials represent two of the
major public health problems of this century. One possible strategy to overtake this problem could
be avoid the development of AR and restore the effectiveness of existing antibiotics. However, this
strategy is not of simple application, due to the fact that the AR development is a complex
phenomenon. In this context, the availability of quantitative, predictive models might strongly
facilitate the formulation of strategies to limit the efficacy and evolvability of drug resistance.

Objectives: The aim of this work is to reconstruct and model the regulatory network of Burkholderia
RND systems (one of the main causes of AR in Gram-negative bacteria), using Burkholderia
cenocepacia 12315 as a model system.

Methods: We are combining different wet- lab experiments, gPCR, transcriptomics and genomics
analysis, to obtain all the relevant -omics information for the reconstruction of a model of the
regulatory network(s) of RND operons in Burkholderia cells.

Results: After reconstructing the regulative circuit model, expression data obtained through qPCR
and RNA- seq, will be used to simulate the global changes in genes expression that take place in the
presence of a given stimulus, in order to identify the most important genes involved in stress
response and antibiotics resistance. These genes are the target to be "killed" to avoid the activation
of the mechanisms of resistance.
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0235 Combining micro and nanoscopic imaging methods: a new look at antibiotic activity

Rym Boudjemaa?, Clément Cabriel?, Nicolas Bourg?, Romain Briandet?, Sandrine Lévéque-Fort?,

Karine Steenkeste?, Christian Marliere?, Marie-Pierre Fontaine-Aupart?

1Abbelight, Paris, France
2INSTITUT DES SCIENCES MOLECULAIRES D'ORSAY (ISMO), Orsay, France
3INRA, Jouy-en-Josas, France

Background: Among current clinical antibiotics used to treat bacterial infections, very few enable
long-term successful treatment, in part due to the well-described genetic-based resistance. In
addition, the physiological modifications occurring when bacteria stick to biotic or abiotic surfaces
and further form biofilms are strongly involved in antibiotics failure.

Objectives: The goal of this work was to visualize the activity/inactivity of antibiotics on bacteria,
from a micro to a nanoscopic imaging perspective.

Methods: We focused the study on Staphylococcus aureus under daptomycin exposure, a last-resort
antibiotic. The advanced imaging methods, optimized for live bacteria studies, included (i) three-
dimensional single molecule super-resolution imaging used to ascertain that the antibiotic effectively
reached its biological target, (ii) confocal laser scanning microscopy to probe antibiotic (in)activity,
and (iii) atomic force microscopy to highlight the impact of antibiotic action on the topographical and
mechanical properties of single bacterial cells surface.

Conclusions: Importantly, the combination of these methods was necessary to reveal that
daptomycin could effectively reach its biological target in live S. aureus whatever the bacterial
physiological state. By contrast, the antibiotic oligomerization within the bacterial membrane and
subsequent bacterial surface damage were dependent on bacterial cells physiology.
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0236 Transfer dynamics of the antibiotic resistance plasmid pOXA-48 in a hospital
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Musicha?, Jerénimo Rodriguez-Beltran!, Marta Hernandez Garcia?, Nieves Lopez Fresnefial, Patricia
Ruiz-Garbajosa?, Rafael Canton Moreno?, Ben Cooper?, Alvaro San Millan?

IRamon y Cajal Institute for Health Research (IRYCIS), Microbiology, Madrid, Spain
2Mahidol Oxford Tropical Medicine Research Unit, Mathematical and Economic Modelling
(MAEMOD), Bangkok, Thailand

Background: Plasmids drive the horizontal transfer (HT) of resistance genes between pathogenic
bacteria by conjugation, playing a pivotal role in the evolution of antibiotic resistance. During the last
decade carbapenem-degrading enzymes (carbapenemases) have emerged as a main concern for the
treatment of clinically relevant bacteria, and pOXA48 is one of the most prevalent carbapenemase-
carrying plasmids in Enterobacteriaceae.

Objectives: Our objective was to characterize the inter- and intra-patient transmission routes of
pOXA-48 in a main University Hospital.

Methods: We analysed an enterobacteria strain collection isolated from 15,556 faecal samples from
11,285 hospitalized patients in four wards of our hospital from 2014 to 2016. We used Illumina-
HiSeq4000 to perform whole genome sequencing of the 171 pOXA-48-carrying enterobacteria
isolated during this period from 135 patients. We combined epidemiological data, genome
sequences and Bayesian hierarchical models to estimate the daily probability of acquiring the pOXA-
48 plasmid and to identify the plasmid transmission routes (using Bitrugs, SCOTTI and outbreaker2).

Results: We demonstrated that inter-patient transmission of pOXA-48 is mediated mainly by K.
pneumoniae (Kpn). In addition, our results suggest that after colonization, pOXA-48-carrying Kpn
transfer pOXA-48 towards other enterobacteria present in the gut of the patients. We identified
specific Kpn clones (ST11) as responsible for most of the inter-patient transmission events, producing
discrete outbreaks inside the hospital. Furthermore, we found superspreader patients acting as
dissemination nodes for Kpn/pOXA-48. In conclusion, we used a novel approach to characterize the
inter- and intra-patient transmission routes of an epidemiologically relevant antibiotic resistance
plasmid in a real clinical scenario.
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0237 Novel food grade microbial cell factories for aroma production
Eddy J. Smid?, Judith C. M. Wolkers-Rooijackers?, Tjakko Abeel, Oscar van Mastrigt!

1Wageningen University, Laboratory of Food Microbiology, Netherlands

Background: The knowledge of microbial physiology and metabolism is mostly derived from studies
of fast growing cultures of microbes. In nature, most microbes are continuously exposed to energy
limitation. Consequently, they have evolved strategies to combat unfavourable conditions. Due to
the use of nutrient rich media and focus on exponential growth in microbiological research, we still
have a limited understanding of the metabolism of microbes coping with severe nutrient limitation.
This unknown territory of microbial behaviour potentially offers possibilities for developing new
biotechnological applications of common microbial workhorses.

Objectives: The aim of this study was to explore the properties of cell cultures under severe nutrient
limitation and exploit these properties for developing new biotechnological processes. Here, we
focus on the production of dairy related aroma compounds by Lactococcus lactis growing at near
zero-growth rates.

Methods: The metabolic behaviour of L. lactis was studied at extremely low growth rates imposed by
prolonged retentostat cultivation. Maintenance energy requirement, metabolite production, stress
resistance, viability, plasmid content and morphology of the retentostat cultivated cells were
investigated and compared to relevant control cultures.

Results: We demonstrated the formation of viable but not culturable L. lactis cells in response to
near-zero growth rates. Moreover, the maintenance requirement was found to decrease 7-fold at
growth rates below 0.0025 h™. Finally, we discovered that the production of volatile aroma
compounds of retentostat cultures of L. lactis resembled the aroma profiles of ripened cheese,
demonstrating new options for biotechnological production of complex aroma blocks.
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0238 Phage-host interactions in dairy fermentations: science-based selection of starter cultures

Douwe van Sinderen*

IUniversity College Cork, School of Microbiology, Cork, Ireland

Background: Dairy fermentations require specific lactic acid bacterial starter cultures to acidify milk
and endow its final products with particular organoleptic properties. Such starter cultures are
therefore crucial to ensure rapid milk acidification, as well as associated product quality and
consistency. Phage predation is a common and persistent problem in such dairy fermentations.

Objectives: A thorough understanding of phages that infect the main lactic acid bacterial species
used, Lactococcus lactis and Streptococcus thermophilus, is essential in order to appreciate the
manner by which they recognize and infect their hosts, and to come up with rational approaches to
mitigate dairy phage infections.

Methods and Results: This talk will provide an up-to-date view of dairy phages, their host recognition
mechanism, and the saccharidic molecules they target on the lactic acid bacterial surface. The
generated knowledge has allowed the classification of hosts into distinct groups based on their
surface glycans, which in turn predict their sensitivity to various phages.
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0239 Bridging food and gut health: prevalence and functional traits of lactic acid bacteria and
probiotics in the gut microbiome

Edoardo Pasollil, Francesca De Filippis?, Paolo Manghi?, Nicola Segata?, Danilo Ercolinit

LUniversity of Naples Federico Il, Agricultural Sciences, Portici, Italy
2University of Trento, Italy

Background: Functional foods (FF) are enhanced to furnish health benefits when consumed regularly.
Several FF are enriched in probiotic microorganisms. Fermented foods are recognized as potentially
functional because they can deliver live lactic acid bacteria (LAB) that may have probiotic properties
and positively affect human gut health. LAB are widespread in fermented foods, they arise from raw
materials, environment of production and from addition of starter or probiotic cultures.

It is still unknown how much of the LAB and probiotics we ingest with food becomes actually part of
the gut microbiome and contribute to gut homeostasis.

Objectives: To provide a large-scale investigation on the prevalence and functional properties of LAB
and probiotics in the gut microbiome of populations spanning ages, countries, and lifestyles.

Methods: We leveraged ~8500 metagenomes from public available repositories to search for
probiotic and food-associated LAB species in the human gut microbiome. This was done using a
compendium of tools based on taxonomic profiling, strain-level analysis, and single-sample
metagenomic assembly.

Results: We identified >20 probiotic and food-associated LAB species with a prevalence > 0.5% in the
human gut of the general population. Streptococcus thermophilus (32% of prevalence) and species of
the genus Lactobacillus, which are widespread in fermented foods, have higher prevalence and
relative abundance in westernized compared to non-westernized populations. By contrast,
heterofermentative Leuconostoc and Weissella species were more typical - although at low
abundances - of non-western populations. Functional traits were investigated by comparative
genome-wide analysis of >500 genomes newly reconstructed from the gut microbiome.
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0240 Beerome: predicting sensory responses to beer with machine learning methods
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Background: After thousands of years of beer brewing, we now have a significant grasp on the
science of brewing and the chemical composition of beers. Despite all this information, we are still
unable to accurately connect a beer’s chemical profile to its sensory perception and overall
appreciation by consumers. Indeed, while sensorial properties of single beer constituents are often
known, complex interactions between them (masking, temporal, synergistic effects, and physical
interactions) make accurate predictions of overall beer perception nearly impossible.

Objectives: In this project, we used machine learning to develop a collection of models that
accurately predict sensory responses to beer chemical compositions.

Methods: We have characterized the chemical profiles of 250 commercial Belgian beers, including
the alcohol content, color, pH, caloric value, and concentrations of compounds from yeast, hops,
malt, spices, bacteria. The beers’ sensory qualities were assessed by fifteen trained panelists in blind
tasting sessions. Ratings and review texts from more than 6,000 users were further collected from
Ratebeer, a publicly accessible beer rating website. State-of-the-art algorithms were then employed
to predict beer flavors, aromas, and overall appreciation from chemical parameters for both the
expert panel and public populations.

Results: We are able to predict the sensorial properties of beer at a higher accuracy than previously
achieved. Our models yield insights into the chemical parameters that dominate our sensory
experiences, highlighting the important roles that microbes play in producing them.
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0241 Genome sequencing and food safety
Leen Baert!

INestlé Research

Background: Whole genome sequencing (WGS) is becoming the gold standard subtyping technique
in foodborne outbreak investigations and surveillance. WGS allows the detection of smaller
foodborne outbreaks by its ability to link clinical cases with high resolution that would not have been
possible with previous subtyping methods such as Pulsed Field Gel Electrophoresis (PFGE). Besides
the benefits, the introduction of WGS in food safety and public health brings along numerous new
challenges. One of the challenges is the sharing of sequence data that is hampered by several aspects
such as political barriers, legislation and data protection. Additionally, a common language on the
utility of WGS between all stakeholders within the farm to fork chain is crucial to understand better
transmission pathways with an aim to take appropriate actions. In many instances, the cost of WGS is
underestimated by promising the multi-purpose analysis (e.g. virulence, antimicrobial resistance
characterization at the same time). However, for many stakeholders this additional characterization
is not necessarily required in every case. Since WGS analysis requires not only microbiology
knowledge but also genomics and bioinformatics expertise, data interpretation is not straightforward
and should be carefully done in combination with strong metadata/epidemiological information.
Instead of sequencing an isolate, sequencing samples directly without culturing, i.e. metagenomics is
gaining interest especially for clinical diagnostics. The absence of live cultures will bring new
challenges on data interpretation.

Objectives: The aim of the workshop is to address the benefits and challenges of WGS and
metagenomics analysis for food safety.
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2FFoQSI GmbH, Austria

Background: The food industry faces major and continuing challenges in trying to lower the extent of
contamination by pathogenic or spoilage bacteria during primary processing. While pork accounts for
half of the annual meat production in the European Union and is one of the main causative agents of
food-borne disease outbreaks, little is known about the actual microbial diversity within pork
processing plants.

Objectives: Our approach was to explore and investigate the possible sites of microbial transmission
in a slaughterhouse and meat cutting plant to effectively reduce the risk of cross-contamination.
Specifically, we investigated what proportion of bacteria on meat are not animal-associated and are
therefore transmitted during cutting via personnel, equipment, machines, or the slaughter
environment.

Methods: Samples were taken from 12 pigs at different stages during processing as well as from
multiple sites throughout the facility environment (258 samples total). Using a hybrid 16S rRNA gene
sequencing approach (combining lllumina Miseq and Pacbio Sequel), we aimed to classify the
detected taxa up to the species level, while gaining information about the full diversity of
microorganisms.

Results: We were able to identify key sources of bacterial contamination and create a facility-specific
transmission map of bacterial flow. For example, the Moraxella spp. were transmitted primarily from
the polishing tunnel water, whereas Pseudomonas spp. and Brochothrix spp. were transmitted from
the conveyor belt. Overall, we expand our knowledge about the transmission routes for microbial
contamination in meat processing, while highlighting possibilities to improve hygiene standards in
the food industry.
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0243 Isolation and genetic/phenotypic characterisation of Listeria monocytogenes biofilm
specialists

Natalia Crespo?, Eva Dax?, Heidy den Besten ?, Tjakko Abee?

Wageningen University & Research, Food Microbiology, Wageningen, Netherlands

Background: Listeria monocytogenes is a foodborne pathogen capable of forming biofilms on the
surface of food-processing equipment.

Objectives: the aim of this study was to identify genetic and/or phenotypic traits that may play a role
in biofilm formation.

Methods: a bead-based experimental evolution system was developed. Cells were incubated with a
sterile bead for two days, washed and transferred to fresh media containing an oppositely-coloured
bead. Both beads were incubated together, ensuring a cycle of dispersal, colonisation and biofilm
formation that allowed for the selection of good biofilm formers. After six weeks the beads were
sampled and the biofilm formation ability of the obtained isolates was tested via crystal violet
staining. Selected isolates were sent for genome sequencing, and a SNP analysis was performed
between the ancestral (AN) and the evolved isolates (EV). Further characterisation of the isolates is
ongoing.

Results: the EV isolates produced five times more biofilm than the AN, reaching its peak after 6 hours
of incubation, which suggests an increased attachment ability. The SNP analysis of one of the EV
isolates showed a deletion in virB that leads to an earlier stop codon. VirB is part of a two-component
and ABC transporter system that has been previously linked to biofilm formation in L.
monocytogenes, although the mechanism by which this happens is still unknown. We hypothesise
that it might be linked to differences in the expression of certain genes controlled by the virR
regulon, such as those involved in cell surface modifications and teichoic acid production.
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0244 Whole-genome-based phylogeny of Bacillus cytotoxicus reveals different clades within the
species and provides clues on ecology and evolution

Marc Stevens?, Taurai Tasara?, Jochen Klumpp?, Monika Ehling-Schulz®, Sophia Johler!

LUniversity of Zurich, Institute for Food Safety and Hygiene
2Institute for Food, Nutrition and Health, ETH Zurich
3University of Veterinary Medicine Vienna

Background: Bacillus cytotoxicus is a member of the Bacillus cereus group linked to fatal cases of
diarrheal disease. Information on B. cytotoxicus is very limited; in particular comprehensive genomic
data is lacking.

Objectives: We aimed to apply a genomic approach to characterize B. cytotoxicus and decipher its
population structure.

Methods: Complete genomes of ten B. cytotoxicus were sequenced and compared to the four
publicly available full B. cytotoxicus genomes and genomes of other B. cereus group members.

Results: Average nucleotide identity, core genome, and pan genome clustering resulted in clear
distinction of B. cytotoxicus strains from other strains of the B. cereus group. Genomic content
analyses showed that a hydroxyphenylalanine operon is present in B. cytotoxicus, but absent in all
other members of the B. cereus group. It enables degradation of aromatic compounds to succinate
and pyruvate and was likely acquired from another Bacillus species. It allows for utilization of
tyrosine and might have given a B. cytotoxicus ancestor an evolutionary advantage resulting in
species differentiation. Plasmid content showed that B. cytotoxicus is flexible in exchanging genes,
allowing for quick adaptation to the environment. Genome-based phylogenetic analyses divided the
B. cytotoxicus strains into four clades that also differed in virulence gene content.
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Jaime Aguilera’, Magdalena Andryszkiewicz!, Giovanni Bernasconi?, Christine Horn?, Natalia
Kovalkovicova?, Yi Liu!, Joaquim Maia?, Sandra Rainieri !, Claudia Roncancio-Pefial, Ana Gomes!

1European Food Safety Authority, FIP Unit

Background: More than 300 food enzymes are marketed in the EU, the vast majority obtained from
microorganisms. For regulatory reasons, all must undergo a risk assessment by the European Food
Safety Authority (EFSA).

Objectives: The characterisation of the production strain is paramount for this assessment. It
involves its taxonomical identification, evaluation of its pathogenic and/or toxigenic potential, its
antimicrobial resistance (AMR), and any genetic modification.

Methods: EFSA proposes Whole Genome Sequence (WGS) analysis as the preferred methodology for
the characterisation. There are standards for its use in bacterial identification and platforms also
exist for fungi. Relevant databases are available to search for sequences involved in virulence and
AMR. Genetic modifications can be reliably characterised by comparison between the genomes of
the modified and parent strains. The value of this approach has been recently discussed.

Results: The result of this characterisation greatly influences the assessment of the enzyme.
Depending on the pathogenic and/or AMR profile of the strain, it may be necessary to test whether
viable cells remain in the product. If the strain carries acquired AMR genes, the presence of gene-size
fragments of DNA in the food enzyme should be studied (mandatory for genetically modified strains).
The characterisation of the strain also determines whether toxicological studies of other enzyme
obtained from a relative strain can be used to support safety, and even whether toxicological studies
are at all needed. For example, strains qualifying for the so-called Qualified Presumption of Safety
(QPS) are considered safe without the need of further testing.
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0246 A polyphasic methodological approach reveals low clostridial abundance despite apparent
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Background: Clostridia cause severe sensory and textural defects in hard and semi-hard cheese. Due
to excessive gas production during ripening, cheese spoilage caused by clostridia is called ”late-
blowing”. Although this spoilage phenomenon is a long-standing problem of economic importance
for dairy processors, limited data on clostridia in cheese exists that would allow some tailored
intervention.

