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Opening Lecture 
 
KN 01 
Fungus-host interactions during Candida colonisation and infection 
A. J. P. Brown1 
1University of Aberdeen, Institute of Medical Sciences, Aberdeen Fungal Group, MRC Centre for Medical Mycology, 
Aberdeen, GB 

Pathogenic fungi have a major impact upon human health worldwide, causing a wide range of infections some of 
which are fatal. The mortality rates for some systemic fungal infections are unacceptably high (over 80%, even 
with the availability of antifungal drugs). To combat these infections there is an urgent need for better diagnostics, 
more effective antifungal drugs, and for a better understanding of fungal pathogenesis and immunology. My lab is 
focussed on the pathogenesis of Candida albicans, one of the most common causes of nosocomial fungal 
infections. 
The virulence of C. albicans is dependent on a battery of virulence factors as well as fitness attributes such as 
stress and nutrient adaptation. Numerous labs have contributed to our understanding of stress and nutrient 
adaptation in C. albicans, using a range of approaches that have included genomics alongside molecular, cell 
and infection biology. As a result we have a reasonable understanding of how this pathogen responds to certain 
specific environmental stresses and nutrients, and how these responses are regulated. To minimize confounding 
factors, these studies have generally focussed on a specific response under standardised experimental 
conditions in vitro. It is becoming apparent, however, that these conditions can differ from host niches, which are 
both complex (i.e. fungal cells are often subjected to multiple host inputs) and dynamic (i.e. host inputs change 
over time). The implications of these complex and dynamic environmental landscapes upon fungal behaviours 
and virulence will be discussed. 
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KN 02 – Abstract not submitted 
 
KN 03 
The role of xenogeneic silencing in (pro-)phage-host interaction 
E. Pfeifer1, M. Hünnefeld1, J. Frunzke1 
1Forschungszentrum Jülich, Institute of Bio- and Geosciences IBG-1: Biotechnology, Jülich, DE 

In their prophage state, temperate bacteriophages are able to maintain a long-term association with their bacterial 
host. The acquisition of foreign DNA allows for beneficial mutual interactions but also bears a risk to the host 
potentially causing cell death by the expression of toxic phage genes. Hence, the integration of prophage 
elements into the genome and into host regulatory circuits requires a stringent regulation. The genome of the 
Gram-positive soil bacterium Corynebacterium glutamicum ATCC 13032 contains three prophages (CGP1-3). 
Among those, the large, cryptic prophage element CGP3 covers almost 6 % of the entire genome and is still 
inducible [1]. In recent studies we identified the small nucleoid-associated protein CgpS (Lsr2 homolog), which 
was shown to act as an essential silencer of cryptic prophage elements in C. glutamicum [2]. ChAP-Seq 
experiments in combination with EMSA studies revealed that CgpS binds to AT-rich DNA and represses gene 
expression of mainly horizontally acquired genomic regions. Counteraction of CgpS activity by overexpression of 
the N-terminal oligomerization domain resulted in a severe growth defect and a highly increased frequency of 
CGP3 induction leading to cell death. Beyond their role in the control of gene expression, recent preliminary data 
suggested an even broader function in chromosome organization and replication. As revealed by bioinformatics 
analysis CgpS homologs are found in almost all actinobacterial species but, remarkably, also in the genomes of 
several actinobacteriophages and prophages. Whereas sequence conservation is low, the highly conserved 
secondary structure highlights the ancient function of these proteins in (pro-)phage-host interaction. 

1. Helfrich, S., Pfeifer, E. et al., Live cell imaging of SOS and prophage dynamics in isogenic bacterial 
populations. Mol Microbiol, 2015. 98(4): p. 636-50. 

2. Pfeifer, E. et al., Silencing of cryptic prophages in Corynebacterium glutamicum. Nucleic Acids Res, 
2016. 44(21):10117-10131.
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KN 04 
Bacteriophage diversity in human bacterial diseases 
M. Clokie1 

1University of Leicester, College of Medicine, Biological Sciences and Psychology, Department of Infection, Immunity and 

Inflammation, Leicester, GB 

Bacteriophages are extremely abundant in most environments including the human microbiome where they 
outnumber their hosts in a ratio of about 10:1. They shape and manipulate the ecology of the environment in 
which they are found. both by encoding specific genes that express proteins which change the physiology of their 
host bacteria, and by shaping population dynamics by selectively killing specific populations of bacteria.  Classical 
16S barcoding of bacteria associated with disease clearly doesn't detect bacteriophages and yet phages may 
have important roles in exacerbating disease symptoms and persistence. To address this lack of knowledge, my 
lab has developed methods to characterize bacteriophages associated with human diseases.  In this talk I will 
review the roles of bacteriophages associated with gut and respiratory diseases with a focus on the research in 
my laboratory on Clostridium difficile and on COPD (Chronic Obstructive Pulmonary Disease). 

 
Towards Biotechnology – Metabolic Modeling & Genome/Enzyme Engineering 
 
KN 05 
Lessons from (meta)genomes – novel biocatalysts and compounds 
S. Thies1, A. Bollinger1, N. Katzke1, A. Domröse1, A. S. Klein2, A. Loeschcke1, T. Drepper1, C. Coscolín3, M. 
Ferrer3, J. Pietruszka4,2, K. E. Jaeger4,1 
1Heinrich-Heine-Universität Düsseldorf, Institut für Molekulare Enzymtechnologie, Jülich, DE 
2Heinrich-Heine-Universität Düsseldorf, Institut für Bioorganische Chemie, Jülich, DE 
3Consejo Superior de Investigaciones Científicas, Campus Cantoblanco, Institute of Catalysis, Madrid, ES 
4Forschungszentrum Juelich, Institut für Bio- und Geowissenschaften IBG-1: Biotechnologie, Jülich, DE 