Objectives: The aim of this study was to identify and quantify clostridia in late-blown cheese to
improve our understanding of clostridia involved in cheese spoilage.

Methods: Fifty-one cheeses, which showed symptoms of late-blowing, were analysed using the
following culture-dependent methods: MPN (Most probable number) using Bryant and Burkey broth,
selective enrichment, pre-screening for clostridia using cluster-specific PCR and species identification
using 16S rDNA sequencing. Additionally, each cheese was analysed using the following culture-
independent methods: species-specific real-time PCR, PCR-DGGE (polymerase chain reaction —
denaturing gradient gel electrophoresis) and lllumina 16S rDNA sequencing.

Results: Using the MPN method, high clostridial spore levels were detected in only 14 % of the
cheeses. However, clostridial isolates were obtained from 73% of the samples. In contrast to other
studies, an extremely low diversity of Clostridium species was observed as the most frequently
isolated species C. tyrobutyricum represented 96% of the total clostridial isolates. Real-Time PCR and
PCR-DGGE were the most sensitive methods yielding positive results for C. tyrobutyricum in the
majority of cheese samples. Interestingly, lllumina 16S rDNA sequencing revealed relative
abundances of clostridia below the detection limit despite apparent cheese spoilage.
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Background: Culture-independent functional metagenomics allows studying complex microbial
ecosystems. Food-related microorganisms can act as reservoirs of antimicrobial resistance genes
(ARGs), which can also be transferred horizontally to food-borne pathogens.

Objectives: To identify ARGs present in the microbiota of raw milk, dairy products and their
processing environments using functional metagenomics.

Methods: A metagenomic library was constructed with ~22,000 recombinant E. coli clones containing
microbial DNA from the above mentioned reservoirs. The library was replicated on Luria Bertani agar
plates supplemented with ampicillin, gentamycin, ciprofloxacin, tetracycline, cefotaxime and colistin.
Fosmid DNA from resistant clones was subjected to restriction analyses and then sequenced to
identify ARGs responsible for the phenotypes observed. Besides, all inserts were sequenced through
high throughput sequencing (HTS) and taxonomic and functional predictions were made.

Results: The rate of resistant clones was 0.02% for raw milk, 0.28% for raw milk cheeses and 0.04%
for processing environments, including the following: ciprofloxacin (1), gentamicin (1), tetracycline
(2), cefotaxime (3) and ampicillin (25). HTS analyses evidenced differences in taxonomic composition
and ARGs presence between the different reservoirs. Actinobacteria and Firmicutes were the most
abundant phyla, followed by Proteobacteria and Euryarchaeota. The most abundant ARGs were
multiple-resistance genes, but ARGs to aminoglycosides, beta-lactams, bacitracin, sulfonamides and
trimethoprim were also found. Most of the ARGs were assigned to Ralstonia solanacearum and other
unclassified species. Campylobacter spp. and Clostridium spp. were also important reservoirs. In raw
milk and raw milk cheeses, the presence of trimethoprim ARGs associated mainly with Salmonella
enterica and E. coli was notable.
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0248 Clinical microbiology laboratory evolution: to centralize or not to centralize, that is the
question!

Maurizio Sanguinetti®

1Fondazione Policlinico Universitario “A. Gemelli”, Department of Laboratory Medicine and Infectious
Diseases, Rome, Italy

Infectious disease management essentially consists in identifying the microbial cause(s) of an
infection, initiating if necessary antimicrobial therapy against microbes and controlling host reactions
to infection. In clinical microbiology, the turnaround time of the diagnostic cycle (>24 hours) often
leads to unnecessary suffering and deaths; approaches to relieve this burden include rapid diagnostic
procedures and more efficient transmission or interpretation of molecular microbiology results.
Although rapid nucleic acid-based diagnostic testing has demonstrated that it can affect the
transmission of hospital-acquired infections, we believe that such life-saving procedures should be
performed closer to the patient, in dedicated 24/7 laboratories of healthcare institutions, or ideally
at point of care. While personalized medicine generally aims at interrogating the genomic
information of a patient, drug metabolism polymorphisms, for example, to guide drug choice and
dosage, personalized medicine concepts are applicable in infectious diseases for the (rapid)
identification of a disease-causing microbe and determination of its antimicrobial resistance profile,
to guide an appropriate antimicrobial treatment for the proper management of the patient. The
implementation of rapid diagnostic tests for infectious diseases will require acceptance by medical
authorities, new technological and communication platforms, as well as reimbursement practices
such that time- and life-saving procedures become available to the largest number of patients.
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Katja Seme?
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Background: Automated immunoassays have been in clinical microbiology laboratories for decades
and current analyzers process samples in batches or by random access and can run broad range of
serological assays for several pathogens. Similarly, in molecular diagnostics several platforms fully
automate nucleic acid extraction, amplification, and detection in closed single-use devices and
enable detection of single or several pathogens/targets/resistance markers in single specimen with
short turn-around-time. In contrast, automation was not considered applicable in bacteriology for
several reasons.

Objectives: Recently, growing shortages of trained personnel, a growing demand for improved
quality, and two very important technological innovations: the introduction of liquid-based swab
transport devices and the emergence of MALDI-TOF technology have triggered the development of
automated solutions designed for bacteriology.

Methods: The automation solutions can be currently divided into automated specimen processors
and systems that offer partial or total laboratory automation. Both partial and complete lab
automation are composed of specimen processors and incubators with digital imaging that are
connected by a conveyor system, but only one system provides integrated workbenches with a two-
way track system for plate delivery.

Results: Automated processing instruments produce more isolated colonies, exhibit enhanced
reproducibility and provide decreased hands-on plating time than manual plating. The higher yield of
isolated colonies obtained by automated systems compared to manual inoculation can greatly
decrease the requirement for subculturing and result in a significant decrease in time to result,
laboratory workload and laboratory costs.
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Frederic Laurent!
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Background: The accurate detection of antimicrobial resistances is pivotal in clinical microbiology,
but in the context of “one health” health approach this detection is now used in veterinary and
environmental bacteriology. The multiplicity of resistance mechanisms and their combination in one
single strains as well as the low expression of some mechanisms contribute to the difficulty of the
rapid and precise determination of the resistance profiles and identification of the mechanism(s)
involved.

Objectives: To describe the new concepts of phenotypic and molecular detection of antimicrobial
resistance.

Methods: The presentation will present an overview of the most recent approaches developed and
used in bacteriology laboratory to determine the mechanisms of resistance in Gram positive and
Gram negative bacteria.

Results: The techniques using new molecular approaches including multitarget panel technology will
be explained based on selective examples.

The new phenotypic approaches based on hydrolytic activity of bacteria on antibiotics, the metabolic
activity of bacteria in presence/absence of antibiotics or direct detection of proteins involved in
resistance mechanisms using maldi-tof, pH changes or immunochromatography will be explored.
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Background: Current molecular diagnostics of human pathogens provide limited information that is
often not sufficient for outbreak and transmission investigation.

Objectives: In this presentation an overview of the use of next generation sequencing in clinical
microbiology and infection prevention will be given.

Methods: Next generation sequencing (NGS) determines the DNA sequence of a complete bacterial
genome in a single sequence run, and from these data, information on resistance and virulence, as
well as information for typing is obtained, useful for outbreak investigation.

Results: The obtained genome data can be further used for the development of an outbreak-specific
screening test. Like every new technology adopted in microbiology, the integration of NGS into
clinical and routine workflows must be carefully managed. As the microbiology laboratories have to
adhere to various national and international regulations and criteria for their accreditation, quality
control issues for using WGS in microbiology, including the importance of proficiency testing, are
presented. In addition, applications of NGS in the clinical setting are discussed, such as outbreak
management, molecular case finding, characterization and surveillance of pathogens, rapid
identification of bacteria using the 16S-23S rRNA region, taxonomy, and metagenomics approaches
on clinical samples. Finally, we share our vision on the use of NGS in personalised microbiology in the
near future, pointing out specific requirements.
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Background: Enteropathogenic Escherichia coli (EPEC) and Enterohemorrhagic Escherichia coli (EHEC)
are enteric pathogens which utilize a Type Il Secretion System (T3SS) for host colonization. Aurodox,
a specialised metabolite from the soil bacterium Streptomyces goldiniensis, has been shown to
inhibit the EPEC Type Ill Secretion System (T3SS), and hence the compound has been nominated as a
potential anti-virulence drug for these infections, for which treatment with traditional antibiotics is
not recommended.

Objectives: We aimed to characterize the effects of Aurodox on carriers of a homologous Type IlI
Secretion System encoded for by the Locus of Enterocyte Effacement (LEE) pathogenicity island,
including Citrobacter rodentium and Enterohemorrhagic Escherichia coli (EHEC), which has high
prevalence in Scotland. To further assess the utility of this compound as an anti-virulence drug, we
aimed to gain further understanding of the effect of Aurodox on the ability of EHEC to colonize
epithelial cells. In addition, we aimed to characterize the molecular mechanism of T3SS inhibition by
Aurodox.

Methods: Cell infection assays were used to determine the effect of Aurodox on colonisation
efficiency. Whole transcriptome analysis and GFP-reporter assays were used to determine the effect
of Aurodox on T3S and bacterial SOS response expression in EHEC.

Results: Our results support a model where Aurodox transcriptionally downregulates the expression
of the Locus of Enterocyte Effacement (LEE) pathogenicity island- which encodes for the T3SS, acting
via its master regulator, Ler. Thus, reducing EHEC colonisation efficiency by >5000 fold.
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Small non-coding RNAs are known to play important regulatory roles in both eukaryotic and
prokaryotic cells. Bacteriophages are not an exception, and various small RNAs have been discovered
to control phage development. The best examples are bacteriophage lambda and related phages,
called lambdoid phages, and RNA molecules regulating various processes. Until recently, only two
small regulatory RNAs encoded by lambdoid bacteriophages were known. These transcripts are
derived from paQ and pO promoters. The former one is supposed to act as an antisense RNA for
expression of the Q gene, encoding a transcription antitermination protein. The latter transcript,
called oop RNA, derives from the pO promoter which has been demonstrated to be important for
both regulation of phage development and control of DNA replication. Namely, the pO-derived
transcript is an antisense RNA for expression of the cll gene, and pO is a part of a dual promoter
system responsible for regulation of initiation of DNA synthesis from the ori region. Recent studies
identified that microRNA molecules can have biological functions not only in eukaryotes but also in
prokaryotic cells. The first functional prokaryotic microRNA was found to be encoded by lambdoid
bacteriophage, and to play a role in the regulation of phage development through modulating gene
expression.
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| will present data on phages ¢EV1 (a dwarf myovirus), oR1-37 (a giant myovirus) and YerA41 (a
myovirus), infecting Yersinia pestis, Y. enterocolitica and Y. ruckeri, respectively. EV1 was isolated in
1999 from sewage sample in Turku, Finland, using the Y. pestis vaccine strain EV-76 as a host.
Genome sequencing revealed novel features in its physical ends. $R1-37 was isolated in 1988, also
from the Turku Cty sewage, and it has all thymidines in its DNA replaced by deoxyuridine (dU). It has
a rather broad host range among Yersinia species, and uses in various hosts completely different
lipopolysaccharide structures as receptors. YerA41, isolated in 1984 from city sewage in Guelph,
Ontario, Canada (Stevenson, AEM, 1984), was sent to us by Hans-Wolfgang Ackermann. Several
attempts to determine its DNA-sequence using traditional and next generation sequencing
technologies failed indicating that the phage genome nucleotides carry a novel modification
rendering the phage DNA unsuitable as a template to ordinary DNA-polymerases. Also, all the used
restriction enzymes failed to digest the DNA. To get hold of the nucleotide sequence of YerA41 we
isolated total RNA from phage-infected Y. ruckeri cells at different time points post-infection (0 — 90
min) and carried out RNA-sequencing. This resulted in 9 phage-specific contigs of a total of 145 kb.
Annotation revealed 196 potential genes with only 33 having homologs in the databases. Studies to
elucidate the nucleotide modifications are under way.
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The real value of anti-bacterial phage therapy assessed according to the standards of evidence-based
medicine awaits confirmation by clinical trials. However, recent findings strongly suggest that phages
are not only mere “bacteria eaters” but have much broader potential for use in medicine.
Accumulating data indicate that phages may also interact with eukaryotic cells including cells of
immune system causing anti-inflammatory and immunomodulating action. The fact that phages
may combine their anti-bacterial action with anti-inflammatory and immunoregulatory effects
suggests that their potential therapeutic applications may acquire new dimensions well beyond mere
elimination of bacteria. This new concept of phage therapy could offer new perspectives for treating
so far poorly controlled disorders in which there exists no targeted therapy or the currently available
therapies have significant side effects. Sepsis constitutes an excellent example of the potential of
phage therapy in this clinical setting where phages can eliminate offending bacteria and endotoxin
and downregulate inflammation (sepsis is believed to be a complex disorder where an uncontrolled
inflammatory response to bacterial infection constitutes a hallmark of that pathology). Moreover,
data have been accumulating suggesting that phage therapy could also target non-bacterial
infections as well as allergy, autoimmune disorders, allograft rejection and graft-versus-host disease.
Thus, the potential for broader non-bacterial application of PT is evident and it is certainly worthy of
further studies.
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Background: Bacterial chromosome features numerous prophages, many of which encode virulence-
related genes, providing some advantage for their bacterial host. In contrast, other prophages do not
encode any known beneficial gene, are unable to generate virions (cryptic phages) or have lost part
of their genome, (remnants or ancient prophages). The issue of why these remnant sequences
prevail in the bacterial chromosome is intriguing. If the information these fragments contain is
incomplete, and bacterial cells tend to eliminate any information not directly beneficial for their
adaptation, why do they accumulate so many prophages?

Objectives: Using Escherichia coli as a model and focusing on antibiotic resistance genes (ARG), we
attempt to demonstrate that E. coli generate phage particles containing ARG as a part of a
mechanism that bacteria use to spread its own DNA.

Methods: Prophages were induced from E. coli isolates possessing ARGs with mitomycin C. Phage
particles in the cultures were carefully purified to avoid bacterial contamination by filtration,
chloroform, DNase treatment and CsCl density gradients. ARGs were investigated in the particles that
were confirmed as phages by proteomics and microscopy. Finally, infectivity of the phage particles
and ARG transduction were assayed.

Results: Phage capsids packaging ARGs were generated from E. coli, however these ARGs were not
located in a prophage genome. These particles contained bacterial DNA instead of phage DNA and
did not generate plaques of lysis. Our investigation supports the hypothesis that prophages in
bacterial chromosomes are used by bacteria as a mechanism to disseminate their own genetic
content.
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Background: Bordetella pertussis is the causative agent of whooping cough. A whole-cell vaccine was
introduced in the fifties of the previous century but it was too reactogenic. Therefore, it was replaced
by a subunit vaccine, which is, however, insufficiently effective.

Objectives: Our goal is to develop a new, effective, whole-cell B. pertussis vaccine. To this end,
reactogenicity, which is caused by the lipid A moiety of the lipopolysaccharides, should be reduced.

Methods: The reactogenicity of lipid A is determined by the number and the length of the acyl chains
and the number of phosphate groups. The length of the acyl chains is species specific and is generally
determined by molecular rulers in the acyltransferases that attach these chains to the lipid A
precursors during biosynthesis. We genetically expressed the acyltransferases LpxA, LpxD, and LpxL
from other bacterial species in B. pertussis. Changes in lipid A structure were determined by mass
spectrometry, and reactogenicity was determined in vitro using HEK-Blue reporter cells expressing
human TLR4.

Results: Heterologous expression of acyltransferases in B. pertussis resulted in new lipid A species
with altered acyl-chain length. Shorter acyl chains at all positions resulted in reduced reactogenicity
in TLR4 stimulation assays, whereas longer acyl chains enhanced reactogenicity. We also found that
the unusual asymmetry of B. pertussis lipid A with respect to the acyl-chain length at the 3 and 3’
positions is determined by substrate specificity of LpxH. In conclusion, lipid A engineering can be
used to generate new, safe, whole-cell pertussis vaccines.
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Background: Chemotaxis allows bacteria to access nutrients as well as to colonize hosts and specific
environmental niches. Pseudomonas aeruginosa PAO1 has 26 chemoreceptors of which most are of
unknown function. In this pathogen, chemotaxis was shown to be necessary for optimal virulence.

Objectives: We aimed at identifying ligands that bind to P. aeruginosa chemoreceptors and to
determine the funcion of these chemoreceptors.

Methods: High-throughput ligand screening, isothermal titration calorimetry, quantitative capillary
chemotaxis assays, X-ray crystallography.

Results: PAO1 was found to show strong chemotactic responses to histamine over a concentration
range of 500 nM to 50 mM. This response is due to the concerted action of the chemoreceptors PctA,
PctC and TIpQ. TlpQ mediates chemotaxis to low histamine concentrations and its ligand binding
domain (LBD) bound histamine with an unusually high affinity (Kp= 639 nM). The X-ray structure of
TIpQ-LBD in complex with histamine reveals that bacterial histamine receptors are entirely different
to their human counterparts. PctA and PctC respond to high histamine concentrations and are likely
to be stimulated by the binding of histamine-loaded binding proteins. Histamine chemotaxis may
result in an increase in virulence of P. aeruginosa since this pathogen was shown to greatly increase
neutrophil histamine content and secretion in mouse models. Therefore, chemotaxis to this host-
derived signal will result in an accumulation of bacterial cells at the infection site and this increase in
cell density will likely alter the expression of quorum-sensing controlled genes, including those
responsible for the production of virulence determinants.
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Ligand binding domain of the
P. aeruginosa chemoreceptor TIpQ
in complex with histamine
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Background: Many bacterial adaptations to changing environments are regulated by a signal
transduction mechanism known as cell-surface signaling (CSS). In this regulatory cascade an
environmental signal activates an outer membrane receptor and is further transmitted to an anti-
sigma factor in the inner cell membrane. Signal transmission results in anti-sigma factor proteolysis
and release of a sequestered extracytoplasmic function (ECF) sigma factor in the cytosol and thus
gene transcription.

Objectives: We aimed at unravelling the molecular mechanisms behind signal transmission of the
Pseudomonas aeruginosa ferrioxamine-induced Fox system. Specifically we focussed on the
periplasmic interactions between the receptor FoxA and its corresponding anti-sigma factor FoxR and
on how this interaction modulates the cognate ECF sigma factor (FoxI) activity.

Methods: We studied FoxA-FoxR interactions using isothermal titration calorimetry, bacterial two
hybrid assays and in-vivo cross linking. Protein processing and stability was detected by western blot
using specific antibodies. The physiological impact of FoxA-FoxR interactions was assayed in vivo by
measuring Foxl sigma activity using a Foxl-dependent lacZ reporter construct.

Results: We previously showed that the periplasmic domain of FoxR is cleaved prior to signal
recognition producing two domains (N- and C-domains). In this work we show that these two
domains interact and that FoxA interacts solely with the FoxR C-domain. By introducing point
mutations and deletions we could map the interaction surface and the impact of this interaction on
FoxR proteolysis and Foxl activity. A new model for signal transmission by CSS linking FoxA-FoxR
interaction with FoxR proteolysis and Foxl activity is proposed.
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Background: Cell envelope stress responses (CESR) detect cell wall integrity alterations and
reprogram gene expression to ensure bacterial survival. The underlying signal transduction is
mediated partly by extracytoplasmic function (ECF) o factors. Pseudomonas aeruginosa is a human
opportunistic pathogen causing acute and chronic infections, which displays two major CESR systems
based on the two ECF o factors AlgU and SigX. In addition to controlling and maintaining
peptidoglycan and membrane homeostasis, AlgU and SigX are master regulators involved in motility,
biofilm formation and virulence in P. aeruginosa.

Objectives: Since phage infection and/or production require envelope crossing, we suspected CESR
to be activated.

Methods: Pf4 filamentous phages addition led to a weak P. aeruginosa cell lysis and abrogated
twitching motility. Expression and activity of AlgU and SigX were hugely increased in response to Pf4
infection, suggesting that exogenous Pf4 are perceived as major envelope stress signals. In addition,
a mutant in which a Mini-Himar1 transposon was inserted into the Pf4 prophage genomic island,
produced and released constitutively phage particles, leading to a weak cell lysis, reduced twitching
motility and adhesion, and altered biofilm architecture containing stretched cells. Remarkably, only
AlgU, but not SigX, expression and activity were increased in the mutant strain, but too much lesser
extent compared to treatment of P. aeruginosa with exogenous Pf4.

Results: Taken together, we show Pf4, CESR, motility and biofilm are connected at least through 2
different pathways involving AlgU and SigX in response to a “phage shock”, or only AlgU when Pf4 is
released constitutively.
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Background: Methicillin-resistant Staphylococcus aureus (MRSA) is a frequent cause of difficult-to-
treat, often fatal infections in humans . Previous vaccine development programs agaist S aureus have
not been successful. A large percentage of human antibodies against S. aureus target wall teichoic
acid (WTA), a ribitol-phosphate (RboP) surface polymer modified with N-acetylglucosamine (GIcNAc).

Objectives: We aim to study if TarP, a prophage encoded glycostransferase canmodify wall teichoic
cids and alter host immune response

Methods: Bacterial genetics, glycochemistry, protein crystallography , immunology

Results: Here we show TarP can transfers GIcNAc to a different hydroxyl group of the WTA RboP
than the standard enzyme TarS. TarP-glycosylated WTA elicits 7.5-40-fold lower levels of
immunoglobulin G in mice than TarS-modified WTA. Consistent with this, human sera contained only
low levels of antibodies against TarP-modified WTA. Notably, mice immunized with TarS-modified
WTA were not protected against infection with tarP-expressing MRSA, indicating that TarP is crucial
for the capacity of S. aureus to evade host defences. Structural analyses of TarP with WTA oligos and
UDP-GIcNAc explain the mechanism of altered RboP glycosylation and form a template for targeted
inhibition of TarP.

Our study reveals an immune evasion strategy of S. aureus based on averting the immunogenicity of
its dominant glycoantigen WTA. These results will help design S. aureus vaccine antigens and may
enable the development of TarP inhibitors as a new strategy for rendering MRSA susceptible to
human host defences.

Reference: (1) Gelach, D, Guo, Y, et al, 2018, Nature, 563, 7733, 705-709.
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Background: The biogenesis of the bacterial cell-wall peptidoglycan implies the shuttle of glycan
subunits across the plasma membrane. Individual building blocks are attached to the undecaprenyl-
phosphate (Css-P) at the cytoplasmic side of the membrane before being flipped to the periplasm,
where they are transferred to the growing polymer releasing undecaprenyl-pyrophosphate (Css-PP).
Css-P being present in a low number of copy per cell; it must be rapidly regenerated from this
released Css-PP and flipped back to the membrane inner side to fuel the high rate of peptidoglycan
biosynthesis.

Objectives: We revealed in Escherichia coli the existence of a plurality of integral membrane
phosphatases belonging to two unrelated families of proteins capable of converting Css-PP in Css-P.
Our goal was to further determine whether this redundancy was shared in the bacterial world and to
highlight its physiological relevance.

Methods: We used complementary appraoches ranging from genetic and phenotypic analyses to
assert the role of different putative Css-PP phosphatases belonging to the PAP2 (phosphatidic acid
phosphatases of type 2) and the BacA families to their biochemical and structural characterization.

Results: Specific panels of Css-PP phosphatases were determined in different bacteria. Dual
functions of PAP2 enzymes were highlighted with some being involved in phospholipids or
lipopolysaccharides biosynthesis in addition to Css-P metabolism. The structure of one member of
each family was obtained allowing further mechanistic investigations. Strikingly, the topology of BacA
raised the hypothesis that BacA could also function as a flippase allowing the relocalisation of Css-P
product back to the membrane inner side.
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Background: FmtA is a D-amino esterase that removes the D-Ala group of teichoic acids. Wall
teichoic acids are polymers involved in many physiological aspects of S. aureus, among them the
recognition and infection by S. aureus specific phages. FmtA is similar to a penicillin-binding protein
but it is devoid of such function. This protein is involved in biofilm formation and its knockout re-
sensitizes MRSA to beta-lactams.

Objectives: We have undertaken structural biology and kinetic studies to reveal the structural
elements that enable the D-amino esterase acticity of FmtA.

Methods: X-ray crystallography was used to determine the crystal structure of FmtA.

Results: 3D structure of FmtAresembles largely that of DD-carboxypeptidase enzymes and Class C
beta-Lactamases. However, Local structural changes to the active site of the enzyme are unique to
FmtA and hold the key to the substrate specificity of FmtA. The structure of FmtA offers an excellent
target to understand the structural elements that drive substrate specificity among penicillin
recognition proteins and their diversity in function. The crystal structure provides insights into
targeting FmtA with the purpose of increasing S. aureus sensitivity to beta-lactam antibiotics and
inhibiting biofilm formation.
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Background: Type V secretion systems (T55Ss) or autotransporters as well as bacterial
phospholipases are known virulence factors in many pathogenic bacteria. The patatin-like protein D
(PlpD) of Pseudomonas aeruginosa is the prototype of the subclass T5dSS, which secretes a lipolytic
passenger that forms extracellular homodimers.

Objectives: We aimed to characterize the enzymatic activity, substrate specificity and
multimerization status of homologues of PlpD from the pathogens Aeromonas hydrophila,
Burkholderia pseudomallei, Ralstonia solanacearum and Vibrio cholerae.

Methods: The lipase domains of T5dSSs were produced recombinantly. A continuous fluorimetric
assay was used to measure lipase activity of the target proteins. Substrate specificity was assayed
using lipid strips, and oligomer formation was determined by size-exclusion chromatography and
crosslinking.

Results: All studied phospholipases were active over a broad temperature and pH range, displayed
phospholipase Al (PLA1) activity and high-affinity binding to phosphatidylserine. Phospholipases
from A. hydrophila and B. pseudomallei also showed PLA2 activity. Based on size exclusion
chromatography and crosslinking, self-associated multimer formation seems to be a conserved
feature of T5dSS passengers. Yet, homodimer formation is not essential for enzymatic activity but
rather for protein stability. The exact role that T5dSSs play during infection has yet to be determined,
but the fact that several of the characteristics tested in this work are conserved across a wide range
of pathogens and that there are distinctive correlations between enzymatic activity as well as
substrate specificity and intra- and extracellular lifestyle suggests an important role for T5dSS
phospholipases for bacterial fitness.
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Background: The fungal cell wall is a dynamic organelle composed of chitin, 3-1,3-glucan, B-1,6-
glucan and mannoproteins. The polysaccharides give the wall its mechanical strength and the
mannoproteins include important virulence factors as well as carbohydrate active enzymes that
contribute to mainitaing cellular integrity. Fungi can alter the composition, structure and properties
of their outer coats in response to different internal and external stimuli such as mutations in cell
wall associated genes and changes in environmental conditions.

Objectives: To understand the impact of cell wall remodelling on drug susceptibility, host
interactions and fungal pathogenesis. To compare the cell wall of drug sensitive and drug resistant
clinical isolates to gain a better understanding of the role of the cell wall in drug tolerance and
resistance mechanisms.

Methods: We are investigating the fungal cell wall using a combination of carbohydrate
biochemistry, proteomics, fluorescence and electron microscopy. We study the impact of genetic
changes on wall and virulence associated phenotypes. The genetic changes may be due to targeted
gene deletion or gene overexpression in mutants we engineer in the laboratory as well as acquired
mutations in response to exposure to antifungal drugs in patients with invasive fungal infections.

Results: Our analyses have highlighted changes in cell wall composition such as elevated chitin levels
and the increased expression of cell surface proteins in response to antifungal drug treatment and in
drug resistant isolates. We have also characterised pathogen-specific cell surface protein families
that have roles in adhesion, biofilm formation, interactions with the host and pathogenicity.
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Background: Fungal cells change shape in response to environmental stimuli, and these morphogenic
transitions drive pathogenesis and niche adaptation. For example, dimorphic fungi switch between
yeast and hyphae in response to changing temperature. The basidiomycete Cryptococcus neoformans
undergoes an unusual morphogenetic transition in the lung from haploid yeast to large, highly
polyploid cells termed Titans. Titans influence fungal interaction with host cells, including through
increased drug resistance, altered cell size, and altered Pathogen Associated Molecular Pattern
exposure.

Objectives: Despite the important role these cells play in pathogenesis, understanding the
environmental stimuli that drive the morphological transition, and the molecular mechanisms
underlying their unique biology, has been hampered by the lack of a reproducible in vitro induction
system.

Methods: We recently demonstrated that Titan cells can be induced in vitro in response to
environmental stimuli consistent with the host lung

Results: . Significantly, we showed that bacterial cell wall serves as a key component in this process.
In vitro Titans exhibit all the properties of in vivo Titans, including altered capsule, cell wall, size, high
mother cell ploidy, and aneuploid progeny. Using this model, we begin to describe molecular
mechanisms underlying the yeast-to-Titan transition, investigate Titanisation in clinical isolates, and
characterize their impact on host interaction and disease outcome.
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Background: Infections due to the yeast Candida albicans have emerged over the past three decades
as a considerable threat to human health. C. albicans forms therapeutically-challenging biofilms on
biomedical implants which exhibit elevated intrinsic resistance to several antifungal agents, in
particular azoles and polyenes.

Objectives: We aim to elucidate the molecular mechanisms involved in the formation and antifungal
tolerance of biofilms as their knowledge is likely to yield novel strategies for combatting biofilm-
associated infections.

Methods: Our approach for the identification of C. albicans genes involved in biofilm formation
leverages a genome-wide collection of C. albicans signature-tagged overexpression strains that can
be evaluated individually or in pools for their ability to form biofilms. Further characterization of the
genes whose overexpression positively or negatively impacts biofilm formation involves functional
genomics approaches as well as structural biology of cell surface proteins.

Results: Characterization of > 2500 C. albicans overexpression strains for their ability to form biofilms
on abiotic surfaces has now revealed a number of genes that contribute to biofilm formation in this
species. In particular, a signature-tagged mutagenesis approach aimed at identifying genes whose
overexpression impacts the ability of C. albicans to thrive within biofilms has been used and has
revealed that a number of so far uncharacterized cell surface proteins can contribute to biofilm
formation through cell-to-surface or cell-to-cell interactions. Further characterization of these cell
wall proteins using structural biology approaches suggest that some can form amyloids that
contribute to adhesion to cell surfaces and biofilm formation.
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Background: Candida albicans is a commensal fungal microorganism in humans that can become
pathogenic and infect virtually any part of the body. Within the host C. albicans can utilize a variety
of non-preferred carbon sources, including amino acids, carboxylic acids, or N-acetylglucoasmine.
Though the routes of catabolism of these nutrients are independent, all three share a common
feature: they allow C. albicans to neutralize initially acidic environments, including the macrophage
phagolysosome.

Objectives: To examine the role of C. albicans mutants that fail to neutralize the environment in
virulence and immunogenicity.

Methods: C. albicans mutants lacking the regulator of amino acid permeases Stp2, carboxylic acid
permeases Jenl and Jen2, or the genes involved in GIcNAc catabolism were tested for environmental
neutralization and morphogenesis in vitro and within phagolysosomes. stp2A cells were tested for
adherence, biofilm formation and virulence.

Results: All mutants failed to induce morphogenesis, occupy more acidic phagolysosomes and were
readily killed by macrophages compared to the controls. Transcriptional profiling revealed that aside
from amino acid regulation, Stp2 controls the expression of hyphae-associated genes, including ECE1
and HWP1, suggesting novel function for this transcription factor. Indeed, stp2A cells showed
delayed hyphae formation in hyphae-inducing conditions, while STP2 overexpression resulted in
more robust morphogenesis. Further, stp2A showed reduced adherence to abiotic and biotic
surfaces, and biofilm formation under static and sheer flow conditions. Stp2 was also required for full
virulence in systemic model of candidiasis. In summary, C. albicans catabolism of non-preferred
carbon sources has profound effects on host pathogen interaction.
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0269 From commensalism to pathogenicity: interactions of Candida albicans with the host
Bernhard Hube!

Il eibniz-Institute for Natural Product Research and Infection Biology - Hans Knéll Institute,
Department Microbial Pathogenicity Mechanisms, Jena, Germany

Background: The fungus Candida albicans is both, a commensal and an opportunistic pathogen. The
adaptation of this fungus to the human host is the result of an ancient, mostly commensal,
relationship and has led to the development of distinct fungal strategies to survive and proliferate in
diverse host niches.

Objectives: For its transition to a pathogenic phase in the host, it relies on attachment to, invasion
into, and damage of epithelial cells. Adhesion is mediated by fungal surface proteins and stimulates
hyphae production and expression of hypha-associated genes. These filaments are not only more
adhesive, but also more invasive than yeast cells. Invasion is accompanied by epithelial damage,
however, it does not necessarily cause damage per se. In fact, it has become clear that most of the
damage is due to a hypha-associated polyprotein containing the first peptide toxin identified in a
human pathogenic fungus.

On the other hand, the host has adapted and evolved mechanisms to prevent invasion and infection
by any type of microbes, including C. albicans. This co-evolution scenario has not only led to the
emergence of distinct microbial virulence factors, but also to “avirulence factors” (well known in the
plant pathology field) or “immune modulators” (in the field of human immunology), which, once
expressed by the microbial pathogen, are recognized by the host and trigger microbial clearance via
immune responses.

Results: In C. albicans, we found examples of proteins which contribute to both offence and defence,
and which are thus both virulence and avirulence factors.
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0270 Epigenetic control of lineage formation by DNA adenine methylation

Josep Casadesus!

IUniversidad de Sevilla, Departamento de Genética, Sevilla, Spain

In gamma-Proteobacteria, formation of DNA adenine methylation patterns (combinations of
methylated and nonmethylated GATC sites) provides a mechanism for reversible switching of gene
expression, and for the propagation of epigenetic states to daughter cells. Nonmethylated GATC sites
are often part of clusters of 2-4 GATCs located within binding sites for transcriptional regulators, and
are flanked by DNA sequences that reduce the processivity of Dam methylase. Binding of the cognate
protein hinders Dam methylase activity, generating nonmethylated GATCs after two rounds of DNA
methylation. Nonmethylation persists as long as the transcription factor remains bound to its
cognate sequence, and is heritable. However, every DNA replication round provides a window of
opportunity to change the DNA methylation pattern of the regulatory region, switching transcription
from OFF to ON and vice versa. A paradigm of Dam-dependent epigenetic control is the pap operon
of uropathogenic E. coli, whose workings were unraveled by David Low and co-workers in the 1990s.
In pap, transcriptional switching is controlled by the methylation state of 2 GATCs, and the
transcription factor involved is Lrp. Additional examples of loci harboring Dam-dependent switches
are agn43 and sciH in E. coli, and gtr, opvAB, and std in Salmonella. In agn43, gtr, and opvAB,
transcriptional switching is under OxyR control. Switching of std is controlled by a logic AND-gate
involving HAfR, a poorly known transcriptional regulator, and std-encoded proteins StdE and StdF.
The adaptive value of Dam-dependent lineage formation can be understood in certain cases, and will
be discussed.
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0271 Listeria impact on host epigenetics

Matthew Eldridge?, Pascale Cossart®

Institut Pasteur, Cell Biology and Infection, Paris, France

The field of epigenetics has received a lot of attention recently in particular during infection. Indeed,
pathogens for efficient infection reprogram the host transcription. They do so by various means that
affect the chromatin itself or chromatin factors. One of these means is via nucleomodulins, i.e.
bacterial proteins produced by the pathogens, that enter the nucleus and act in various ways. In
Listeria for example, a small protein called LntA interacts with and desequesters a previously
unknown heterochromatinization factor called BAHD1 allowing expression of a number of genes
critical for infection. Another means is via histone modifications and we have shown that Listeria
induces a deacetylation of histone H3 via Sirtuin2, a deacetylase previously reported to act
preferentially on cytoplasmic substrates such as tubulin during interphase. Deacetylation of H3 leads
to gene repression, an event critical for efficient infection. We have shown that Sirtuin2 translocates
to the nucleus and associates with chromatin if and only if Serine 25 is dephosphorylated, an event
mediated by PPM1A and PPM1B translocation to the nucleus.
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0272 Causes and consequences of phenotypic heterogeneity in Salmonella virulence gene
expression

Martin Ackermann?

1ETH Zurich and Eawag, Department of Environmental Systems Sciences, Zurich, Switzerland

Background: Individual bacterial cells in clonal populations often exhibit a marked degree of
phenotypic heterogeneity: cells differ with respect to gene expression, metabolism and behavior.
Phenotypic heterogeneity allows clonal populations of pathogens to evade host responses, survive
treatment with antibiotics, and engage in the division of labor during the colonization of host
compartments. While many studies support the diverse roles of phenotypic heterogeneity for
bacterial infections, some important questions remain largely unresolved: we often do not know the
molecular mechanism that produce phenotypic differences between genetically identical cells; we do
not know how the degree of phenotypic heterogeneity is modulated by external factors; and we
often do not understand how exactly phenotypic heterogeneity allows pathogens to establish and
maintain infections.