Novel biocatalysts must fit industrial requirements including easy production, broad specificity and high turnover 
rates, stringent regio- and stereo- selectivity, solvent tolerance and thermal stability. We have searched for such 
biocatalysts by combining different strategies: (i) Metagenomic mining of natural enriched environments [1]; (ii) 
genetic exploration of niche adapted microorganisms, e.g. crude oil degrading bacteria as a source for hydrolytic 
enzymes; and (iii) enrichment strategies based upon growth of microorganisms on challenging substrates and at 
elevated temperatures. These approaches have led to the discovery of novel biocatalysts and compounds with 
industrially relevant properties. 
In addition to enzymes, secondary metabolites also belong to the biotechnologically interesting products as they 
exhibit antibiotic or cytotoxic properties [2]. We have mined several bacterial genomes to identify relevant 
operons ranging in size from 6 to 21 kb. These were cloned and expressed in heterologous hosts applying newly 
developed genetic tools to establish the respective biosynthetic pathways producing e.g. terpenoids, prodigiosin 
[3], violacein and phenazine. For prodigiosins, this approach was extended by mutasynthesis giving rise to so far 
unknown prodigiosin derivatives some of which showed the ability to modulate autophagy in breast cancer cells 
[4]. 
Thus, we demonstrate that mining of (meta)genomes can result in identification of novel biocatalysts and 
compounds offering new perspectives for synthetic biology and biotechnological applications. 
Acknowledgements: We gratefully acknowledge grants from the European Commission through EU Horizon 
2020 Project INMARE (contract no. 634486), the ERA Net IB2 Project MetaCat through the German Federal 
Ministry of Education and Research (BMBF) (grant no. ERA-IB-14-030). and grants PCIN-2014-107, BIO2014-
54494-R and BES-2015-073829 from the Spanish Ministry of Economy and Competitiveness. 
References 
[1] Thies S, Rausch SC, Kovacic F, Schmidt-Thaler A, Wilhelm S, Rosenau F, Daniel R, Streit W, Pietruszka J, 
Jaeger KE. (2016) Sci Rep. 6:27035 
[2] Loeschcke A, Thies S. (2015) Appl Microbiol Biotechnol.99:6197-6214 
[3] Domröse A, Klein AS, Hage-Hülsmann J, Thies S, Svensson V, Classen T, Pietruszka J, Jaeger KE, Drepper 
T, Loeschcke A. (2015) Front Microbiol. 6:972 
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[4] Klein AS, Domröse A, Bongen P, Brass HUC, Classen T, Loeschcke A, Drepper T, Laraia L, Sievers S, 
Jaeger KE, Pietruszka J. (2017) ACS Synth Biol. doi: 10.1021/acssynbio.7b00099 

KN 06 
A surprising diversity of solventogenic clostridia 
A. Poehlein1, S. Flitsch2, J. Montoya2, B. Stegmann2, A. Leimbach1, P. Krabben3, K. Winzer4, N. Minton4, P. 
Dürre2, R. Daniel1 
1Georg August University Göttingen, Genomic and Applied Microbiology & Göttingen Genomics Laboratory, Göttingen, DE 
2University of Ulm, Institute of Microbiology and Biotechnology, Ulm, DE 
3Green Biologics Ltd, Abingdon, DE 
4University of Nottingham, The Clostridia Research Group, BBSRC/EPSRC Synthetic Biology Research Centre, School of 
Life Sciences, Centre for Biomolecular Sciences, Nottingham, GB 

The production of solvents such as acetone, ethanol, and butanol (ABE) is one of the oldest industrial 
fermentation processes and has tremendous potential for chemical industry as these organic compounds are 
important intermediates for paints, plastics, coatings as well as for polymers. Microbial formation of solvents is 
largely restricted to bacteria belonging to the genus Clostridium. Solventogenic clostridia such as C. 
acetobutylicum, C. saccharobutylicum, C. saccharoperbutylacetonicum or C. beijerinckii are able to form ABE 
from a huge variety of sugar- and starch-based substrates. Various organic compounds such as glucose, 
fructose, saccharose, xylose, cellobiose, and even sorbitol, dulcitol, or inositol can be used. However, the single 
strains and species differ with respect to the substrate spectrum they are able to use for ABE fermentation. 
The genomes of 30 solventogenic clostridia from eight different species were sequenced to extend our 
knowledge on the biochemistry and physiology of these interesting organisms and for genome comparison with 
all publically available sequences. Whole genome sequencing was either done by a combined approach using 
the 454 GS-FLX Titanium XL and the Genome Analyzer II or MiSeq or Illumina technique only. Hybrid de novo 
assemblies were performed with the Mira 3.4 and the Newbler 2.9 software and Illumina only assemblies by the 
SPAdes 3.5 software, respectively. In some cases remaining gaps were closed by PCR-based techniques and 
Sanger sequencing of the products. 
The genomes of all solventogenic clostridia vary in size from 4.1 Mb for the C. acetobutylicum strains up to 7.2 
Mb for some C. beijerinckii strains. Extrachromosomal elements could be identified in C. acetobutylicum, C. 
roseum, C. aurantibutyricum, and C. saccharoperbutylacetonicum as well as in some of the C. beijerinckii strains, 
but only in C. acetobutylicum is the sol operon, necessary for solvent production, located on the plasmid. A 
genome comparison of all sequences including the ten publically available genomes revealed a core genome of 
638 and a pan genome of 26,944 orthologous groups, respectively. The different species complexes differ in the 
substrate spectrum they can use for fermentation, but also with respect to the acids and solvents they are able to 
produce. 
Solventogenic clostridia are able to produce solvents from a variety of organic substrates, but genome 
comparison revealed species-specific capabilities. 

KN 07 
Novel halohydrin dehalogenases by database mining - from identification to protein engineering 
A. Schallmey1, J. Koopmeiners1, M. Schallmey1, C. Diederich2, E. Calderini1, W. Blankenfeldt2 
1Technische Universität Braunschweig, Institut für Biochemie, Biotechnologie und Bioinformatik, Braunschweig, DE 
2Helmholtzzentrum für Infektionsforschung, Struktur und Funktion von Proteinen, Braunschweig, DE 