Objectives: Working with the bacterial pathogen Salmonella Typhimurium, our goal is to work on
these knowledge gaps on the causes and consequences of phenotypic heterogeneity.

Methods: We use quantitative single-cell measurements to analyze the temporal dynamics of
virulence gene expression in individual Salmonella cells and the modulation of phenotypic
heterogeneity by external factors.

Results: Quantitative single-cell measurements of Salmonella genes that are involved in virulence
and host interaction reveal oscillations in the expression of some of these genes and show that size
and behavior of phenotypic sub-populations are modulated by external factors, and potentially
controlled by other members of the gut microbiota. | will discuss whether some of these findings can
be translated to other pathogens, and potentially lead the way to new approaches for infection
control.
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0273 Salmonella persisters undermine host immune defences during antibiotic treatment

Sophie Helaine!, Daphne Stapels?

Imperial College London, MRC CMBI, London, United Kingdom

Background: Many bacterial infections are hard to treat and tend to relapse, due to the presence of
persister cells. The internalisation of Salmonella by macrophages induces formation of such non-
growing persisters that, in contrast to bacterial persisters formed in laboratory medium, remain in a
metabolically-active state.

Objectives: Here we investigate how the metabolic activity of persisters supports their survival during
extended periods of time in the host.
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0274 Contribution of new developments in the synthetic biology toolbox to the engineering of
yeast cell factories

Pascale Daran-Lapujade?

1Delft University of Technology, Department of Biotechnology, Industrial Microbiology section,
Netherlands

The push towards sustainable alternatives to oil-derived chemicals requires the construction of
powerful microbial cell factories that can produce new chemicals, using unnatural substrates at high
yields and rates, under harsh industrial conditions. Irrespective of the type of product, optimal
performance of engineered cells requires modifications in the activity and regulation of core cellular
and metabolic functions in the host organism. Achieving optimal microbial performance in industrial
settings is far from trivial because it typically conflicts with the natural propensity of microbes to
prioritize resource utilization for growth and survival. The construction of powerful cell factories
therefore demands extensive genetic remodeling of the host microbes. Rapid developments in the
field of synthetic biology over the past few years have delivered new molecular tools that strongly
enhance the genetic accessibility of microbial genomes. Using the model and industrial yeast
Saccharomyces cerevisiae as paradigm, we will explore how these synthetic tools have empowered
the construction of yeast cell factories and will reflect on the remaining challenges.
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0275 Rewiring yeast central carbon metabolism for industrial isoprenoid production

Annie Tsong?

1Amyris, Research and Development, Emeryville, United States

Background: A bio-based economy has the potential to provide sustainably-derived substitutes for
petroleum-based products, as well as new chemical building blocks for advanced materials. At
Amyris, we have engineered the yeast Saccharomyces cerevisiae for commercial production of
isoprenoid-based pharmaceuticals and specialty chemicals. However, the native central metabolism
of Saccharomyces cerevisiae is chemically suboptimal in conversion of feedstock to isoprenoids,
which prevents economically viable production at the commodity-scale.

Objectives: We set out to rewire the central carbon metabolism of S. cerevisiae to enable production
of isoprenoids at volumes and costs which can compete with commodity-scale petrochemicals.

Methods: Using computational modeling, we identify four non-native metabolic reactions which
enable biosynthesis of cytosolic Acetyl Coenzyme A (the two carbon isoprenoid precursor) with
reduced ATP requirement, reduced loss of carbon to CO2-emitting reactions, and improved pathway
redox balance. We then express enzymes that catalyze these four reactions in an industrial
isoprenoid-producing strain background, and eliminate competing native reactions.

Results: We demonstrate that that strains with rewired central metabolism devote an identical
percentage of sugar consumed to farnesene production as control strains using the native central
metabolism, yet produce 25% more farnesene with that sugar while requiring 75% less oxygen —
precisely in line with computational predictions. These changes lower feedstock costs and
dramatically improve capital utilization of industrial fermenters which are by necessity oxygen-
contrained. This illustrates that rewiring yeast central metabolism is a viable strategy for cost-
effective, large-scale production of Acetyl Coenzyme A-derived molecules.
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0276 Optimising synthetic biology by working with the host cell
Tom Ellis?

!Imperial College London, United Kingdom

Synthetic DNA constructs can be used to reprogram cells to sense, compute, record information and
to produce chemicals, medicines and materials. However, the functions of these constructs can
impact on their host cell, and conversely the host cell background can also impact on the efficiency of
the construct function. To uncover how construct function impacts on a host, we used multiplex
RNAseq with an in vivo assay to reveal the major transcriptional changes that occur in response to
synthetic construct expression. Our systems analysis led us to identify native biosensors for unnatural
expression in E. coli strains and exploit these to build a CRISPR/dCas9-based feedback regulation
system that automatically adjusts expression to ensure robust growth in many varied conditions. In
parallel, to investigate how host background impacts a construct, we assessed the performance of
metabolic pathway-encoding constructs hosted in synthetic yeast strains that have chromosomes
that can be rearranged on demand. In vivo deletion and inversion of chromosomal regions quickly
enabled new synthetic yeast host cells to be generated with greatly-enhanced xylose utilisation, and
improved violacein and penicillin biosynthesis. We are now exploring how host cell genomes can be
engineered to make strains specific for different tasks, including biosensing.
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0277 Creating synthetic yeast cell factories for oleochemicals and isoprenoids
Irina Borodina*

ITechnical University of Denmark, The Novo Nordisk Foundation Center for Biosustainability, Kgs.
Lyngby, Denmark

Background: Oleaginous yeast Yarrowia lipolytica possesses a remarkable ability to accumulate high
levels of lipids and to secrete organic acids. With the recent advances in CRISPR-based genome
editing, this yeast has become well amenable to genome editing.

Objectives: We aimed to engineer Y. lipolytica into a platform cell factory, well suitable for
production of oleochemicals and isoprenoids.

Methods: We introduced biosynthetic routes towards high-value specialty chemicals, carotenoids,
lactones, and insect pheromones, into Y. lipolytica. Furthermore, we engineered the metabolism of
the yeast to redirect a larger carbon flux into the products.

Results: The engineered strains produced high levels of astaxanthin, canthaxanthin, lactone flavours,
or insect pheromones. This enables the replacement of the current production routes of these
compounds with fermentation, resulting in product cost reduction and environmental benefits.
Carotenoid-type pigments astaxanthin and canthaxanthin are useful as fish and poultry feed
additives. Lactone flavors are used in food and cosmetics. Insect pheromones are applied for
environmentally friendly pest control.
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0278 Phage-Bacteria Interaction in the Coastal Ocean
Martin Polz?

IMassachusetts Institute of Technology, Civil and Environmental Engineering, Cambridge, United
States

Background: Viruses are key members of all ecosystems and exert top-down control of microbial
populations. By selecting for resistance, viruses are thought to be major drivers of the diversity
observed among closely related microorganisms. However, the eco-evolutionary dynamics of these
interactions remain poorly understood.

Objectives: To determine the patterns and mechanisms of phage-host interactions in the coastal
marine environment.

Methods: We used a combination of environmental sampling, virus-host infection determination,
comparative genomics and molecular genetics.

Results: Analysis of the largest, fully genome-resolved cross-infection matrix of viruses and their
bacterial hosts showed that viral predation is highly specific, differentiating nearly clonal isolates.
This specificity is meadiate by mobile genetic elements that carry defense genes and displsy
extremely rapid evolutionary turnover. Each bacterial strain can carry up to 5 different defense
elements that, due to their considerable length, make up a sizeable portion of the pan-genome of
populations. These defense islands are strikingly diverse, containing restriction-modification systems,
recently discovered anti-phage genes, and additional unannotated loci shared among subsets of
islands. Viral receptors at the cell surface of hosts, on the other hand, are suprisingly invariant and
broadly distributed enabling diverse phage to inject their DNA into hosts where it is subsequently
inactivated but available for genetic exchange. Hence phage have effectively broader host ranges
than suggested from cross infection studies, explaining the paradox that phage are highly
recombinogenic in spite of limited host range.
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0279 Using experimental evolution to understand marine microbes in changing environments
Sinead Collins®

IUniversity of Edinburgh, Institute of Evolutionary Biology, United Kingdom

Background: Marine microbes evolve on timescales of blooms, seasons, or a few years, and
experimental evolution is one powerful tool for understanding how microbial populations can
respond to environmental changes on various timescales

Objectives: Predicting trait changes in marine primary producers under ocean change
Methods: Experimental evolution, marine ecosystem modeling

Results: | will go over how “standard” evolution experiments designed to understand basic
evolutionary processes, such as the role of epigenetic mutations or the role of environmental

fluctuations in adaptation, can be used to improve models trait evolution in marine microbes under

ocean warming.
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0280 General and specific cross-feeding during marine phototroph-heterotroph interactions

Despoina Sousoni!, Amandeep Kaur?, David Scanlan?, Joseph Alexander Christie-Oleza®

IUnversity of Warwick, School of Life Sciences, Coventry, United Kingdom

Background: Despite the scarcity of nutrients in the photic layer of the ocean, these prevail as highly
productive systems that sustain the entire marine food web. The unicellular phototrophs that populate
and feed these ecosystems have adapted to extreme oligotrophic conditions via various means. One
of these is based on niche specialization which facilitates collaborative interactions, where nutrients
are recycled between phototrophic and heterotrophic members of the planktonic community.

Objectives: To underpin the physiological phototroph-heterotroph interactions that take place under
oligotrophic conditions.

Methods: We have performed long-term co-culture experiments in natural seawater using a broad
range of model phototrophic microorganisms (i.e. picocyanobacteria Prochlorococcus and
Synechococcus, green algae Micromonas and Ostreococcus, the haptophyte Emiliania huxleyi, and
diatoms Phaeodactylum tricornutum and Thalassiosira pseudonana) grown in combination with a
diverse range of marine heterotrophic bacteria.

Results: We show that it is not the concentration of nutrients but rather their circulation that
maintains a stable interaction and a dynamic system, although this was not achieved under all
combinations. High-throughput proteomic and metabolite data generated from these co-cultures
revealed mechanistic insights into the cross-feeding process that occurs in each one of these systems
and, thus, has provided a comprehensive understanding of the networks of marine phototroph-
heterotroph interactions at a broad scale. Our results challenge the general belief that marine
phototrophs and heterotrophs compete for the same scarce nutrients and niche space and, instead,
suggest these organisms more likely benefit from each other because of their different levels of
specialization and complementarity within long-term stable-state systems.
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0281 Laminarin is a key molecule in the marine carbon cycle and fuels heterotrophic metabolism

Stefan Becker?, Sarah Coffinet?, Karen Wiltshire?, Morten lversen?, Kai-Uwe Hinrichs?, Jan-Hendrik
Hehemann®*

IMarum University of Bremen, Bremen,

2Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany
3SMARUM - Center for Marine Environmental Sciences University of Bremen, Bremen,
‘Max Planck Institute for Marine Microbiology, Bremen,

Background: Marine algae sequester as much CO; into carbohydrates as terrestrial plants. Polymeric
carbohydrates, i.e., glycans provide carbon for heterotrophic bacteria and may form a potential sink
of carbon in the ocean.

Objectives: Measure the quantitative contributions of marine algal glycans to establish their role as
food for microbes for carbon cycling and for carbon sequestration.

Methods: We developed a biocatalytic strategy based on bacterial enzymes. The biocatalytic assay
consists of bacterial laminarinases that cleave the algal glycan laminarin into readily analyzable
fragments, which can be easily quantified with HPLC or with colorimetric assays.

Results: We measured laminarin concentrations in the Arctic, Atlantic, and Pacific oceans and during
two North Sea time series and found that it accounts on average for 37£17% of the algal particulate
organic carbon. An observed correlation between chlorophyll and laminarin suggests an annual algal
laminarin production of 1819 gigatons, that is, more than four times the annual atmospheric carbon
dioxide increase by fossil fuel burning. Moreover, laminarin accounted for up to 50% of the carbon in
sinking particles and thus contributed significantly to carbon export from surface waters. Spatially
and temporally variable laminarin concentrations of up to 80% of the particulate organic carbon from
the surface ocean were driven by light availability. These variations indicate the role of laminarin for
carbon export and energy flow to bacteria as well as to higher trophic species and point to its still
unconstrained role in marine ecosystems.
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0282 Exploiting intracellular bacteria for medical biotechnology

Clare Taylor!

1Edinburgh Napier University, School of Applied Sciences, Edinburgh, United Kingdom

Background: Intracellular bacteria have evolved elegant mechanisms to invade, manipulate, and
survive in their hosts. Investigation of bacterial pathogenic mechanisms has helped us to understand,
in many cases, how intracellular bacteria overcome host immune responses but future developments
include exploiting such bactreia for medical therapies. There is growing interest in the concept of
‘anti-virulence’ as an alternative therapeutic approach, particularly in the light of increasing antibiotic
resistance. Furthermore, a number of approaches exploiting pathogenic mechanisms to deliver
therapeutic molecules directly into the host have shown promise as anti-tumour therapies.

Objectives: Recent progress in exploiting bacteria such as Salmonella enterica and Listeria
monocytogenes will be discussed, including some of the challenges and complexities that are known,
as well as those which are as yet unknown.

280



0283 Exploring Predatory Bacteria as Living Antibacterials

Liz Sockett?, Jess Tyson?, Carey Lambert?!, Dhaarini Raghunathan?, Paul Radford?, Chris Moore?,
Michelle Baker?2, Ting Lai', Jamie Twycross?, David Negus?, Alex Willis?, Serge Mostowy?

LUniversity of Nottingham, School of Life Sciences, Nottingham, United Kingdom
2University of Nottingham, Computer Sciences, Nottingham, United Kingdom
3Imperial College London, Centre for Molecular Bacteriology and Infection, London, United Kingdom

Background: Gram negative E(S)KAPE Pathogens including E.coli, Klebsiella.pneumoniae,
Acinetobacter baumanii show increasing resistance to conventional antibiotics and are listed by
W.H.O. as requiring the urgent development of new counter-measures. We are researching the use
of living predatory bacteria, such as Bdellovibrio bacteriovorus (small Gram-negative
deltaproteobacteria that naturally invade and kill Gram-negative pathogens of humans, animals and
plants) to treat such infections. As live, but non-pathogenic bacteria themselves, B. bacteriovous can
evolve to adapt to different pathogens and they encode a large arsenal of antibacterial enzymes
which they use in a programmed way in their predatory life cycle. As bacteria themselves, they bring
potential issues of bodily spread and host immunity which must be explored

Objectives: Our goals are to evaluate B. bacteriovorus cells as live agents for bacterial killing and to
test their interactions in live hosts and with host immune systems, to see how they may act in vivo.

Methods: We have previously applied whole B. bacteriovorus and shown that they combat Gram-
negative pathogens in live poultry and food crops. Recently we have taken these studies further
using a zebrafish hindbrain infection model and cultured human macrophage like U937 cells.

Results: We have shown that injection of B. bacteriovorus works alongside the immune system to
clear otherwise lethal Gram-negative infections in zebrafish larvae and are now investigating how
this dual effect can occur. We have also detected significant persistence of B.bacteriovorus in human
macrophage like cells and will discuss the implications of these findings for future therapy.
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0284 Optimising an anti-adhesion treatment for P. aeruginosa infections with the aid of
mathematical modelling

Sara Jabbari?, Paul Roberts?, Emma Keen?, Anne-Marie Krachler?

LUniversity of Birmingham, School of Mathematics & Insitute of Microbiology and Infection,
Birmingham, United Kingdom

2University of Birmingham, School of Mathematics & Institute of Microbiology and Infection,
Birmingham, United Kingdom

3University of Birmingham, Institute of Microbiology and Infection, Birmingham, United Kingdom
“University Of Texas Health Science Center At Houston, Houston, United States

Background: The ability of bacteria to become resistant to previously successful antibiotic
treatments is an urgent and increasing worldwide problem. Solutions can be sought via a number of
methods including, for example, identifying novel antibiotics, re-engineering existing antibiotics or
developing alternative treatment methods. The nonlinear interactions involved in infection and
treatment render it difficult to predict the success of any of these approaches without the use of
computational tools in addition to more traditional experimental work.

Objectives: We use mathematical modelling to aid in the development of anti-virulence treatments
that, unlike conventional antibiotics that directly target a bacterium’s survival, may instead attenuate
bacteria and prevent them from being able to cause infection. Many of these anti-virulence
treatments, however, are only partially successful when tested in infection models. We apply our
interdisciplinary approach specifically to MAM7-based inhibitory beads, used to prevent P.
aeruginosa from adhering to host cells (a key early stage in infection).

Methods: By carefully combining ordinary differential equation models with experimental data, we
are able to produce reliable mathematical models of different treatment scenarios.

Results: Computational optimisation procedures are applied to make experimentally-testable
predictions regarding combinations of treatments that should minimise the bacterial load. In
particular, we consider an antibiotic-resistant infection and predict that MAM7-based inhibitory
beads can be successful in clearing an antibiotic resistant infection when combined in an appropriate
way with antibiotics and/or debridement.
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0285 Engineering E. coli bacteria for the targeted injection of proteins into tumor cells

Luis Angel Fernandez*

ICentro Nacional de Biotecnologia (CNB-CSIC), Microbial Biotechnology, Madrid, Spain

Background: One of the aims of synthetic biology is the design of microorganisms for the
development of diagnostic sensors and therapeutic agents against human diseases such as cancer.

Objectives: Report the development of two important tools that enable to precisely program E. coli
bacteria to: 1) adhere to specific target cells; and 2) assemble filamentous injectisomes from type Il
secretion systems (T3SS) that act as "molecular syringes" for translocation of specific proteins into
mammalian cells.

Methods: We have generated synthetic adhesins (against different antigen targets expressed on the
surface of mammaliam cells and have demonstrated the specific adhesion of the engineered E. coli
bacteria to target tumor cells using in vitro and in vivo models. Secondly, we engineered the
expression of functional injectisomes in a non-pathogenic commensal E. coli strain by reformatting
the operons encoding the structural proteins and chaperones needed for the assembly of
injectisomes from enteropathogenic E. coli (EPEC).

Results: The resulting strain, named Synthetic Injector E. coli (SIEC), was shown to translocate a
natural EPEC effector called Tir into Hela cells. Recent work has demonstrated that other effector
proteins can be efficiently delivered by SIEC into mammalian cells. In addition, we have shown that
SIEC can translocate heterologous proteins (e.g. antibody fragments) into human and mouse cell
lines. In order to provide cell specificity for protein injection the expression of synthetic adhesins in
SIEC bacteria. Our results show that SAs can be expressed in SIEC bacteria for the targeted delivery of
a protein payload into tumor cells.
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0286 Impact of genome diversity of Clostridium botulinum
Michael Peck?, Jason Brunt?, Sandra Stringer?, Andrew Carter?, Arnoud van Vliet?

lQuadram Institute Bioscience, Norwich, United Kingdom
2University Of Cambridge, United Kingdom
3University Of Surrey, United Kingdom

Background: Clostridium botulinum is a heterogeneous species comprising at least four distinct
Groups of Gram-positive endospore-forming anaerobic bacteria. C. botulinum is responsible for
botulism, a severe and deadly disease associated with consumption, or in vivo formation, of the
highly potent botulinum neurotoxin. There are eight botulinum neurotoxin serotypes, and more than
forty botulinum neurotoxin sub-types. There are three major types of human botulism; foodborne,
infant and wound. Strains of C. botulinum Group | and Group Il are responsible for most cases of
human botulism. C. botulinum Group | is a mesophilic proteolytic bacterium that forms neurotoxin of
serotypes A, B, F and/or X, and C. sporogenes is a close relative of C. botulinum Group I. C. botulinum
Group Il is a psychrotrophic saccharolytic bacterium that forms a single neurotoxin of serotype B, E or
F.

Objectives: This study has been concerned with the analysis of genomes of strains of C. botulinum
Group | and C. botulinum Group ll, and has evaluated genome diversity in relation to the risk of
botulism in humans.

Methods and Results: The increased availability of C. botulinum genome sequences has provided a
better characterization of the genomic diversity of C. botulinum Groups | and Il and their neurotoxins.
Both C. botulinum Group | and C. botulinum Group |l separate into a number of distinct sub-groups,
and there are new insights into biology of these bacteria, their transmission, evolution, and the risk
presented. This information will also enable improved surveillance and tracing/tracking during
outbreaks.
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0287 Clostridium perfringens strains causing foodborne illness

Matthew Callaghan?, Kristian Kollerud?, Jos Boekhorst!, Marjon Wells-Bennik?*

INIZO food research BV, Ede, Netherlands

Background: The anaerobic sporeforming bacterium Clostridium perfringens is one of the most
common causes of foodborne illness as a result of C. perfringens enterotoxin (CPE) production in the
gut. Yet, only ~5% of strains carry the cpe gene, which can be located chromosomally (C-cpe) or on a
plasmid (P-cpe). C-cpe strains have predominantly been associated with foodborne outbreaks as their
spores may survive heating processes better than spores of P-cpe/non-cpe strains.

Objectives: To improve detection and gain insight in occurence in different environmental niches,
genotypic and phenotypic characterization of C. perfringens outbreak strains (C-cpe/P-cpe) and non-
cpe strains was performed with a focus on substrate utilization, growth properties and spore heat
resistance.

Methods: Genome sequencing and analysis of 22 C. perfringens Type A strains (C-cpe, P-cpe and cpe-
negative) showed that C-cpe strains and P-cpe/non-cpe strains clustered in separate phylogenetic
groups. Unique genes and their predicted functions were identified. For each strain, spores were
produced to asses heat inactivation kinetics, substrate utilization was tested using API, and growth
was assessed at different temperatures.

Results: 152 genes were unique to strains belonging to two different phylogenetic clusters,
suggesting potential niche adaptation. Using traditional enumeration methods, strains of the two
groups were not distinguishable. Reported higher heat resistance of spores of C-cpe strains
compared with P-cpe/non-cpe strains was not linked to presence/absence of unique sporulation
genes. Moreover, it was found that some P-cpe strains can also produce spores with high heat
resistance. The impact of these findings for the food industry will be discussed.
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0288 Diversity and adaptation of Bacillus cereus spores in the food chain
Frédéric Carlin®

1INRA PACA Research Center, UMR408 SQPOV Sécurité et Qualité des Produits d'Origine Végétale,
Avignon, France

The pathogenic and spore-forming bacteria Bacillus cereus accounts for some of the most common
foodborne poisonings, occurring under the forms of diarrheal and emetic syndromes due to a range
of enterotoxins and to the cyclic peptide cereulide. Reports of Bacillus cereus outbreaks in Europe
(including very severe emetic outbreaks) markedly increased in recent years. Spores of B. cereus are
widely dispersed in the environment and contaminate any sort of foods. Assembly of spore
structures is the result of a complex process and is strongly influenced by the environment of
sporulation, with deep consequences on spore properties. With Clostridium botulinum and C.
perfringens, B. cereus is a concern for mildly heat-processed foods because of spore resistance and
the ability of many strains to multiply at refrigeration temperature. The phenotypic diversity of B.
cereus strains has been established long ago. Several descriptions of the genetic structure of the
whole group have been provided and now define genetic groups with specific phenotypic characters.
With respect to food safety, these groups have different growth temperature profiles, and also differ
by their involvement in foodborne poisoning incidents, production of toxins causing poisonings,
resistance to heat, adaptation to low pH or to low au, etc... The risk for consumers of B. cereus
foodborne poisonings should be considered with respect to the type of strains present in foods.
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0289 Bacillus spore germination and outgrowth; molecular mechanisms and antimicrobial
strategies

Wishwas Abhyankar?, Bhagyashree Swarge?, Soraya Omardien?, Juan Wen?, Raymond Pasman?, Erik
Manders?, Zhiwei Tu?, Leo de Koning®, Chris de Koster®, Peter Setlow?®, Stanley Brul’

IUniversity of Amsterdam, MBMFS & MSB @ Swammerdam Institute for Life Sciences, Amsterdam,
Netherlands
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4Confocal, Research, Amsterdam, Netherlands
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3University of Amsterdam, MBMFS @ Swammerdam Institute for Life Sciences, Amsterdam,
Netherlands

Background: Bacterial spores are ubiquitous in nature, can survive food preservation processes and
cause, upon outgrowth, food spoilage and human disease. The risk is exacerbated by heterogeneous
germination and outgrowth behavior of isogenic spore populations.

Objectives: We discuss approaches aimed at synchronization of Bacillus subtilis sporulation, and
analyze spore proteins as well as germination and outgrowth physiology. Our studies focus on the
characterization of the mechanisms involved in normal spore development and germination.

Methods: We present proteomics results aimed at broadening our knowledge about spore structure
dynamics and the identification of putative antimicrobial targets. For relative quantification we used
15N metabolic labelling. Live-imaging and fluorescence microscopy allowed us to analyze spore
germination and outgrowth at the single spore level as well as the presence of ‘germinosomes’
(clustered germination receptors) in B. subtilis.

Results: The proteomics analyses showed many energy related proteins necessary for ‘kick-starting’
life. Most glycolytic enzymes were identified in dormant spores as well as many of the proteins
involved in amino acid biosynthesis. Furthermore most germination receptors were identified.
Germinosome visualization using receptor protein fusions showed that B. subtilis spores often
contain two germination protein foci. The germinosome’s impact on models of spore germination is
being assessed. Finally, we probed the mode of action of human thrombocidin derived peptides
TC19 and TC84, possible modifiers of the microbiome. Perturbed membrane fluidity homeostasis
was shown to be central to their mode of action. Data acquisition and antimicrobial analyses are
being extended to Bacillus cereus and the anaerobic pathogen Peptoclostridium difficile.
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0290 The bacterial protein translocation channel at work
Peter Pohl*

IBiophysics, Linz, Austria

Background: Translocation of many secretory proteins through the bacterial plasma membrane is
facilitated by the protein translocation complex SecYEG. The molecular mechanisms of how motor
protein SecA, membrane potential or membrane protein folding energize polypeptide translocation
is not resolved.

Objectives: We now monitored (i) the assembly of the SecA-SecYEG translocation machinery in a
reconstituted system to identify both voltage and ATP dependent steps and (ii) the interactions
between translocation intermediates and already translocated membrane helices.

Methods: We used luminescence resonance energy transfer, single molecule fluorescence resonance
energy transfer, electrophysiological recordings of single channel events, and high-speed atomic
force microscopy to monitor the interactions between the different constituents of the translocon.

Results: The different methods consistently revealed that the initial steps of translocon assembly are
ATP-independent. SecYEG's voltage sensitivity is essential to maintain the membrane barrier to ions
and other small molecules. In addition to membrane voltage, ion leakage across the activated
translocon also depends on the hydrophobicity of the translocation intermediate, i.e. on its
preference for the aqueous environment of the channel or the hydrophobic interior of the
membrane core. The probability of polypeptide secretion or membrane insertion appears also to be
affected by the ability of the stalled polypeptide chain to recognize transmembrane helices outside
the translocon.
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0291 Integration of membrane proteins: stop and go

Martin Spiess®

IUniversity of Basel, Biozentrum, Basel, Switzerland

Background: Most membrane proteins are inserted into the lipid bilayer by the Sec61/SecYEG
translocon as transmembrane a-helices. The translocon provides the nascent polypeptide access to
the lipid phase for thermodynamic equlibration. Each polypeptide segment thus appears to
autonomously define its integration behavior by its hydrophobicity.

Objectives: The hydrophobicity threshold for membrane integration was tested for the same set of
potential transmembrane segments in different contexts to determine the effect of flanking
sequences on the integration process.

Methods: Model proteins containing a series of potential transmembrane segments were expressed
in yeast (wild-type or mutated in Sec61p) and pulse-labeled with radioactive methionine. Resulting
topologies were dentified from the glycosylation patterns.

Results: The sequence context affects the hydrophobicity threshold of transmembrane segment
integration in unexpected ways. In particular, the folding properties of the sequence upstream of the
potential transmembrane sequence influence the partitioning process, which is part of a dynamic
process. The results shed a new light on membrane protein design.
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0292 Protein transport in bacteria: multiple pathways and common concepts

Hans-Georg Koch?

Institute for Biochemistry and Molecular Biology, Medicine, Freiburg, Germany

Background: Compartmentalization is a unifying principle of eukaryotic and prokaryotic cells and
necessitates specific protein delivery systems that transport proteins from their site of synthesis in
the cytosol to their sites of function. Bacteria use a large variety of protein delivery systems in
parallel to transport proteins to the cell envelope and into the extracellular environment.

Objectives: The SecYEG translocon acts at the center of the bacterial protein transport and is
engaged by two distinct targeting pathways: the SRP-dependent pathway, dedicated mainly to inner
membrane proteins, and the SecA-dependent targeting of secretory proteins. Conceptually, both
pathways are considered to operate by distinct mechanisms: SRP targets its substrates co-
translationally, while SecA targets its substrates after their synthesis is completed, i.e. post-
translationally.

Methods: in vitro transcription/translation systems; in vivo and in vitro site-directed cross-linking,
mass spectrometry, mRNA targeting, single-molecule imaging

Results: Our data show that bacterial protein delivery systems are by far more versatile than initially
anticipated. SRP can operate in a post-translational targeting mode and SecA can interact with its
substrates co-translationally. In addition, bacteria also use translation-independent targeting
processes for the membrane enrichment of mRNAs encoding for membrane proteins. Our data
furthermore highlight the importance of a highly dynamic SecYEG translocon for transporting
substrates delivered by different targeting pathways.
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0293 Microbial formate-nitrite (lactate) transporters: mechanism and potential as novel drug
target

Eric Beitz!

1Pharmaceutical Institute, Pharmaceutical and Medicinal Chemistry, Kiel, Germany

Background: Due to still failing vaccination and rapidly growing resistance, new antiprotozoal drugs
and novel modes of action are urgently needed. We have discovered a novel approach to attack the
parasites at their periphery and kill them by blocking transporters of the major end product of the
vital energy metabolism, i.e. lactic acid. These transporters belong the exclusively microbial formate-
nitrite transporter, FNT, family.

Objectives: We aim at determining structure-function relationships of the FNT-family, elucidate
substrate selectivity filters and the transport mechanism; eventually, we want to find more
sustainable drugs to fight resistant parasites causing —among others — toxoplasmosis, amoebiasis,
and malaria.

Methods: We express FNTs in yeast or a cell-free transcription/translation system for transport
assays. We introduce mutations and analyze transport under various conditions. We phenotypically
and biophysically screen for drug-like inhibitors and synthesize expansion libraries.

Results: We characterized FNTs from Plasmodium falciparum, Entamoeba histolytica, and
Toxoplasma gondii. We discovered FNT inhibitors that kill malaria parasites and T. gondii. Currently,
we are expanding our work to other pathogens. We further identified a general FNT substrate
selectivity filter, which is reminiscent of the aquaporin aromatic/arginine region regarding its
localization within the FNT protein, its amino acid composition, and size-exclusion function. Finally,
we elucidated the basic FNT transport mechanism: an invariant lysine attracts the substrate anion
into the transporter vestibule, the entering substrate encounters an increasingly hydrophobic
environment initiating dielectric pK, disturbance and proton transfer from the water bulk for
transport of the neutral substrate species. We term this mechanism the “dielectric slide”.
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0294 The giant viruses: history, recent developments, enigmas and promises of a new branch of
Virology

Jean-Michel Claverie?

Lpix-Marseille University & CNRS, Laboratoire Information Génomique et Structurale (IGS) UMR7256,
Marseille, France

Background: The saga of “giant viruses” (viruses with cell-like particle and genome sizes) started in
2003 with the publication of Mimivirus, the prototype of the Mimiviridae family. With its double-
stranded DNA genome of more than one megabase encoding about 1000 proteins, the
Acanthamoeba-infecting Mimivirus initiated a revolution in virology, showing that an entire part of
the virosphere was ignored due to flawed historical protocols and concepts.

Objectives: For 15 years, several laboratories performed a planetary wide sampling of fresh,
brackish, and marine waters, as well as various soils, from temperate to arctic and antarctic regions.

Methods: Our protocol initially involves the co-cultivation of samples with Acanthamoeba in search
of lytic viruses. Following the cloning and population expansion of giant virus isolates, they were fully
characterized using genomics, transcriptomics, proteomics, and their infectious cycle documented
using electron microscopy. More recently, several groups attempted to speed up the discovery
process using metagenomic analyses of aquatic environments and soils.

Results: Fifteen years of endeavour have led to 3 distinct families of giant viruses, in addition to the
Mimiviridae. These proposed families are the Pandoraviridae, the Pithoviridae, and the Molliviridae.
The prototypes of the two later families have been revived from 30.000 year-old siberian permafrost,
demonstrating the capacity of large DNA viruses to remain infectious since the Neanderthal era. A
puzzling feature shared by all giant viruses is the large proportion of orphan proteins they encode,
raising fundamental questions about their evolutionary origin and their relationship with the cellular
Tree of Life
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0295 Ultrastructure of Meelsvirus, a New Prototype of "Giant Virus" Infecting Epidermal Cells of
Arrow Worms (Phylum Chaetognatha)

George Shinn?, Brianna L. Bullard?

ITruman State University, Department of Biology, Kirksville, Missouri, United States
2University of Nebraska, School of Biological Sciences, Lincoln, Nebraska, United States

Background: Most known giant viruses, i.e., viruses producing virions exceeding 0.3 microns,
parasitize amoebae. These viruses vary considerably in their dependence on host nuclear functions
and in the structure and molecular composition of virions, but their virions all self-assemble within
the host’s cytoplasm. Meelsvirus infects epidermal cells of the planktonic predatory arrow worm,
Adhesisagitta hispida. It has unique bowling pin-shaped virions that self-assemble within host cell
nuclei.

Objectives: To establish Meelsvirus as new prototype of giant virus, we analyzed the ultrastructure of
mature virions and structural apsects of self-assembly.

Methods: Sections of infected cells were examined using conventional transmission electron
microscopy.

Results: Infected cells occur in patches and have greatly hypertrophied nuclei. Mature virions are
suspended throughout the nuclei in an abundant electron-lucent nucleoplasm. The ovoid
nucleocapsids average 0.53 micron long and the 31 nanometer-thick capsid wall is composed of very
large, radially arranged, complexly shaped capsomers. A thin surrounding envelope extends away
from the nucleocapsid to form a large conical “tail” filled with electron-dense material. Entire virions
average 1.25 microns long. New virions arise from the surface of peripheral electron-dense
nucleoplasm. The capsid and envelope assemble coincidently and capsids begin filling well before
the wall is complete. We hypothesize that infection of new hosts occurs by rupture of protruding
virion-filled nuclei when the infected arrow worms mate. Presence of empty naked capsids in the
cytoplasm of infected cells suggests that the envelope and tail participate during infection. Genomic
work is needed to determine the phylogenetic position of Meelsvirus.
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0296 Genome analysis of the marine flagellate Cafeteria roenbergensis suggests high mobility of
virophages

Matthias Fischer?, Thomas Hackl?

IMax Planck Institute for Medical Research, Biomolecular Mechanisms, Heidelberg, Germany
2Massachusetts Institute of Technology, Department of Biology, Cambridge, MA, United States

Background: Virophages are DNA viruses of protists that depend on a coinfecting giant virus for their
replication, and can increase host survival in the presence of a lytic giant virus. The mavirus
virophage is able to integrate into the genome of its host, the marine protozoan Cafeteria
roenbergensis. A host protective role has been suggested for integrated mavirus virophages, but
conclusive data are missing.

Objectives: Prompted by the efficient host genome integration of mavirus, we addressed the
prevalence and diversity of endogenous virophages in natural populations of C. roenbergensis to gain
insight into host-virophage coevolution.

Methods: We sequenced and assembled the genomes of four C. roenbergensis strains using PacBio
and lllumina platforms and screened them for endogenous virophages.

Results: Each of the four flagellate genomes contained dozens of endogenous mavirus-like elements
(EMALEs), which comprise 1-2% of these genomes. We characterized in detail 32 complete EMALEs
that were flanked by terminally inverted repeats and characterized by significantly lower GC contents
(29-51%) than the host genome (70%). Some EMALEs were presumably intact, others displayed
fragmented genes. Some EMALEs were shared by several host strains, others were exclusive to a
given host genome. We found a slight integration site preference for repetitive genome regions,
although no conserved DNA sequence motif surrounding the EMALEs was identified. Nine of the 32
EMALEs were interrupted by tyrosine recombinase-encoding retrotransposons of the NGARO group.
Our results suggest a long-standing and highly dynamic interaction between mavirus-like virophages
and their protozoan hosts, with profound consequences for host genome architecture.
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0297 Viroids: how a minimal non-protein-coding RNA initiates disease in its natural host
Ricardo Flores?!, Beatriz Navarro?

Instituto de Biologia Molecular y Celular de Plantas (UPV-CSIC), Molecular and Evolutionary Virology,
Valéncia, Spain
2Institute for Sustainable Plant Protection (CNR), University of Bari, Italy

Background: Viroids are non-protein-coding RNAs of 246-434 nt infectious to certain plants wherein
they replicate in the nucleus (family Pospiviroidae) or in plastids (family Avsunviroidae). Viroids
appear very suitable systems to address the question of how viral and sub-viral agents initiate
disease.