Question: Halohydrin dehalogenases (HHDHs) are rare but biotechnologically relevant enzymes that catalyze 
the reversible dehalogenation of vicinal haloalcohols with formation of the corresponding epoxides. 
Phylogenetically, HHDHs belong to the superfamily of short-chain dehydrogenases/reductases (SDR) with which 
they share considerable sequence homology as well as structural and mechanistic features. We recently 
expanded the number of available HHDH sequences using a motif-driven database mining approach that allowed 
us to distinguish specifically between HHDHs and SDR enzymes. A selective set of novel HHDHs, representing 
all 6 phylogenetic subtypes, was biochemically and biocatalytically characterized revealing one enzyme, HheG, 
with unexpected substrate scope. In contrast to all other characterized HHDHs, HheG accepts cyclic epoxide 
substrates in the epoxide ring opening reaction. The enzyme’s crystal structure was also solved to support 
subsequent protein engineering of HheG with the aim to improve its activity, stability and enantioselectivity in the 
novel reaction. 
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Methods: Active-site residues of HheG with potential influence on activity and selectivity were identified by in 
silico analysis of the crystal structure using the Rosetta software and were subsequently mutanted individually or 
in combination. 
Results: Screening of the resulting single or multiple mutants of HheG revealed variants with significantly 
improved and even inverted enantioselectivity. Though most variants with increased selectivity were catalytically 
less efficient, few mutants with improved activity could be identified as well. Interestingly, the effect of specific 
mutations on the enzyme’s enantioselectivity in epoxide azidolysis and cyanolysis was markedly different. 
Conclusions: HHDH-specific sequence motifs allow the unambiguous identification of novel HHDH sequences in 
public databases. Newly identified HheG with its exceptional substrate scope broadens the versatility of the 
HHDH enzyme tool box for biocatalytic routes towards pharmaceutical synthons. Protein engineering of HheG 
further enables the optimization of this remarkable biocatalyst for future practical applications. 

Omics at its best – Global Gene Regulation & Proteome Dynamics I 
 
KN 08 
Targeting G-rich sequences in bacterial mRNAs by small regulatory RNAs 
S. R. Pernitzsch1, B. U. Aul1, M. Robbe-Saule2, H. De Reuse2, C. Sharma1 
1University of Würzburg, Molecular Infection Biology II, Institute of Molecular Infection Biology (IMIB), Würzburg, DE 
2Institut Pasteur, Helicobacter pathogenesis group - Microbiology Department, Paris, FR 

Variable simple sequence repeats (SSRs) frequently affect transcription or coding potential and thereby 
contribute to host adaptation of bacterial pathogens. Recently, we uncovered that a SSR can also impact small 
RNA (sRNA)-mediated regulation. Length variation of a G-repeat in the mRNA leader of the chemotaxis receptor 
TlpB determines the outcome (repression or activation) of posttranscriptional regulation through the sRNA RepG 
(Regulator of polymeric G-repeats) in the gastric pathogen Helicobacter pylori [1]. Using global transcriptome 
analysis, we have now identified >40 additional genes that are targeted by RepG at G-rich mRNA sequences. We 
demonstrate that one of the newly identified targets is essential for mice stomach colonization and required for 
LPS O-antigen biosynthesis. RepG co-regulates this glycosyltransferase-domain protein together with TlpB via 
the variable G-repeat and thereby gradually modulates LPS biosynthesis and sensitivity against membrane-
targeting antibiotics. Moreover, RepG activates a small redox protein by targeting a G-stretch at the very 5’ end of 
its mRNA. The discovery of a functional RepG homolog in the food-borne pathogen Campylobacter jejuni along 
with a first target gene involved in flagellin modification, indicates that targeting G-rich sequences by C/U-rich 
loops in sRNAs is more widespread in bacteria and can have diverse regulatory outcomes. 
References: 
Pernitzsch SR, Tirier SM, Beier D & Sharma CM (2014). A variable homopolymeric G-repeat defines sRNA-
mediated posttranscriptional regulation of a chemotaxis receptor in Helicobacter pylori. Proc Natl Acad Sci USA, 
111(4):E501-10. 

KN 09 
The regulatory networks controlling sporulation and stress response in the enteropathogen Clostridium 
difficile 
N. Kint1,2, L. Saujet1,2, O. Soutourina1,2, M. Monot1,2, B. Dupuy1,2, I. Martin-Verstraete1,2 
1Institut Pasteur, Laboratoire Pathogénèse des Bactéries Anaérobies, Paris, FR 
2Université Paris Diderot, Sorbonne Paris Cité, Paris, FR 

Clostridium difficile is a major cause of diarrhoea associated with antibiotherapy. The spores are the form of 
transmission, dissemination and persistence of C. difficile. After germination of C. difficile spores in the gut, 
vegetative cells are exposed to several stresses including pH variations, hyperosmolarity, bile salts, as well as 
antimicrobial peptides, ROS, NO and RNS produced by the host during inflammation. In bacteria, alternative σ 
factors play a crucial role in the control of transcriptional pattern and in adaptive strategies. The sporulation 
specific σ factors and the σ factor of the general stress response, σB, studied in Bacillus subtilis are conserved in 
C. difficile. Understanding how the complex developmental sporulation process and the management of stress 
are regulated and the role of these alternative σ factors in these controls is fundamental to decipher the C. difficile 
transmission and pathogenesis. We combined transcriptional analyses and genome wide promoters mapping to 
define the C. difficile σH, σF, σE, σG and σK regulons involved in the control of sporulation and the regulon of sB 
involved in the general stress response1,2,3. 
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We analysed the sporulation developmental program under the control of σF, σE, σG and σK using both a 
fluorescence reporter for single cell analysis of gene expression and global analyses of gene expression1,2,3. 
While the main periods of activity of the sigma factors are conserved, we revealed interesting deviations from the 
B. subtilis paradigm regarding the communication between mother cell and forespore and the connection 
between gene expression and morphogenesis. The developmental control in C. difficile probably reflects a more 
ancestral sporulation network. 
We also recently studied the role of σB in the physiopathology of C. difficile. σB controls the expression of ~25% of 
genes including genes involved in sporulation, metabolism, cell surface biogenesis, and the management of 
stresses2,3. sigB inactivation led to an increased sensitivity to acidification, cationic antimicrobial peptides, NO and 
ROS. In addition, we showed for the first time that σB also plays a crucial role in O2 tolerance in this strict 
anaerobe. Finally, we demonstrated that the fitness of colonisation by the sigB mutant is greatly affected in a 
dixenic mouse model of colonisation when compared to the wild-type strain. 
To face stressful environments encountered during infection, C. difficile may use two strategies, a rapid adaptive 
response to stress stimuli mediated by σB or an irreversible and slower differentiation process leading to the 
formation of spores that is under negative control by σB. The interconnection of sporulation and stress 
management will be discussed. 

1. L. Saujet, et al. Genome-wide Analysis of Cell type-specific Gene Transcription during Spore Formation 
in Clostridium difficile. 2013. Plos Genetics, 9(10):e1003756 

2. O. Soutourina, et al. Genome-wide identification of regulatory RNAs in the human pathogen Clostridium 
difficile. 2013. Plos Genetics, 9(5):e1003493 

3. N Kint, et al. The alternative sigma factor σB plays a crucial role in adaptive strategies of Clostridium 
difficile during gut infection. 2017. Environ Microbiol, 19(5):1933-1958 

4. F. C. Pereira, et al. The spore differentiation pathway in the enteric pathogen Clostridium difficile. 2013. 
Plos Genetics, 9(10):e1003782 

KN 10 
How to make a fruiting body: comparative genomics and transcriptomics in filamentous fungi 
M. Nowrousian1 
1Ruhr-University Bochum, Department of General and Molecular Botany, Bochum, DE 

The development of complex multicellular structures has evolved many times in eukaryotes, and at least twice in 
fungi. The fruiting bodies of filamentous ascomycetes are one example, and even though many genes essential 
for their differentiation have been identified, a model describing the spatio-temporal regulation of this 
developmental process at the molecular level has yet to emerge. Our aim is to identify evolutionary trends and 
core processes that regulate fruiting body morphogenesis through comparative genome and transcriptome 
mining. We performed RNA-seq on young fruiting bodies isolated by laser microdissection from the ascomycetes 
Sordaria macrospora, Pyronema confluens and Ascodesmis nigricans. Comparative expression analysis of genes 
conserved in all three species shows structure-specific expression when looking at relative expression changes, 
but species-specific expression with respect to overall expression levels. Genes involved in chromatin 
organization and regulation of gene expression, as well as the organization of endomembrane systems make up 
more than 40% of genes specifically upregulated in young fruiting bodies in all three species. For further 
functional analysis, our focus is on genes involved in chromatin-related processes and secondary metabolism. 
Among the genes with conserved expression patterns identified in previous studies are the histone chaperone 
gene asf1, the transcription factor gene pro44, and the polyketide synthase gene pks4, all of which are essential 
for fruiting body development in S. macrospora. RNA-seq analysis of pro44 and asf1 mutants showed that many 
weakly expressed genes are upregulated in the asf1, suggesting that ASF1 acts as a repressor of weakly 
transcribed genes. Among the asf1-regulated genes is pks4, which is required for the formation of mature fruiting 
bodies and spores. Surprisingly, overexpression of pks4 in S. macrospora results in enlarged, malformed fruiting 
bodies. Thus, correct expression levels of pks4 are essential for wild type-like fruiting body formation. Future 
studies will focus on a potential role of asf1 in chromatin modifications as well as the molecular mechanisms of 
the role of secondary metabolites in development. 
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MetaOmics & Microbial Ecosystems I 
 
KN 11 
The soil resistome: Impact of human activities on the diversity and abundance of antibiotic resistance 
genes in the soil 
P. Simonet1, J. Nesme1, E. Topp2, A. Andremont3 
1Ecole Centrale de Lyon, Université de Lyon, Environmental Microbial Genomics group, Lab. Ampere, UMR CNRS 5005, 
Lyon, FR 
2University of Western Ontario, Agriculture and Agri-Food Canada, Department of Biology, London, CA 
3Hôpital Bichat-Claude Bernard, Laboratoire de Bactériologie, Paris, FR 

In a context where pathogens acquire resistance to more and antibiotic treatments in hospital settings a number 
of questions are raised regarding mobilization, acquisition and dissemination of antibiotic-resistance traits 
between and within bacterial populations. Since antibiotic resistance genes (ARG) are common features of many 
saprophytic soil bacteria a significant ARG reservoir is readily accessible to previously sensitive pathogens by 
means of horizontal gene transfer (HGT). It is known since decades that environmental bacteria and pathogens 
share resistance genes hence the importance to clearly establish transmission routes of such traits in order to 
prevent their dissemination. 
Crop fertilization using manure from animals previously treated with antibiotics is a major anthropogenic entry 
point of these pharmaceuticals in soils. A number of risk-assessment studies focused on the effect of manure 
fertilization on soil bacterial community and showed that such practice can indeed increase ARG abundance. 
Such studies are however most often depicting short- to mid-term impact and cannot distinguish what is leading 
increase in resistance genes abundance. Our objective was therefore to assess if long-term (1999-present) 
impact of repeated antibiotic molecules input would have a similar impact on soil bacterial communities, in 
absence of manure. Can similar concentrations of antibiotic select for resistance traits and increase their 
dissemination potential in absence of organic matter and intrinsic bacterial community added to soil via manure? 
To test this hypothesis we analyzed environmental DNA extracted from soil samples under crop rotation and 
treated yearly with veterinary antibiotics (tylosin, chlortetracycline and sulfonamides) for 15 years (1999-present). 
Antibiotic molecule concentration added to soil each year represented similar amounts to what is conventionally 
found in antibiotic-treated animal manure. Contaminated soil plots examined in this analysis represents a 12 
years time frame (2001 - 2012) of this long-term experimental setup. No correlation between increased antibiotic 
concentration added to soil and antibiotic-resistance gene abundance could be established with our results and 
the soil bacterial community is not significantly affected by such treatment. Investigation of ARG and mobile 
genetic element promoting gene transfer between bacterial lineages (i.e.: from environmental bacteria to 
pathogens) has also been analyzed. It shows that co-abundance is frequent in sequence datasets obtained from 
soil samples. However, new sequence analysis methods are needed to determine if co-abundance is indeed a 
sign of co-occurrence on the same molecule, explaining increased transfer potential and successful ARG 
dissemination. 

KN 12 
Mining and expressing biosynthetic gene clusters from soil metagenomes 
M. Liles1,2, J. Zhou1, A. Pereira1, S. Monsma3, B. Pfeifer4, K. Degnes5, A. Wentzel5, D. Mead2 
1Auburn University, Biological Sciences, Auburn, US 
2Varigen Biosciences Corporation, Madison, US 
3Lucigen Corporation, Middleton, US 
4University at Buffalo, Department of Chemical and Biological Engineering, Buffalo, US 
5SINTEF Materials and Chemistry, Department of Biotechnology, Trondheim, NO 