Objectives: Plants react to viroids activating RNA interference (RNAI). Such defensive response has
been involved in pathogenesis, but whether it is the initial trigger, or just mediates intermediate-late
steps, remains unsolved. We have tackled this issue using peach latent mosaic viroid (PLMVd,
Avsunviroidae), some variants of which cause an extreme chlorosis (peach calico, PC) or a yellow
mosaic (PYM).

Methods: Starting from symptomatic and asymptomatic leaf sectors we have: i) cloned, sequenced
and bioassayed full-length PLMVd-cDNAs and analyzed their progeny, ii) deep-sequenced the RNAI-
derived PLMVd small RNAs (sRNAs), predicted bioinformatically their host mRNA targets, and verified
their cleavage at the expected positions by RNA ligase-mediated RACE and their lower accumulation
in symptomatic sectors by RT-qPCR.

Results: In contrast with PC, associated with a 12-13-nt insertion, PYM determinant maps at one
single nucleotide. Moreover, 21-nt PLMVd-sRNAs containing the PC-associated insertion and the sole
PYM change guide, respectively, cleavage of the mRNAs encoding the chloroplastic heat-shock
protein cHSP90 and a thylakoid translocase subunit, both required in chloroplast biogenesis. PLMVd-
sRNAs triggering PC and PYM have 5’-terminal Us, thus involving Argonaute 1 (with a major defensive
role in RNAI) in what likely are the primary alterations eliciting different chloroses, which thus appear
early and specific symptoms rather than late and non-specific effects.
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0298 Ensuring the enduring relevance of the International Code of Nomenclature of Prokaryotes
lain Sutcliffe!

INorthumbria Univeristy, Applied Sciences, Newcastle, United Kingdom

Background: Microbial systematics is at a cross-roads, with methods that have served well for half a
century challenged by disruptive technologies. The application of culture-independent methods for
characterisation of microbial communities has led to spectacular advances in our understanding of
the diversity and scale of microbial life. In contrast to the high volumes of data being generated
through such high throughput approached, the traditional ‘polyphasic’ taxonomic approach remains
labour intensive and low throughput.

Objectives: It seems inevitable that fundamental changes are needed to the framework within which
microbial taxonomists work.

Methods: There is a clear the need for the International Committee on Systematics of Prokaryotes to
provide effective leadership regarding the process for naming microbial taxa, as defined in the
International Code of Nomenclature of Prokaryotes (ICNP). It is necessary that research communities
beyond the relatively narrow field of microbial taxonomy are aware of the importance of sustaining
the historic success of the ICNP, which acts as a barrier to nomenclatural anarchy. To ensure this
success continues, it is vital that the ICNP is maintained as an accessible and functional ‘living
document’ that is fit for purpose.

Results: Addressing these challenge are also an opportunity: if handled well the fundamental
significance of taxonomy as a bedrock for disciplines such as microbial ecology can be restored. This
is important if we are to ensure that capable and energetic early career scientists are attracted into
the field.
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0299 Database-driven bacterial classification system for clinical and microbiome-related
microbiology

Jongsik Chun'

1Seoul National University & ChunlLab, Inc., School of Biological Sciences, Seoul, Korea, Rep. of South

Background: Prokaryotic taxonomy has benefited from the successful introduction of high-
throughput and cost-effective DNA sequencing technologies. Given the generally accepted consensus
on the species concept of prokaryotes, we have great opportunity to improve and facilitate the
current system of classification and nomenclature, which serves a crucial backbone for most
microbiological disciplines. The International Code of Nomenclature of Prokaryotes (ICNP) plays an
essential role in maintaining the integrity and stability with minimum requirements for validation of
taxonomic names. Even so, there are significant delays between the formal description of new taxa
and their usage in clinical and microbiome-related microbiology.

Objectives: To develop an integrated taxonomic database that reflects up-to-date prokaryotic
diversity in public genome databases

Methods: We used the genome-based identification system (www.truebacid.com) to recognize new
species hidden in public databases and assigned them as genomospecies with tentative names.

Results: One of the advantages of using genome-based identification scheme is to automatically
recognize new species with confidence given that there are type strain genome data with sufficient
taxonomic coverage. We have developed a database system (http://www.ezbiocloud.net) of
genome-based classification with tentative nomenclature that allows timely recognition of existing
diversity in various environments. This interactive and trackable system allows the large-scale
profiling and monitoring of microbiome and infectious diseases.
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0300 Genome -based characterization of taxa in Burkholderia sensu lato

Marike Palmer!, Emma Steenkamp?, Paulina Estrada de los Santos?, Juan Carlos Villalobos-Rocha?,
Euan James?, Stephanus Venter?!

LUniversity of Pretoria, Biochemistry, Genetics and Microbiology, Pretoria, South Africa

2Instituto Politécnico Nacional, Escuela Nacional de Ciencias Bioldgicas, Ciudad de México, Mexico
3Instituto Politécnico Nacional , Departamento de Microbiologia, Ciudad de México, Mexico

4The James Hutton Institute, Invergowrie, United Kingdom

Background: The bacterial group Burkholderia sensu lato, is a large and complex assemblage that
consists of members with a wide variety of lifestyles, ranging from pathogens through to beneficial
bacteria with immense biotechnological potential. Due to the diverse nature of its members, the
taxonomic standing of this group has recently been interrogated in multiple studies in order to
provide a more comprehensive and natural circumscription of the genera contained within this
group.

Objectives: As the description of these genera were mainly based on phylogenetic cohesion inferred
from limited data, a robust phylogeny from all shared genomic information was constructed for this
assemblage. We investigated the inferred phenotypic and biological traits, unique or shared among
the genera, which could support the current taxonomic classification of these lineages.

Methods: Shared gene sets for the larger Burkholderia sensu lato group was identified with the
EDGAR server and a super matrix approach was followed to construct a robust Maximum Likelihood
phylogeny. Genome comparisons were then performed to identify lineage specific genes and
functionally annotated with the aid of the Kyoto Encyclopedia of Genes and Genomes (KEGG)
database. This allowed for the reconstruction of metabolic pathways that were shared among some,
or unique to, the lineages representing genera within this group.

Results: Various characteristics associated with specific lifestyles was identified, e.g. the metabolism
of fungal compounds found in members of Mycetohabitans. It was also observed that some reactions
were performed by non-orthologous proteins between the different lineages, suggesting
homoplasious acquisition of these traits.
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0301 Bacterial taxonomy in the age of high throughput sequencing
Anne Willems!

1Ghent University, Dept. Biochemistry and Microbiology, Ghent, Belgium

Background: Over the years, bacterial systematics has evolved hand-in-hand with technological
developments from purely morphology and biochemistry-based taxonomy over polyphasic taxonomy
towards genome-based taxonomy. Where bacterial taxonomy traditionally was based on pure
cultures, with an important place for type strains, developments in sequencing technology now allow
direct assessment of genome diversity without cultivation. The wide application of 16S rRNA gene
sequencing in ecological studies of all kinds of environments in recent years has exposed the limits of
our current knowledge and revealed the extent of the challenge to document all prokaryotic diversity
which is dominated by the so-called microbial dark matter of uncultivated taxa.

Objectives: It is clear that current taxonomic practice to describe cultivated bacteria, already
including a genome sequence of type strains, but still requiring chemotaxonomic differentiation, is
not practical, nor appropriate to classify the enormous amount of uncultivated diversity that
sequencing studies are revealing. As a consequence several calls and proposals to move towards a
genome-based prokaryote taxonomy, for cultivated as well as uncultivated diversity, have been
published.

Methods: In this contribution the taxonomic challenges of microbial community-based ecological
surveys and cultivation-based prokaryote studies will be discussed using examples from our research
on various environmental microbiomes.

Results: The combination of these approaches represents new opportunities for powerful synergies
towards cultivating previously uncultured prokaryotes and experimentally documenting their
metabolic capacities and ecological significance.
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0302 First Contact: exploring the role of the early life microbiota

Lindsay Hall*

lQuadram Institute Bioscience, Norwich Research Park, Norwich, United Kingdom

The human microbiome has emerged as a central player in human health and wellbeing. Importantly,
‘first contact’ between microbes and their host represents a critical developmental window in which
the foundations for lifelong health are laid down. Indeed, it is now recognised that disturbing this
fledgling microbial ecosystem has both short- and long-term consequences such as increased risk of
infection and chronic inflammatory diseases. Thus, understanding the factors that modulate the
microbiome during the first stages of life, during pregnancy, and in infancy, is a key research focus. In
this WH Pierce Prize lecture | will discuss my career journey and how this has led to the labs current
research focus involving defining interactions of the gut microbiota with the host during the early life
developmental window. Specifically, | will cover our clinical work relating to beneficially modulating
the preterm infant microbiome, and our mechanistic studies using model systems to determine
mode-of-action for specific microbiota members (i.e. Bifidobacterium), with a key focus on
developing novel live biotherapeutics for improving human health.
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PMO001 L-Rhamnose metabolism in Clostridium beijerinckii strain DSM 6423
Mamou Diallo?, Andre Simons?, Servé Kengen?, Ana Lopez-Contreras!

1Food & Biobased Research, Biobased Research, Wageningen, Netherlands
2Wageningen University & Research, Department of Agrotechnology and Food Sciences, Wageningen,
Netherlands

Background: Macroalgae (or seaweeds) are considered potential biomass feedstocks for the
production of renewable fuels and chemicals. Their sugar composition is different from that of
lignocellulosic biomasses, and in green species, including Ulva lactuca, the major sugars are L-
rhamnose and D-glucose. C. beijerinckii DSM 6423 utilized these sugars in a U. lactuca hydrolysate to
produce acetic acid, butyric acid, isopropanol, butanol, and ethanol (IBE), and 1,2-propanediol. D-
Glucose was almost completely consumed in diluted hydrolysates, while L-rhamnose or D-xylose was
only partially utilized.

Objectives: In this study, the metabolism of L-rhamnose by C. beijerinckii DSM 6423 was investigated
to improve its utilization from natural resources.

Methods: Fermentations on D-glucose, L-rhamnose, and a mixture of D-glucose and L-rhamnose
were performed. Genome and transcriptomics analysis of D-glucose- and L-rhamnose-grown cells
were used to further study the L-rhamnose metabolism in C. beijerinckii DSM 6423.

Results: On L-rhamnose, the cultures showed low growth and sugar consumption and produced 1,2-
propanediol, propionic acid, and n-propanol in addition to acetic and butyric acids, whereas on D-
glucose, IBE was the major product. On a D-glucose—L-rhamnose mixture, both sugars were
converted simultaneously and L-rhamnose consumption was higher, leading to high levels of 1,2-
propanediol (78.4 mM), in addition to 59.4 mM butanol and 31.9 mM isopropanol. Genome and
transcriptomics analysis of D-glucose- and L-rhamnose-grown cells revealed the presence and
transcription of genes involved in L-rhamnose utilization but also in bacterial microcompartment
(BMC) formation.
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PMO003 A marine bacterium, bacillus sp. isolated from the sediment samples of algoa bay in south
africa produces a polysaccharide-bioflocculant

Ncedo Ntozonke?!, Uchecwukwo Nwodo?, anthony okoh!

LUniversity of Fort Hare, Biochemistry and Microbiology, Alice, South Africa

Background: Bioflocculants mediate the removal of suspended particles from solution. Apart from
the merits of biodegradability and harmlessness, bioflocculants could be viable as industrially
relevant flocculants as they are a renewable resource. Additionally, the shortcomings associated with
the conventionally used flocculants such as aluminium salts and acrylamide polymers, which include
dementia and cancer, highlight more the need to use bioflocculants as an alternative.

Objectives: The imperative of identifying bioflocculants has propelled the exploration of extreme
environments seeking microbial species with enhanced bioflocculant production potential and as
well with high flocculation efficiencies

Methods: In this study a marine sediment bacterial isolate was screened for bioflocculant
production. The identity of the strain was authenticated through Basic local alignment search tools
(BLAST) analysis of 16S ribosomal deoxyribonucleic acid (rDNA). Culture conditions and nutritional
requirements were optimized, and production of the bioflocculant by the bacterium was
characterized

Results: (BLAST) analysis of 16S rDNA) sequence of the bacterial isolate showed 98% similarity to
Bacillus thuringiensis MR-R1. The bacteria produced bioflocculant optimally with inoculum size (4%
v/v) (85%), glucose (85.65%) and mixed nitrogen source (urea, ammonium chloride and yeast extract)
(75.9%) and the divalent cation (Ca2+) (62.3%). Under optimal conditions, a maximum flocculating
activity of over 85% was attained after 60 h of cultivation. The purified polysaccharide-bioflocculant
flocculated optimally at alkaline pH 12 (81%), in the presence of Mn2+ (73%) and Ca2+ (72.8%). The
high flocculation activity shown indicates that the bioflocculant may contend favourably as an
alternative to the conventionally used flocculants in water treatment.
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PMO004 studies on anti-cancerous enzyme arginine deiminase isolated from pseudomonas
furukawaii

Rakhi Dhankhar?, Sanjay Kumar?, Pooja Gulatit

Maharshi Dayanand University, Rohtak, Haryana, India, Microbiology, Rohtak, India

Background: The rapid growth of tumors results in decreased expression of certain enzymes leading
to auxotrophy for some amino acids. This difference in metabolism is harnessed in amino acid
deprivation therapy (AADT) and the auxotrophic tumors are specifically targeted by amino acid
depleting enzymes like arginine deiminase (ADI).

Objectives: A robust ADI producing bacterium with higher activity at physiological conditions was
isolated and identified. Further production of native enzyme was optimized and ADI gene was cloned
and over-expressed in Escherichia coli for anticancer studies.

Methods: Enrichment method was used to isolate ADI producing bacteria from pond water and soil.
Qualitative and quantitative screening was performed. The best producer was identified by 16S
rRNA. ADI production was optimized using one-factor- at —a- time approach. The ADI gene (arcA) was
over-expressed in E. coli. rADI was purified and tested for anti-cancerous activity.

Results: Of the 143 isolates, Pseudomonas furukawaii was identified as the best ADI producer. A
three -fold increase in activity was observed after optimization. arcA gene (1251 bp) was cloned and
expressed in pET28 a(+) in E. coli BL21. His-tagged rADI (~ 46kda) was confirmed by western blotting.
rADI was purified using Ni>*-NTA chromatography and exhibited anti-cancer activity against HepG2
cell lines.

This study reported a novel source of ADI which can serve as a potential candidate for development
of more efficient and stable anti-cancerous drug.
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PMO0O05 Production of arsenic-binding siderophore heterobactin B in arsenic-stress conditions

Gerardo Retamal-Morales?, Ringo Schwabe?, Marika Mehnert?, Dirk Tischler®, Michael Schlomann?,
Gloria Levican?

1Universidad de Santiago de Chile, Biology, Santiago, Chile
2Freiberg University of Mining and Technology, Biosciences, Freiberg, Germany
3Ruhr-Universitét Bochum, Microbiology, Bochum, Germany

Background: Inorganic arsenic species are highly toxic pollutants produced by anthropogenic
sources, which generates an environmental problem in several countries including Chile and
Germany. Thus, a constant improvement in the current decontamination technologies is needed.
Rhodococcus erythropolis S43 is an arsenic-tolerant actinobacterium isolated from an arsenic
contaminated soil which has shown the capacity to produce arsenic-binding metabolites when
cultured in iron-depleted medium.

Objectives: Characterize the arsenic-binding siderophores produced by R. erythropolis S43 and
determine their participation against arsenic-stress.

Methods: To induce siderophore production the strain was cultured in iron-free M9 liquid media in
presence of sodium arsenite 937 uM, and tested using the colorimetric method CAS assay to
evaluate iron-chelating capacity of siderophores, the arsenic-binding capacity was determined using
As-,CAS assay, a modified version of the traditional CAS. The chemical characterization of the binding
compounds was carried out by HPLC, *H-NMR and LC-MS, while the expression of the siderophore
biosynthesis gene, htbG, was evaluated by RT-qPCR

Results: The strain S43 has a putative siderophore production cluster htbABCDEFGHIJK, previously
characterized for heterobactin production. The metabolites produced by S43 showed iron and
arsenic-binding capacity, achieving an activity equivalent to 10 mM of desferroxamine-B, while the
chemical characterization of the binding compounds showed the presence of the mixed-type
siderophore heterobactin B, which was responsible of the iron and arsenic-binding activity.
Additionally, a study of the transcript level of the gene htbG showed that arsenic-stress does not
affect its expression, therefore, the production of the arsenic-binding heterobactin B could be
independent of arsenic-tolerance.
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PMO006 Development and evaluation of bio-based stabilisers for potential use in unpaved road
construction and maintenance

Veshara Malapermal'?, Rajesh Lalloo?, Prisha Naicker!, Martin Mgangira 3, Samson Mukaratirwa?,

Santosh Ramchuran %2

I1CSIR, Biosciences, Pretoria, South Africa
2University of Kwazulu-Natal, Microbiology , Durban, South Africa
3CSIR Built Environment, Pretoria, South Africa

Background: The construction industry is exploring innovative opportunities involving biological
products to modify the structural properties of subsurface soil, in terms of strength, volume stability,
durability and permeability through novel engineering techniques. This is enabled by interdisciplinary
research at the confluence of biotechnology, civil engineering and geochemistry. An integrated
approach has the potential to meet society’s ever-expanding needs for innovative methods to
improve soil, develop new construction materials and enhance support for existing infrastructure.
Several microorganisms and other existing bio-based products such as secondary metabolites,
enzymes, endospores and extracellular polymeric substances have been considered as potential
alternatives to conventional chemical stabilisers for development of sustainable road infrastructure.
However, the primary challenge with this bio-based approach has been the isolation and selection of
appropriate microorganisms due to the lack of established medium to high throughput screening to
perform strength testing methodologies at bench scale.

Objectives: This study focused on evaluating an isolated Bacillus strain for use as a bio-stabiliser
using in-house developed in vitro miniaturised strength tests.

Methods: The miniaturised test equipment was successfully developed using computer-aided design
and 3D printing technologies which allowed various performance evaluations and validation trials to
be conducted on selected soil types and fly ash.

Results: Using these systems, biological components were rapidly evaluated to enable selection of
component types of a base case target Bacillus species. This study forms the basis for in vitro
selection methodology and the performance assessment to enable the development of improved
biological stabiliser products for application in the construction industry.
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1Het Waterlaboratorium N.V., Haarlem, Netherlands

Background: Various commercially available kits for extraction of nucleic acids (NA), based on
(bio)chemical or mechanical cell-disruption are applied during microbial profiling of drinking water by
NGS of 16S rRNA. NA extraction might affects the results and further standardisation is required for
microbial profiling of drinking water.

Objectives: Select optimal NA-extraction method for for NGS of 16S rRNA.