Question: Soil microorganisms encode a vast diversity of bioactive natural products; however, the majority of soil 
microbial taxa are recalcitrant to cultivation under laboratory conditions. In this study a large-insert soil 
metagenomic clone library (~110kb average insert size and 19,200 clones) was constructed from an agricultural 
soil (Cullars Rotation, Auburn, AL) using a broad host range shuttle BAC vector. The objective of this study was 
to identify cloned biosynthetic gene clusters from the large-insert soil metagenomic library and to heterologously 
express specific pathways to produce bioactive secondary metabolites. 
Methods: Identification of biosynthetic gene clusters was conducted using multiple methods, including DNA 
hybridization, PCR and next-generation sequencing. In the first two methods we targeted a conserved domain of 
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Type I Polyketide Synthases (PKS) and identified clones by macroarray hybridization or PCR, resulting in 
identification of 12 and 110 PKS pathway-containing clones, respectively. In addition, we used a strategy in which 
plates, rows and columns were separately pooled, and bar-coded DNA sequences from each pool were 
subjected to Illumina HiSeq sequencing. Contigs were assembled from each pool and screened for secondary 
metabolite gene clusters using antiSMASH3.0. Clones that were validated as containing PKS pathways were 
transferred into E. coli BTRA or S. coelicolor M1154 by electroporation or conjugal transfer, respectively. The 
recombinant clones expressed in these heterologous hosts were then functionally screened for activity against 
bacterial or fungal pathogens or human cancer cell lines, followed by LC/MS characterization of active clones to 
identify metabolites with bioactivity. 
Results: We identified 593 BAC clones that contained a PKS and/or non-ribosomal peptide synthetase pathway 
among 1,516 total biosynthetic pathways identified. The cloned pathways were divergent from known pathways, 
with the %G+C content varying from 34 to 79% and the nearest BLAST hit of keto-synthase domains ranging 
from 19 to 95% amino acid identity. Biosynthetic clusters identified via PCR were a subset of the clones identified 
via next-gen sequencing, which were both numerically more abundant and included clades highly divergent from 
known PKS pathways (Figure 1). PKS pathway-containing BAC clones were transformed into S. coelicolor M1154 
or an E. coli BTRA strain engineered for PKS expression. BAC clones expressed in these heterologous hosts 
were identified that inhibited the growth of methicillin-resistant Staphylococcus aureus (MRSA), human fungal 
pathogens such as Cryptococcus neoformans and/or human cancer cell lines. Clones expressing antimicrobial 
activity and/or inhibiting the growth of cancer cell lines were further characterized by LC/MS analysis and other 
methods to associate secondary metabolites with their respective bioactivity. 
Discussion: These results indicate that novel biosynthetic gene clusters can be cloned intact from complex 
metagenomes and heterologously expressed to produce bioactive secondary metabolites, thereby expanding our 
available resources for natural product discovery. 
 

Figure 1 

 
Figure 1. Dendogram of keto-synthase domains recovered from soil metagenomic library BAC clones. A maximum 
likelihood analysis was conducted with 1000 iterations for bootstrap support. BAC clones identified through NGS 
screening are indicated with a blue symbol, and those identified through PCR screening are indicated with a red 
symbol. 
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KN 13 
Activity-based discovery of novel enzymes from marine environments 
P. N. Golyshin1 
1Bangor University, School of Biological Sciences, Bangor, GB 

High throughput sequencing of metagenomic DNA and in silico data analyses have suggested a plethora of 
enzyme candidates for further functional characterisation and downstream applications, e.g. industrial 
biocatalysis. Bioinformatics analyses can however predict only homologs to "known" enzymes, i.e. those that 
have previously been functionally characterised. Activity-centred metagenomics, based on the screening of 
metagenomic expression libraries with substrates of interest, was proven being an effective tool in the discovery 
of novel enzymes and assigning functions to 'conserved hypothetical' proteins, albeit at a lower throughput and 
often relying on 'general' substrates (or easy-to-assay reactions). Since 1998, when the term 'metagenomics' was 
coined, studies from almost 2.000 sites have been published, of which only about 11% dealt with enzyme 
discovery. Interestingly, metagenomes from the sea, which is the largest environment on our planet, have been 
undersampled with respect to enzyme discovery through screening programs [1]. The presentation provides an 
overview of our latest studies on the discovery of new enzymes from marine environments: from microbiomes of 
shallow hydrothermal vents of Vulcano Island [2], gill chamber epibionts of the shrimp Rimicaris exoculata from 
hydrothermal fields of mid-Atlantic Ridge [3] microorganisms from deep hypersaline anoxic brine lakes of the 
Eastern Mediterranean [4] and from a series of hydrocarbon-polluted marine environments [5]. 
References 
[1]: Ferrer M, et al. 2016 Microb Biotechnol. doi: 10.1111/1751-7915.12309.  

[2]: Placido A, et al. 2015 Appl Microbiol Biotechnol. 99:10031-46.   

[3]: Alcaide M, et al. MAMBA Consortium. 2015 Appl Environ Microbiol. 81:2125-36.  

[4]: Alcaide M, et al. MAMBA Consortium. 2015 Environ Microbiol. 17:332-45. 
[5] Popovic A et al. 2017 Sci Rep. 7:44103. 

Infectiongenomics & Host Microbe Interplay 
 
KN 14 
The noise and the signal: pathogen heterogeneity in host tissues 
D. Bumann1 
1University of Basel, Biozentrum, Basel, CH 

Infectious diseases remain a major cause of death worldwide. Lack of efficacious vaccines against important 
pathogens, and rapidly rising antimicrobial resistance pose a major threat to human health. Infection research has 
discovered many host-pathogen interactions, but most in vivo studies use bulk average readouts that cannot 
capture the vast and dynamic complexity of infected tissues. We use single-cell techniques to determine 
Salmonella survival/killing, stress exposure, and growth rates of in infected mouse tissues. In addition, we are 
developing 3D imaging approaches to localize Salmonella in tissue microenvironments at mm to nm scale. Our 
results show an enormously complex host-pathogen interface involving many different anatomical sites, host cell 
types and molecular interactions (the noise), but also a subset of relevant encounters that determine disease 
outcome (the signal). Specifically, certain host cell types can overwhelm Salmonella oxidative stress defense, 
resulting in massive death of Salmonella in inflammatory lesions. On the other hand, some permissive host cells 
supply sufficient nutrients that support accelerated growth of a Salmonella subset, driving disease progression 
forward. Prolonged antibiotic therapy kills most Salmonella by synergizing with particular host antimicrobial 
attacks, but a few Salmonella cells survive in specific anatomical niches and gain protection from other host 
attacks that antagonize antibiotic action. Overall disease progression, or relapses after therapy, thus result from 
failures in host control or antibiotic action at some microenvironments, despite successful simultaneous 
eradication in others. We have begun to extend these investigations to human patients infected with 
Pseudomonas aeruginosa where we observe extensive additional complexity, but also some consistent 
interaction patterns that suggest new opportunities for infection control. 

KN 15 – Abstract not submitted 
KN 16 – Abstract not submitted 
KN 17 – Abstract not submitted 
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KN 18 – Abstract not submitted 
 
Microbial Evolution, Population Genomics & Epidemiology 
 
KN 19 
Bacterial within-host evolution and implications for transmission analysis 
X. Didelot1 
1Imperial College London, Department of Infectious Disease Epidemiology, London, GB 

Genomic data on bacterial infections has revealed previously unsuspected levels of within-host diversity. 
Evolution during infection can help bacteria adapt to specific host conditions or anatomical niches, evade the host 
immune system and survive treatments with antibiotics or vaccines. Within-host evolution also has important 
implications for the reconstruction of transmission pathways. The diversity in genomic datasets reflects the 
phylogenetic relationships between isolates, but this phylogeny does not reflect transmission. Correctly 
accounting for within-host evolution is therefore crucial to perform genomic epidemiology of bacterial pathogens. 

KN 20 
Bacterial pathogens from population biology to genomic epidemiology 
S. Brisse1 
1Institut Pasteur, Paris, FR 

Novel DNA sequencing technologies have revolutionized studies of population diversity and the molecular 
tracking of pathogens as they emerge and spread. I will present a genomics-based update of the population 
phylogenetic structures of bacterial pathogens of public health importance (focusing on Klebsiella pneumoniae 
and Listeria monocytogenes) and of the links between genetic diversity and medically-relevant phenotypic 
variation (virulence, resistance and ecological distribution). I will then discuss current endeavours to translate 
population genomics knowledge into powerful molecular typing strategies that are enabling typing activities and 
surveillance networks to progress towards internationally coordinated epidemiological surveillance of bacterial 
pathogens at the global scale. 

MetaOmics & Microbial Ecosystems II 
 
KN 21 
Microbiome analysis for crop production 
T. C. Charles1 
1University of Waterloo, Department of Biology, Waterloo, CA 

The ability to degrade 1-aminocyclopropane-1-carboxylic acid (ACC), the immediate precursor to ethylene, is 
associated with many rhizospheric and endophytic bacteria that have plant beneficial effects. The key enzyme is 
ACC deaminase, which catalyzes the conversion of ACC to ammonia and α-ketobutyrate. As a result, ACC can 
serve as nitrogen and carbon source, and the resulting reduction of ACC levels reduces stress ethylene. Of 
interest is the role that ACC plays in shaping the phytobiome, and how this in turn influences crop health and 
productivity. As an initial step towards understanding this, we used 16S rRNA gene sequence analysis to 
investigate the community dynamics of soil enrichment cultures with ACC as nitrogen source. 

KN 22 
Sub polar sediment comparative metagenomics and applied ecosystem functions 
S. Sjöling1 
1Södertörn University, School of Natural Sciences and Environmental Studies, Huddinge, SE 

Growing awareness of the importance of microbial diversity for ecosystem functions and the impact of 
environmental stressors contrast with the limited understanding of microbial functions at high-latitude regions. 
Communities of these regions are particularly exposed to the effects of climate variation and markedly to pollution 
in some sub polar sediments, with unknown effects at broader ecosystem scale. Consequential ecological 
questions include, how are high-latitude microbial communities structured by this exposure? What patterns in 
adaptive capacity and in key functional genes may comparative metagenomics analysis reveal? Results from 
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three collaborative projects, including two large scale community sequencing projects and an environmental 
microbial application consortium, have deepened our understanding of high-latitude sediment microbial functions 
and the relation to environmental conditions, including temperature and a number of organic pollutants. For 
example, steps in carbon turnover, such as chitin- and anaerobic hydrocarbon degradation, adaptation 
mechanisms and light sensory systems are some of the ecosystem capacities that have shown interesting 
patterns. 

Omics at its best – Global Gene Regulation & Proteome Dynamics II 
 
KN 24 
Communication between phages guides lysis-lysogeny decisions 
R. Sorek1 
1Weizmann Institute of Science, Department of Molecular Genetics, Rehovot, IL 

We show that phages infecting Bacillus species use a small-molecule communication system to coordinate lysis-
lysogeny decisions. During infection of its Bacillus host cell, the phage produces a 6aa communication peptide 
that is released to the medium. In subsequent infections, progeny phages measure the concentration of this 
peptide and lysogenize if the concentration is sufficiently high. We found that different phages encode different 
versions of the communication peptide, demonstrating a phage-specific peptide communication code for lysogeny 
decisions. We termed this communication system the arbitrium system, and further show that it is encoded by 3 
phage genes. The arbitrium system enables an offspring phage to communicate with its predecessors, i.e., to 
estimate the amount of recent prior infections and hence decide whether to employ the lytic or lysogenic cycle. 

KN 25 
Lessons learned from deep proteomics and proteogenomics of model bacteria 
B. Macek1 
1University of Tuebingen, Tübingen, DE 

Recent advances in mass spectrometry (MS) have led to increased applications of shotgun proteomics to the 
refinement of genome annotation. The typical proteogenomic workflows rely on mapping of peptide MS/MS 
spectra onto databases derived by six-frame translation of the genome sequence. We performed comprehensive 
analyses of the Escherichia coli and Bacillus subtilis proteomes using Orbitrap MS and mapped the 
corresponding MS/MS spectra onto six-frame genome translations. The use of small and well annotated bacterial 
genomes enabled us to address the false discovery rates (FDR) and genome coverage achieved in state-of-the-
art bacterial proteogenomics: identified peptide sequences mapped to all expressed proteins, but covered only 
about one third of the protein-coding genome sequence. Interestingly, in both organisms we identified multiple 
peptides from genome regions that were previously not predicted to be protein-coding and we validated 
expression of these genomic loci by RT PCR. Finally, we performed unbiased protein modification analysis in 
combination with proteogenomics to monitor dependence of non-canonical mistranslation on codon usage in E. 
coli. Our results show that proteogenomics is a powerful approach to study genome biology of microorganisms, 
but special care has to be taken to control the FDR rates and further improvements are necessary to increase the 
coverage of genome sequence by MS-based methods. 