Methods: Samples: 2 | of drinking water, filtered over 0,22 pum polycarbonate filter, stored 24-h at
4°C. Internal control (IC, ZymoBIOMICS™ Microbial Community) and blank (NA-free water). DNA
extraction: chemical cell-disruption: Nuclisense (Biomerieux), Chemagic Bacteria DNA (Perkin Elmer)
Magcore (GCbiotech); mechanical cell-disruption: MOBIO DNeasy Powerbiofolim KIT (Qiagen). Each
NA-extraction kit is tested in triplicate. The extracted NA is kept at -20°C. Microbial profiling: v4
region of 16S rRNA (515F-806R or 515F-909R) sequenced on Illumina MiSeq sequencer (v2 Kit). Data
were analysed with MOTHUR (Schloss, Westcott et al. 2009).

Results: A total of 988 OTU’s were detected in drinking water. 605 OTU’s were common for all
extraction methods. OTU’s with abundance above 0,3% represented 79-82% of the community and
were common regardless the cell-disruption type. Mechanical cell-disruption resulted in highest
number of OTU’s (649, rel. error 2%) with 44 exclusive OTU’s at abundance 0,03-0,25%. Relative
abundance of gram-positive genera in IC (Lysteria and Enterococcus) was lower for chemical than for
mechanical cell-disruption. DNA extraction method affects the results of microbial profiling at lower
abundance level for the OTU’s <0,3%. Mechanical cell-disruption provides better NA yields for all
microorganisms when compared to chemical cell-disruption.
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PMO008 The membranous mechanisms of antibacterial effects of iron oxide nanoparticles
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Background: Nanoparticles (NPs) can be used as antibacterial agents, as they show antimicrobial
activity against different pathogens. However, growth inhibition and mechanisms of these effects
have to be studied.

Objectives: The effects of iron-oxide NPs on the growth and membrane properties such as
membrane proton (H*) conductance, H*-flux through membrane, and the FoF;-ATPase activity in
Gram-negative Escherichia coli two strains K-12 and BW25113 have been investigated.

Methods: Iron-oxide NPs (average size of 10.64+4.73 nm) in a concentration 50-250 pg/mL were
added into the growth medium. H* conductance was evaluated by so-called “acid pulse” technique;
the H*-flux was measured using selective electrode; the ATPase activity was determined by amount
of inorganic phosphate liberated after adding ATP to membrane vesicles.

Results: NPs showed inhibitory effects on the bacterial growth; E. coli K-12 showed more sensitivity
than BW25113. NP’s antimicrobial activity was also revealed in a decrease of the colony forming
units. NPs at concentration of 100 pg/mL increased the H* conductance by ~1.5-fold, at the same
time decreased the energy-dependent H*-fluxes in E. coli both strains (~2.0-fold in K-12). H*-fluxes
were also decreased in the presence of N,N'-dicyclohexylcarbodiimide (DCCD), inhibitor of the FoF;-
ATPase, which might be a target for NPs. ATPase activity has been increased by addition of NPs even
in the presence of DCCD. The antibacterial activity of iron-oxide NPs is a result of their interaction
with bacterial membranes, causing membrane damage and inactivation of bacteria. In this case iron-
oxide NPs can be promising antibacterial agents for biomedical applications.
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Background: Antibiotic resistance and nosocomial infections are a big concern in public health
worldwide. Staphylococcus aureus and Enterococcus faecalis are two important pathogens
associated with nosocomial infections. In 2017, the WHO published a list of bacteria for which new
antibiotics are urgently needed, which included both bacteria in the highest priority group among
gram positive bacteria. Corryocactus brevistylus, is a peruvian cactacea with antioxidant properties
that grows in the Andes, however, its antibacterial effect has not been studied yet.

Objectives: To determine the antibacterial effect of the methanol extract of the Corryocactus
brevistylus fruit (Sanky) against Staphylococcus aureus (ATCC 12598) and Enterococcus faecalis (ATCC
29212).

Methods: The fruits of Corryocactus brevistylus were pulverized, soaked with methanol (1:2, w/v)
and stored for 7 days. The antibacterial effect against Staphylococcus aureus and Enterococcus
faecalis were evaluated using the cup-plate agar diffusion method by preparing wells with the
experimental solutions cultivated in aerobic conditions for 24 h at 37 °C .. Six independent tests were
performed for each type of bacteria, using penicillin as positive control. The MIC was determined
using the microdilution method as described by the CLSI.

Results: Antibacterial effect of the methanol extract was observed with inhibition halos of 23.33 +
0.72 mm and 24.34 + 0.55 mm against Staphylococcus aureus and Enterococcus faecalis, respectively.
Meanwhile, penicillin (10 U) showed an inhibition halo of 30.92 mm. The minimum inhibitory
concentration of the fruit extract was 831.25 mg/mL for Staphylococcus aureus and 207.81 mg/mL
for Enterococcus faecalis.
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PMO010 An enzymatic process to produce wide diversity inulin-type microbial
fructooligosaccharides
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Background: Inulin and fructooligosaccharides (FOS) have health effects and physicochemical
properties that make them food additives with growing demand. These compounds can be found in
15% of plants with flower but also are produced by a wide diversity of bacteria; nevertheless, the
market is covered almost completely by extracts from plants. Our group has isolated and
characterized several microorganisms and enzymes capable to synthesize inulin and/or FOS from
sucrose, among them, the Leuconostoc citreum CW28 strain from pozol, a non-alcoholic fermented
corn beverage of mayan origin

Objectives: We explore the application of inulosucrase (IslA) from Leuconostoc citreum CW?28,
capable to produce high molecular weight inulin (average MW 2600 KDa) together with a commercial
endoinulinase (Novozym 960) from Aspergillus niger for sequential or simultaneous reaction to
synthesize fructooligosaccharides from sucrose

Methods: Whole Leuconostoc citreum CW28 freeze dried cells were used as enzymes with sucrose as
substrate in sequential and simultaneous reactions with endoinulinase at several ratios and the
products profile were analyzed looking for the higher substrate conversion and wider FOS variety

Results: The simultaneous reaction resulted in a higher substrate conversion and a wide variety of
FOS as compared to a sequential reaction or the hydrolysis of chicory inulin with endoinulinases. A
proteomic analysis of the endoinulinase preparation revealed an additional enzymatic activity, as
besides endoinulinase, a fructosyltransferase responsible for the synthesis of FOS from sucrose is
present. Consequently, the range of products obtained in reactions combining inulosucrase,
fructosyltransferase and endoinulinase with sucrose as substrate may be extended and regulated
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PMO11 Investigating the potential of the plant growth promoting isolate Pantoea
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Background: Irrigation of cropped plants changes the distribution and bioavailability of metals in soil.
Fluctuations in metals levels, particularly elevated levels, negatively affect plant development from
germination through to plant maturation, flowering and seed production (reduced seed quality and
guantity). The presence of microbes in the soils of irrigated cropped plants may help buffer the
fluctuations in metal levels and offer a safeguard for plants from elevated levels.

Objectives: The research presented here, investigates if the soil isolate Pantoea agglomerans DUS1-2
can reduce metal toxicity for Brassica napus L. (canola) exposed to deleterious levels of As, Cd, Co,
Cu, Fe, Mn, Ni and Zn.

Methods: Inductively coupled plasma mass spectrometry (ICP-MS), quantitative real-time PCR (gRT-
PCR), liquid chromatography mass spectrometry (LC-MS), gas chromatography mass spectrometry
(GC-MS), and flow cytometry were used to determine the potential for soil microbes to protect
cropped plants from elevated soil metal levels.

Results: The metal uptake and stress response mechanisms at the cellular and molecular levels of
both plants and bacteria individually and when co-cultured under the different metal treatments
were assessed and the effects of inoculation on reducing the plant stress determined. Ultimately,
understanding how soil microbes can influence metal bioavailability and reduce stress towards
cropped plants is key to the development of targeted microbial inoculants that may increase plant
yields and reduce cultivation costs under these conditions.
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Background: Bacterial diseases outbreaks are a major constraint in aquaculture, an industry
responsible for more than 50% of global seafood consumption. Their emergence is also associated
with a misuse of antibiotics, posing serious threats to public health. One promising disease-
preventive strategy is the use of probiotics. Bacillus species are the most attractive probiotics for
aquaculture due to their endosporeforming nature, important for industry, and their production of
natural antimicrobial compounds(NACs) capable of antagonizing pathogens growth, biofilm
formation and communication.

Objectives: Isolate and characterize different Bacillus spp. from the gut of aquaculture fish, capable
of producing NACs antagonistic of fish bacterial diseases.

Methods: Heat-treated intestinal contents of Sparus aurata, Diplodus sargus, and Dicentrarchus
labrax were used to obtain the gut sporeforming community. All isolates were screened for
antimicrobial, anti-biofilm and anti-quorum-sensing activities, using established protocols.
Significance of inhibition was evaluated by repeated measures ANOVA or 1-way ANOVA.

Results: A total of 176 isolates representing different colony morphologies and samples were
obtained. Screening for NACs production revealed that 52% displayed antimicrobial activity. By
characterizing the localization of the inhibitory molecules, the cell-free supernatants of three isolates
(identified as B.subtilis by 16S rRNA sequencing), significantly (p<0.05) inhibited the growth and
biofilm formation of several Aeromonas, Vibrio, Photobacterium, Tenacibaculum, Edwardsiella and
Shigella species. Moreover, the three isolates produced compounds capable of interfering with acyl-
homoserine-lactone signals, used in Gram- bacteria communication. These strains are being further
studied to be used as future probiotics or source of bioactive molecules as tools to prevent
aquaculture fish diseases.
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Background: Widespread pathogenic microorganisms that are become more and more multi-
resistant to all known antibiotics stimulate an intensive search and isolation from the environment of
new efficient producers of antimicrobial agents. Representatives of the genus Lysobacter are known
for their bacteriolytic properties. The focus of our research is L.capsic whose antimicrobial properties
remain not fully understood studied yet.

Objectives: The study of the L. capsici lytic potential

Methods: Protein purification by FPLC, ultracentrifugation, MALDI-TOF, assays of bacteriolytic
activity

Results: The ability of L. capsici to form vesicles was established. The vesicles demonstrated a wide
spectrum of bacteriolytic activity against living opportunistic Gram-positive bacteria of the genera
Micrococcus, Bacillus, Corynebacterium and Staphylococcus. It was found out that the culture liquid
of L. capsici was efficient also against mycelial opportunistic fungi of the genera Fusarium, Sclerotinia,
Aspergilus, as well as the yeasts Saccharomyces and Candida. It was of interest that the antifungal
activity was localized in the vesicles.

For the first time, the B-lytic protease was purified from L. capsici culture liquid. The therapeutic
effect of B-lytic protease was investigated in the case of staphylococcal sepsis (infection caused by S.
aureus 55 MRSA) that was modeled in outbred white mice. It was found out that the intraperitoneal
injection of B-lytic protease cleaned the surface of the mice kidneys from Staphylococcus.

The obtained results are promising for the further development of highly effective new generations
of anti-staphylococcus drugs.
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Background: Antibiotic resistance is rising to dangerous levels. New resistance mechanisms are
reported every year, threatening the ability to control infectious diseases with available antimicrobial
therapies. The characterization of the antibiotic resistance gene pool is therefore crutial for an
accurate monitoring and control of high resistant bacteria.

Objectives: The objective of this study was to identify the genes associated with the production of
carbapenemases, extended-spectrum B-lactamases (ESBL) and/or AmpC B-lactamases in a collection
of gram-negative isolates from a central hospital in the northern region of Portugal.

Methods: Primers to amplify clinically relevant resistance genes were selected from the literature:
blaKPC, blalMP, blaVIM, blaOXA-48, blaOXA-23, blaNDM, blaSHV, blaTEM, blaCTX-M, blaCMY-2 and
blaDHA. Two multiplex PCR sets were designed for the detection of carbapenemases, one for the
ESBL and one for the AmpC B-lactamases. All assays were validated using 22 control strains
containing characterized resistance genes. Subsequently, a set of 52 clinical isolates with antibiotic
resistance were evaluated.

Results: PCR screening identified 13 (25.0%) isolates positives for carbapenemases genes. Of those, 4
(7.7%), including three Klebsiella pneumoniae and one Escherichia coli, were positive for blaKPC and
9 (17.3%) Acinetobacter baumannii were positive for blaOXA-23. ESBL genes were the most
prevalent: 14 (26.9%) isolates were positive for blaSHV, 17 (32.7%) for blaCTX-M and 15 (28.8%) for
blaTEM. For AmpC B-lactamases only 7 Enterobacteriaceae isolates were found positive for b/laCMY-2
or blaDHA. Fourteen (26.9%) isolates did not contain any of the tested genes and 18 (34.6%) isolates
contained two or more resistance genes.
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Background: Microbial infections caused by bacteria have become a growing threat to public health
worldwide. The excessive use of antibiotics to treat bacterial infection has led to the emergence of
multidrug-resistant strains. Hence, the growing problem of microbial infections call for the
development of new methods for the detection and specific inhibition of such pathogenic bacteria.

Objectives: To evaluate the potential activity of specific peptides associated with Shigella flexneri and
Salmonella enteritidis which are the most prevalent bacterial foodborn pathogen for detection and
growth inhibition.

Methods: We selected, from a Ph.D.-12 peptide library, peptides capable of specific binding to outer
membrane protein of S. flexneri and S. enteritidis. The bacteria-binding properties of selected
peptides to interact specifically with each strains were identified by using fluorescence image
analysis. The specific inhibition activities of peptide were also estimated by measuring the growth
curve of bacterial cells at OD 600 nm.

Results: After three rounds of panning, two specific peptides, which revealed common peptide
(MHPNAGHGSLMR) and Salmonella-specific peptide (SSTLLNVVPKLH), were selected that exhibited
higher binding affinities and specificity for S. flexneri and S. enteritidis. It was indirectly confirmed
that each of the peptides adhered to the cell surface by immunofluorescence. Due to that, two
peptides, common and Salmonella-specific, inhibited the growth of S. flexneri and S. enteritidis,
respectively. This research was supported by Basic Science Research Program through the National
Research Foundation of Korea(NRF) funded by the Ministry of Science, ICT & Future
Planning(2017R1A2B4009775)
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Background: The lysosomes derived from Saccharomyces cerevisiae are an intracellular organelle
with an acidic lumen. Daunorubicin is widely used in the treatment of acute myeloid leukemia.
Daunorubicin, weakly basic anticancer drug, is sequestered in the lysosomal compartment via a pH
partitioning mechanism.

Objectives: We have studied how to encapsulate daunorubicin into lysosomes as drug delivery
vehicles. We have optimized the time and concentration to encapsulate the drug. The retention time
and the anticancer effect were evaluated. Therefore, lysosomal encapsulation method can be
established, and it can lead to the application of the use of S. cerevisiae-derived lysosomes as drug
delivery vehicles.

Methods: Recombinant S. cerevisiae harboring dominant-negative gene of YPT7 was constructed to
control the size of lysosomes. The daunorubicin was loaded by mixing with lysosomes, depending on
times and concentrations based on pH gradients. In addition, the loading efficiency and retention
time of drugs on lysosomes were evaluated using fluorescence. Finally, daunorubicin encapsulated
lysosomes were treated in HL60 cell line.

Results: We found that the size of the lysosomes was controlled. The appropriate time and
concentration of daunorubicin for encapsulation on lysosomes were optimized with 3hrs and 40pg,
respectively. In addition, we found that daunorubicin encapsulated lysosomes have shown the
enhanced cytotoxicity against HL60. Therefore, in this study, it suggests that S. cerevisiae-derived
lysosomes can be used as a drug delivery vehicle. This work was carried out with the support of
“Cooperative Research Program for agriculture Science & Technology Development (Project No:
PJ01267701)’ Rural Development Administration, Republic of Korea.
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Background: Melanin is the most important factor to determine skin color. Currently developed skin
whitening cosmetics have function for inhibiting melanin synthesis. However, these products take a
long time to be effective and are not effective for hyperpigmentation. It was thought that the
organelle which contain hydrolytic enzymes that can break down many kinds of biomolecules,
lysosome can decompose produced melanin.

Objectives: we have tried to confirm the potential activity of lysosomal-related organelle extract
(LOE) from Saccharomyces cerevisiae as novel materials for reducing color intensity of already
produced melanin in skin. In addition, glutathione peroxidase (GPX) was selected to analyze the
activity for melanin color reduction as a representative enzyme among LOE from S. cerevisiae.

Methods: The LOE was used to treat 100 ppm melanin solution, and the melanin residues treated
with LOE were determined by absorbance at 450 nm. S. cerevisiae was constructed to highly express
GPX tagged with green fluorescence protein.

Results: we found that the color intensity of melanin was reduced by LOE from S. cerevisiae. In
addition, LOE via GPX overexpression was shown to enhance the activity of melanin color reduction.
Therefore, peroxidase, which functioned to reduce melanin color, was mostly important to be
maintained in LOE. These results provide insights into the regulation of LOE as new cosmetic
materials to reduce the color intensity of melanin. This work was carried out with the support of
“Cooperative Research Program for agriculture Science & Technology Development (Project No:
PJ01267701)’ Rural Development Administration, Republic of Korea.
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promoting agents for development of suitable biofertilizer
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Background: The rampant usage of pesticides and chemical fertilizers to increase crop yield has led
to severe environmental degeneration. To combat this synthetic chemical menace, sustainable
agriculture must be employed. Therefore, exploring plant-microbe interactions could be an effective
strategy for enhancing crop productivity. Endophytes are microorganisms that colonize within host
plant tissues and aid in plant growth promotion (PGP) in different crops.

Objectives: The present study aims to address the following key questions in the domain of rice
endophyte research: (i) How do endophytes influence the fitness of host plants? (ii) How do plants
respond to single inoculations with endophytic bacterial strains upon seed priming with regard to
PGP-characteristics?

Methods: Seed-borne endophytic bacteria were isolated from in vitro-grown calluses of selected
aromatic rice cultivars Kalonunia and Dehradun Basmati, assayed for various PGP traits, and the PGP
effect rendered by them on the host plant rice was investigated.

Results: Nine endophytic bacteria were isolated and identified through 16S rRNA gene sequence
analysis. Out of nine endophytic bacteria, two Pseudomonas sp. exhibited all PGP traits tested. The
endophytic Pseudomonas sp. PB002 and Pseudomonas sp. PB0O06 tested positive for nitrogen
fixation, phosphate solubilization, phytohormone production and ACC deaminase activity. Further,
single inoculations with these isolates on rice seeds revealed an increase in shoot length, fresh and
dry weights, and chlorophyll content of the seedlings, in comparison to the uninoculated control set.
Our findings indicate that the selected endophytic bacteria could be used for development of
suitable biofertilizer consortia to improve rice crop productivity.
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broad spectrum antifungal activity of endophytic Geotrichum candidum PF005
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Background: An endophytic yeast-like fungal strain of Geotrichum candidum PFOOQ5 isolated from
eggplant fruit, was found to emit fruity scented antifungal volatile organic compounds (VOCs),
primarily comprising of acetate esters. Alcohol acetyltransferases (AATs) are a group of enzymes that
catalyze the formation of esters from alcohol and acetyl-CoA. However, these enzymes are not well
characterized with regard to synthesis of antifungal compounds.