Microbiome Host Interaction 
 
KN 26 
Post-genome analyses of a plant-pathogenic bacterium 
C. Schmidtke1 
1Martin Luther University Halle-Wittenberg, Institute for Biology, Dept. of Genetics, Halle, DE 

The Gram-negative Gamma-Proteobacterium Xanthomonas campestris pv. vesicatoria (Xcv) causes bacterial 
spot disease on pepper and tomato plants. Pathogenicity of Xcv depends on a type III secretion (T3S) system 
and translocation of type III effector proteins into plant cells. Since the release of the annotated genome 
sequence of Xcv strain 85-10 in 2005 (Thieme et al., 2005), RNA-seq analyses revealed an unexpected 
noncoding potential of the Xcv genome and enabled the identification of small RNAs as novel virulence factors 
(Schmidtke et al., 2012, 2013). Most recent analyses suggest that also the coding potential of the Xcv genome 
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might be underestimated, because more than 200 transcribed 5-untranslated regions of mRNAs contain small 
ORFs. The data presented will focus on the characterization of novel ORFs/proteins in Xcv and the role of small 
ORFs in the complex regulation of a virulence gene. 
Thieme, F., Koebnik, R., Bekel, T., Berger, C., Boch, J., Büttner, D., Caldana, C., Gaigalat, L., Goesmann, A., 
Kay, S. et al. (2005) Insights into genome plasticity and pathogenicity of the plant pathogenic bacterium 
Xanthomonas campestris pv. vesicatoria revealed by the complete genome sequence. J Bacteriol, 187, 7254-
7266. 
Schmidtke, C., Findeiß, S., Sharma, C.M., Kuhfuss, J., Hoffmann, S., Vogel, J., Stadler, P.F. and Bonas, U. 
(2012) Genome-wide transcriptome analysis of the plant pathogen Xanthomonas identifies sRNAs with putative 
virulence functions. Nucleic Acids Res., 40, 2020-2031. 
Schmidtke, C., Abendroth, U., Brock, J., Serrania, J., Becker, A. and Bonas, U. (2013) Small RNA sX13: a 
multifaceted regulator of virulence in the plant pathogen Xanthomonas. PLoS Pathog., 9, e1003626. 

KN 27 
Microbiome analysis of the human gut and the ocean 
P. Bork1 
1EMBL, Heidelberg, DE 

While a healthy gut microbiome is still not clearly defined, an increasing number of diseases is being associated 
with dysbiosis of the microbiome, often implied by metagenome-wide association studies (MWAS). MWAS do not 
reveal causalities, but disease associations can still be a starting point for diagnostics, as I will illustrate using 
colorectal cancer (Zeller et al., Mol.Sys.Biol., 2014). MWAS results are also often indirect or confounded, the 
latter we could as we could demonstrate for type 2 diabetes, where the intake of the drug metformin rather than 
the disease itself contributes leads to the association to the gut microbiome (Forslund et al., Nature 2015). As 
drug intake is increasingly being associated with gut microbiome alterations using MWAS studies, several groups 
at EMBL established together in vitro microbiome platforms to derive compound-species interaction networks. For 
example, screening of >1000 marketed drugs against each of 40 human gut bacteria revealed that at least 24% 
of all drugs directed against human cells directly inhibit at least one gut microbial strain. A large drug combination 
screen implied that many interactions are strain-specific, a resolution level that is achievable in metagenome 
studies (Schloissnig et al. 2013). Using single nucleotide variants (SNVs) we are able, for example, to trace donor 
and recipient SNVs after faecal microbiota transplantation (Li et al., Science 2016) or to identify acquired 
pathogenic or probiotic strains in an individual. As most of our gut microbes are coming from the environment, it is 
crucial to study biodiversity and interactions of microbes at planetary scale. The feasibility of such a global 
approach is illustrated by the TARA oceans project surveying the microbial diversity of this vast ecosystem by 
studying plankton from 35000 samples collected from all major ocean regions (Bork et al., Science 2015 and refs 
therein). 
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Systems & Synthetic Biology / Functional Phage Genomics 
 
O 01 
Origins left, right and centre: increasing the number of initiation sites in the Escherichia coli 
chromosome 
J. U. Dimude1, R. Retkute2, O. Skovgaard3, C. Rudolph1 
1Brunel University London, Division of Biosciences, Uxbridge, GB 
2The University of Warwick, School of Life Science, Warwick, GB 
3Roskilde University, Department of Science, Systems and Models, Roskilde, DK 

In Escherichia coli replication initiates at a single replication origin, oriC, where two replication forks are 
established and move in opposite directions until they meet in a specialised termination area that allows forks to 
enter but not to leave, thereby forming a replication fork trap. This arrangement dictates that all chromosomal 
areas are normally replicated in a defined directionality. 
We have generated constructs in which the oriC sequence is duplicated in ectopic locations in the left-hand (oriX) 
or right-hand (oriZ) replichore, both in the presence and absence of the native oriC. This generates defined 
regions in which replication proceeds in an orientation opposite to normal. The use of high-resolution replication 
profiles generated via Deep Sequencing has enabled us to identify chromosomal areas that are particularly 
problematic to replicate in an orientation opposite to normal. In addition, these replication profiles have led to the 
identification of a number of strains with large-scale genomic rearrangements, all of which alleviate some of the 
stress generated by initiation of replication at ectopic locations. Our data reveal a surprising plasticity of the 
bacterial genome when responding the replication stress. 
We have also characterised a strain carrying three replication origins. Our data show that all origins are active in 
principle. However, both ectopic origins show a reduced activity, in line with the idea that only two origins are 
simultaneously active in cells. One of these two origins is always the native oriC, demonstrating that either the 
larger sequence context or the precise location of the origin region within the cell is required for optimal origin 
activity. Our data provide significant insight into how DNA replication and transcription have shaped the 
architecture of bacterial chromosomes. 