Objectives: The present study aims to explore the broad spectrum antifungal activity of Geotrichum
candidum PFO05 against stored grain pathogens and to evaluate the role of putative AAT from PFO05
(GCAAT) in generation of antifungal VOCs.

Methods: Dual plate assay was conducted for evaluation of antifungal activity. Microscopy studies
and TBARS assay were conducted to study the effect of VOCs on pathogen. GCAAT was cloned and
characterized using southern hybridization, transcriptional profiling, heterologous expression in AAT
knockout strain of S. cereviciae and confocal microscopy. Bioinformatics study was conducted for
functional and structural predictions.

Results: PFO05 was found to exhibit antifungal activity against ten out of twenty-two stored grain
pathogens tested. The VOCs exhibited adverse effects on pathogen morphology, chitin distribution
and generated oxidative stress in them. Ester precursor feeding resulted in increased transcript level
of GCAAT in PFO05. GCAAT was expressed in AAT knockout strain of S. cereviciae, which exhibited
higher antifungal activity than untransformed control. Our results documented that GCAAT is a
potentially important enzyme in antifungal ester production. Manipulation of GCAAT in heterologous
or endogenous yeast system could be employed for mycofumigation of stored grain pathogens.
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Background: Staphylococcus aureus is one of the major foodborne pathogens that produces variety
of extracellular toxins. Epigallocatechin gallate (EGCg), a type of polyphenol abundant in green tea,
show the strong antibacterial activity against gram-positive bacteria.

Objectives: This study investigated the effect of EGCg on gene expression of S. aureus to clarify its
mechanism of antibacterial action.

Methods: Microarray analysis was performed on S. aureus treated with and without 500 mg/L EGCg.
The transcription changed genes by the treatment were identified and their changes in transcription
level were confirmed by Real-Time gqPCR. Moreover, the effects of EGCg on the function of genes
with increased transcription was investigated by measuring gluconate uptake of S. aureus. The effect
of EGCg on production of Staphylococcus enterotoxins were also investigated by measuring the
amount of toxins using reversed passive latex agglutination (RPLA) method.

Results: Microarray analysis revealed that EGCg treatment of S. aureus resulted in increased and
decreased transcription of 75 and 72 genes, respectively. Among them, genes related to the
membrane transport which transcription increased more than 2-fold changes are gntP, gntK, rumA,
SAOUHSC 02723, SAOUHSC 01311, and SAOUHSC 02099. The observation of gluconate uptake of
EGCg-treated cells suggested that EGCg inhibited uptake of substrates for energy production. It
seems that the cells treated with EGCg require more energy for recovery. Moreover, enterotoxin
production was reduced in the presence of EGCg and completely inhibited at 500 mg/L. EGCg is one
of the promising natural antibacterial agents since it inhibits growth of S. aureus and production of
enterotoxin.
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Background: Chlorinated hydrocarbons are widespread contaminants in groundwater and subsurface
ecosystems, thereby reflecting their massive use as industrial solvents in the last decades. Their
hydrophobicity has led to their accumulation and persistence in aquifers, while their toxicity and
potential carcinogenicity pose serious risks to human health and environment. However, microbial
chlorinated hydrocarbon degradation can occur naturally in situ.

Objectives:The project BioDissPOL (microbial biomarkers: applicability for diagnosis and monitoring
of polluted sites) addresses how dissipation of chlorinated hydrocarbons is linked with microbial
community composition and relative abundance of selected functional genes, with the aim to
develop a widely accepted framework to monitor bioremediation at contaminated sites.

Methods: We collected and analyzed groundwater from 12 piezometers at a multi-polluted site in
France, at the source, in the plume and its fringes. Taxonomical and functional microbial community
profiles were obtained from analysis of extracted DNA by shotgun and amplicon metagenomics
approaches (lllumina MiSeq). In parallel, we developed a dedicated reference database of functional
genes involved in biodegradation of chlorinated hydrocarbons.

Results: Results show that functional gene frequencies depend on piezometer origin with highest
level in the plume and minus level in the fringes. Those results fit with expected bioremediation
pattern by natural microbial communities. They also highlight that evaluation of chloroethene
biodegradation using DNA-based approaches provides valuable information, such as functional genes
distribution and taxonomical composition of the bacterial communities, for implementation of
bioremediation strategies at contaminated industrial sites.
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Background: Antimicrobial resistance is a public health problem. Drug resistance is a common
phenomenon that occurs in the treatment of cancer. There is a concerted global effort to identify
new molecules with antibacterial and/or antitumor properties.

Objectives: aim of this study was to describe the synthesis of three novel aromatic surfactants: C8,
C18, and NOBA. We then evaluated their antimicrobial and cytotoxic activities.

Methods: Ether formation was performed via Williamson syntheses. Antimicrobial activity was
evaluated with a broth culture dilution method according to CLSI. Bacterial strains were: Escherichia
coli ATCC 25922, Staphylococcus aureus ATCC 6538, and Pseudomonas aeruginosa ATCC 14502.
Shigella flexneri INISA 01 was also used and was nosocomial and resistant to multiple antibiotics. The
hemolytic activity in red blood cells was assessed with the hemoglobin release assay according to
Palermo and Kuroda.

The cytotoxicity was assessed according to Fronza et al. (2011) with modifications. Three tumor cell
lines were used to test the cytotoxic activity of the new compounds: HelLa (human cervix carcinoma),
NCH82 (human glioblastoma), and MCF7 (human breast adenocarcinoma). Vero (green monkey
kidney) and L929 (mouse fibroblast) lines were used as normal cell controls.

Results: The three aromatic derivatives showed antibacterial activity against one of the four
microorganisms. The effects of C8 and NOBA were observed in Hela cells (human cervix carcinoma).
Other controls include Vero (green monkey kidney cell line) and L929 (mouse fibroblast cell line) as
controls of normal cell lines; cytotoxic effects were observed with an IC50 value higher than CPT.
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PMO023 The effect of yeast cultures on the microbial composition and fermented cocoa volatile
compounds

Jatziri Mota Gutierrez?, Cristian Botta?, llario Ferrocino!, Manuela Giordano?, Luca Cocolin®

LUniversity of Turin, Department of Agricultural, Forestry and Food Science, Grugliasco, Italy

Background: Starter cultures are generally used to control microbial communities and thus, aromatic
profiles. The purpose of this study is to provide new insights into the development of microbial
volatile compounds (mVOCs) formed at the beginning of the cocoa fermentation and proposed a
correlation analysis to understand their interactions with microbial communities.

Objectives: Therefore, the aim of the present work is to assess the effect of yeast starter cultures
used on two different type of fermentations (box and heap) on the microbial composition and
mVOCs.

Methods: In this study, we performed a chemical, microbiological and targeting analysis sequences
on fermented Forastero hybrid cocoa beans originated from Cameroon. This cocoa mass was
inoculated with Saccharomyces cerevisiae (ID67) and a mixed culture of S. cerevisiae and Torulaspora
delbrueckii strain (ID103) in a radio 1:1 at 10’ CFU g*. In addition, spontaneous fermentations were
also carried out as control.

Results: Our results showed that yeast cultures modulated the microbial ecology, especially
Hanseniaspora, Lactobacillus plantarum, Lactobacillus fermentum and Acetobacter pasteurianus at
the beginning of the cocoa fermentation and the volatilome profile. However, this effect is
dependent on the type of fermentation used and environmental conditions. In addition, the
correlation dataset showed a significant different association between mVOCs and mycobiota, this
information confirms the complexity of the aroma production by microbial communities in
fermented cocoa beans. Special attention is paid to find a suitable starter culture for fermented
cocoa beans to produce more aromatic chocolate.
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PMO024 PilVax- A novel peptide carrier for the development of vaccines against tuberculosis
Sam Blanchett?, Jacelyn Loh?, Thomas Proft!
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Background: PilVax is a peptide delivery strategy for the generation of highly specific mucosal
immune responses. The food-grade bacterium Lactococcus lactis is used to express selected peptides
engineered within the Group A Streptococcal pilus, allowing for peptide amplification, stabilisation,
and enhanced immunogenicity.

Objectives: The present study aims to demonstrate the suitability of PilVax for the generation of
novel peptide vaccines against tuberculosis caused by the bacterium Mycobacterium tuberculosis (M.
tuberculosis).

Methods: Selected peptides (B cell and T cell epitopes), derived from tuberculosis vaccine targets
ESAT-6 and Ag85B, were genetically engineered into loop regions of the pilus backbone subunit and
expressed in L. lactis. Western blots and flow cytometry confirmed pilus formation on L. lactis. Mice
were vaccinated with the PilVax-Ag85B construct and the B cell responses analysed by ELISA while T
cell responses were analysed by flow cytometry.

Results: Vaccination with PilVax-Ag85B resulted in peptide-specific humoral and cellular responses.
High serum antibody titres of IgG and IgA show the ability to produce antibodies against the cognate
peptide. However, it remains to be seen whether these antibodies are protective.

Significant Ag85B peptide specific CD4+ T cell responses were observed that were similar to those
seen in BCG immunised mice. We are currently investigating humoral, cellular and cytokine
responses in mice vaccinated with PilVax-Ag85B and three PilVax-ESAT-6 constructs (each expressing
a different peptide). Future studies include challenge of PilVax-vaccinated mice with M. tuberculosis.
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PMO025 Proteomic investigation of the light induced stress response in the purple non sulphur
bacterium Rhodospirillum rubrum
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Background: Our lab investigated the acclimatisation occurring after multiple cultivations of Rs.
rubrum, a Purple Non-Sulphur Bacterium (PNSB) assimilating a broad range of carbon sources
including Volatile Fatty Acids (VFAs), on acetate characterised by the amplification of a 60-kb genome
fragment containing genes coding for key enzymes of the ethylmalonyl-CoA pathway. In addition,
due to the reduced lag phase, this adapted strain, named “acetate competent strain”, is of great
interest for biotechnological processes.

Objectives: We attempt to fully characterise this new strain and to deeply understand the link
between EMC pathway, the reduced lag phase and the HCOs; dependence of Rhodospirillum rubrum
growth in presence of acetic acid

Methods: Rs. Rubrum WT and the new acetate competent strain were cultivated in presence of
acetic acid and the light intensity was switched from 50 to 150 pmol of photon/m?s. We used
unlabelled relative quantification comparative proteomic analyses as well as bioinformatic tools such
as protein theoritical network and heatmap to first investigate Rs. Rubrum response to this new
parameter.

Results: Data demonstrated that high light intensity deeply impact the photosynthesis and pigment
metabolism as well as the redox homeostasis indicating that light intensity increase has induced an
intracellular redox stress. Furthermore, the light regime also influences the central carbon
metabolism of Rhodospirillum rubrum. Whereas the response of the wild type strain is mainly
characterised by the higher abundance of thioredoxin, glutathione and other detoxification proteins,
the acetate competent strain showed outstanding resistance indicating the EMC pathway constitutes
an electron sink.
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PMO026 Development of self-healing biocement: preliminary studies

Christine Spencer?, Henrik Sass?

ICardiff University, School of Engineering, Cardiff, United Kingdom
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Background: Microbially induced calcium carbonate precipitation (MICP) has been attracting growing

interest in respect of its potential use for ground improvement by the process of biocementation.

Recent studies have demonstrated the potential of MICP to enable self-healing, through the injection

of nutrients and precursor chemicals into degraded biocement.

Objectives: The focus of this three-year research project will be to develop a truly autonomous self-

healing process, by facilitating the supply of nutrients and precursor chemicals from within the
biocement matrix, to improve the durability and sustainability of geotechnical structures.

Methods: The potential of carrier materials for the effective immobilisation and release of the
nutrients and precursor chemicals required for MICP has been explored. A preliminary study has
subsequently been undertaken utilising expanded perlite, within a biocement produced using
Sporosarcina ureae. Calcium production during the biocementation process has been determined
using ICP-OES.

Results: This paper presents the results from preliminary investigations. Results obtained
demonstrate that diatomaceous earth, expanded perlite and natural fibres such as jute have the
potential to be utilised for the immobilisation and supply of the required nutrients and precursor
chemicals to enable MICP. This combined with the proven spore forming ability of Sporosarcina
ureae, indicates that in principal autonomous self-healing of biocement can be achieved.
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Background: Fungal development inside buildings can cause deterioration of building materials and
affect the health of building occupants. Fungi can acquire nutrients using extracellular enzymes by
breaking down natural or artificial complex polymers. Therefore, when developing a new polymer-
based building material, it is important to study its fungal biodegradability.

Objectives: Phase change materials (PCMs) are used to passively regulate the interior temperature of
buildings. The solid-solid PCMs consist of a cross-linked semi-crystalline polymer which undergoes a
crystalline-amorphous thermochemical transition while maintaining its solid state. In the present
study, the fungal biodegradability of an innovative solid-solid PCM based on polyurethane was
tested.

Methods: The powdered MCP was introduced into supercooled agar media, the whole being then
poured into a round petri dish. Four types of media were used: agar 1.5%, agar 1.5% + MCPs 5%, agar
1.5% + malt extract agar 0.5%, agar 1.5% + malt extract agar 0.5% + MCPs 5%. A calibrated fragment
of mycelium from 5 days fungal preculture was deposited in the centre of each test culture medium.
Fungal growth at 23 ° C was monitored by measuring fungal mycelium radius over a 23 days-period.
Six mould strains belonging to the genera Aspergillus, Penicillium, Cladosporium, Trichoderma,
Aureobasidium, and Mucor were tested.

Results: The MCP tested had no impact on the growth of Aspergillus, Trichoderma, Aureobasidium,
and Mucor. The growth of Penicillium and Cladosporium was increased in the presence of MCP.
Infrared spectroscopy analysis is in progress to study the biodegradation process of this MCP.
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PMO028 Use of Fluorescence Foldscope as an effective tool for detection of biofilm formation
in Pseudomonas aeruginosa
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Background: Pseudomonas aeruginosa, an opportunistic pathogenic bacterium has biofilm forming
ability, and can evade immune response and antimicrobial chemotherapy. There are several methods
available for detecting biofilms which require sophisticated instrumentation and expertise. The
present study used an improvised device, “fluorescence foldscope”-an origami based fluorescence
microscope as an easy and effective tool to detect biofilm formation.

Objectives: To detect biofilm formation in clinical isolates of Pseudomonas aeruginosa using
fluorescence foldscope.

Methods: Three representatives of Pseudomonas aeruginosa of clinical origin CD1,CD2 and
CD3(carrying no bla genes, blacrx-m-1s, blanom-1 respectively) and reference strains PAO1 and
ATCC27853 were taken for the study; cultured in LB broth without and with carbapenem &
cephalosporin; diluted to 1:100 in LB;seeded with sterile glass slides at 90° angle and incubated for 5
consecutive days. The foldscope was improvised to detect fluorescence with the help of
filter(excitation and emission) and blue LED and the slides were observed under it. The biofilm
forming capacity was further validated with conventional methods.

Results: CD1 and CD2 formed biofilm as they emitted significant amount of fluorescence both at
normal and subinhibitory carbapenem and cephalosporin pressure, maximum fluorescence being
observed between 48 and 72 hours respectively, whereas no significant fluorescence was observed
in CD3. The results were supported by conventional methods. The study came up with a very simple
paper based microscopic method which can detect biofilm formation. Fluorescence foldscope, hence,
will prove to be a potential cost effective and reliable tool for early diagnosis in clinical settings with
limited resources.
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Background: Correct identification of human epithelial materials such as from skin, saliva and vaginal
origin is relevant in forensic casework, providing crucial information for crime reconstruction.
However, their overlap in human cell type composition provides challenges when using human cell
biomarkers, while the microbiota composition of these three tissue types largely differs.

Objectives: We introduce a novel taxonomy-independent deep learning microbiome approach for
tissue-type classification of human epithelial materials.

Methods: 50 taxonomy-independent deep learning networks were trained using validated 16S rRNA
gene sequencing data from the Human Microbiome Project of 1,636 skin, oral and vaginal samples to
classify these three tissues. Validation testing was performed in newly-generated 16S rRNA gene
sequencing data using the lon Torrent” PGM from 110 test samples: 56 hand skin, 31 saliva and 23
vaginal specimens. Forensically-oriented validation testing was performed in mock casework
samples, 19 freshly-prepared and 22 samples aged for 1 up to 7.6 years.

Results: Body-site classification accuracy was high, with AUC values of 0.989 for skin, 0.998 for oral,
and 0.988 for vaginal secretion. Misclassifications were limited to 1 (2%) skin and 1 (4%) vaginal
sample, while 3 (5%) skin samples showed inclusive results based on a probability threshold of 0.7.
All of the 19 fresh and 17 (77%) of the 22 aged mock casework samples were correctly tissue-type
classified. Comparing the microbiome results with previous human mRNA-based tissue identification
testing in the same 16 aged mock casework samples reveals that approach performs better or
equally in the majority of the samples.
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Background: Polyurethanes (PU) are plastic polymers widely used in modern life. However, the large
use, high durability and lack of effective recycling processes cause major environmental problems.
Hence, biodegradation is an eco-friendly solution to reduce this problem.

Objectives: To describe the ability of the microbial community BP8 for degrading a polyether-
polyurethane-acrylic (PE-PU-A) coating that also has xenobiotic additives, some of them containing
the recalcitrant ether bond

Methods: BP8 community was isolated from a landfill. PE-PU-A coating was supplemented as the
only carbon source in mineral medium. Growth was measured as dry-weight and carbon
consumption by elemental analyses. The MATH method and SEM were used to observe cell-
substrate interactions. FTIR, TGA, DSC, and GPC analyses determined the physicochemical
modifications generated by BP8 to the polymer, and by GC-MS analysis additives were quantified and
PE-PU-A breakdown products were identified

Results: BP8 was able to degrade the xenobiotics and the PE-PU-A polymers present in the coating.
BP8 consumed 50% of the carbon source during the 20-days of culture and showed diauxic growth
suggesting that more than one coating component is metabolized. At early times, BP8 metabolized
all the coating additives. Polymer biodegradation showed by decrease in molecular size, breaking of
the soft and hard domains, and by the chemical modifications in ester, ether, urethane, and aromatic
groups was mediated by cells-substrate interactions. In the analysis of PE-PU-A breakdown products,
organic acids, alcohols, esters, ethers, alkanes, amines, and aromatic compounds were observed,
indicating that PE-PU-A biodegradation occurs by hydrolytic and oxidative mechanisms.
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PMO031 Mechanistic insights