Towards Biotechnology – Metabolic Modeling & Genome/Enzyme Engineering 
 
O 02 
An iterative bio-brick NRPS-System for a targeted in vivo production of tailored Cyclodepsipeptides 
C. Steiniger1, S. Hoffmann1, V. Meyer2, R. D. Süssmuth1 
1TU Berlin, Biological Chemistry, Berlin, DE 
2TU Berlin, Biotechnology, Berlin, DE 

Introduction: The modular architecture of nonribosomal peptide synthetases (NRPSs) turns them into an 
interesting platform for protein engineering and thus the synthesis of complex peptides; an alternative to 
ribosomally synthesized peptides. While several engineering attempts have been applied for bacterial systems 
[1,2] engineering of fungal NRPSs is still in its infancy [5,6]. First progress has been made with hexa- and octa-
cyclodepsipeptides (CDPs), e.g. enniatin and beauvericin, which exhibit a variety of bioactivities [3,4]. Since some 
mechanistic features of iterative CDP-biosynthesis including ring size determination are poorly understood, these 
hamper engineering approaches. 
Objectives: We aimed at establishing novel multiple swapping sites between modules/domains of fungal iterative 
NRPSs in order to identify the CDP ring size-conferring domain to establish a bio-brick assembly system for the in 
vivo production of tailored CDPs in a fungal heterologous host. 
Methods: By combinatorial biosynthesis, we evaluated domain and module contributions to the composition of 
the CDP. Using structure and sequence alignments, we constructed artificial synthetases that were evaluated for 
in vivo CDP-production in E. coli. Chosen NRPS-hybrids were cloned into A. niger for purification of new-to-
nature CDPs, which were verified by MS and NMR. 
Results: We identified the ring size-conferring part in fungal iterative NRPSs and constructed several artificial 
synthetases with up to three protein origins that produced CDPs of tailored composition in vivo up to g/L-scale. 
We could thus produce three hybrid CDPs, among them new-to-nature octa-enniatin and octa-beauvericin, by 
using A. niger as heterologous host. 
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Conclusions: Our findings provide a robust iterative bio-brick assembly system for future NRPS engineering in 
order to attain a targeted in vivo production of new-to-nature CDPs with customized composition up to g/l-scale. 
References:  
[1] Butz et al. ChemBioChem 2008, 9(8):1195-1200. 
[2] Nguyen et al. Proc. Natl. Acad. Sci. U.S.A. 2006, 103(46):17462-17467. 
[3] Süssmuth et al. Nat. Prod. Rep. 2011, 28(1):99-124. 
[4] Süssmuth, R. D., Mainz, A. Angew Chem Int Ed Engl. 2017, 56(14):3770-3821. 
[5] Yu et al. Chem. Commun. 2013, 49(55):6176-6178. 
[6] Zobel et al. ChemBioChem 2016, 17(4):283-287. 

Figure 1 
 

 
 
 
O 03 
Less is more: towards development of a genome-reduced Bacillus as cell factory for vaccine production 
J. M. van Dijl1, J. Stülke 2, R. Aguilar Suarez1 
1University of Groningen, UMCG, Medical Microbiology, Groningen, NL 
2Georg-August-University Göttingen, General Microbiology, Göttingen, DE 

Introduction: Bacillus subtilis is one of the preferred cell factories for industrial production of proteins. However, 
the abundant presence of proteases is a serious shortcoming for heterologous protein production in Bacillus. 
Recently, a genome-reduced derivative of B. subtilis 168 was engineered that lacks 34.6% of the chromosome1. 
Importantly, this strain named PG10 lacks many protease genes. 
Objective: To test the exploitation potential of B. subtilis PG10 for vaccine development with a focus on 
staphylococcal antigen production. 
Materials & Methods: First, the susceptibility of staphylococcal proteins to particular secreted Bacillus proteases 
was evaluated using culture supernatants from protease mutant B. subtilis strains. Second, selected 
staphylococcal antigens were expressed in B. subtilis 168 and PG10 using an inducible system. The stability and 
expression of staphylococcal antigens were assessed by Western blotting. 
Results: Staphylococcal antigens are highly susceptible to degradation by proteases of B. subtilis 168. 
Compared to strain 168 and previously described protease mutant B. subtilis derivatives, the genome-reduced 
strain PG10 showed superior performance in the secretory production of staphylococcal antigens. 
Conclusion: The genome-reduced B. subtilis strain PG10 represents an excellent starting point towards 
development of a lean cell factory for vaccine production. 
1 Reuß D. et al. 2017. Genome Res. 27: 289-299. 

 
 



Oral Presentations 
 

 
7th European Conference on Prokaryotic and Fungal Genomics (ProkaGENOMICS) 15 

O 04 
Genetic and functional variability of Bacillus velezensis strains applicable for a biotechnological use for 
plant growth promotion and protection 
O. Reva1 
1University of Pretoria, Biochemistry, Pretoria, ZA 

Bacillus amyloliquefaciens ssp. plantarum is considered as a paradigm of plant growth promoting rhizobacteria. 
Recently this taxon has been recognized as a separate species Bacillus velezensis (Dunlap et al., 2015) 
constituting the B. amyloliquefaciens operational group (Fan et al., 2017). Seven B. velezensis strains were used 
in this study in a number of trials to investigate their biological properties and activities in terms of plant growth 
promotion, bacterial and fungal pathogen growth suppression, synthesis of polypeptide antibiotics and growth 
preferences. A significant strain level versatility was observed. The selected strains represented 3 distinguishable 
clades: rhizobacteria with versatile activities responding positively to root exudate stimuli by the growth 
acceleration; more specialized endophytic bacteria overproducing secondary metabolite and requiring rich media 
for the growth; and the strain isolated from arid areas, which preferred poor mineral media for the growth and 
showed a narrowed spectrum of antibacterial activity. Complete genome sequences of the selected strains were 
obtained and compared to sequences of 62 strains of B. velezensis available from RefSeq database. 
Evolutionary trends towards adaptations to endophytic, rhizosphere and desert soil conditions were investigated. 
Genetic markers for an identification of different clades of B. velezensis were proposed. 
References: 
Dunlap CA et al. (2015) Bacillus velezensis is not a later heterotypic synonym of Bacillus amyloliquefaciens; 
Bacillus methylotrophicus, Bacillus amyloliquefaciens subsp plantarum and 'Bacillus oryzicola' are later 
heterotypic synonyms of Bacillus velezensis based on phylogenomics. Int J Syst Evol Microbiol. doi: 
10.1099/ijsem.0.000858. 
Fan et al., (2017) Bacillus amyloliquefaciens, Bacillus velezensis, and Bacillus siamensis form an "Operational 
Group B. amyloliquefaciens" within the B. subtilis species complex. Front. Microbiol. 
doi.org/10.3389/fmicb.2017.00022. 

O 05 
Characterization of membrane bound dehydrogenases from the metagenome of acetic acid bacteria 
A. Ehrenreich1, S. Gruber1, D. Kostner1, M. Mientus1, B. Peters1, W. Liebl1 
1TU-München, Chair of Microbiology, Freising, DE 

Acetic acid bacteria possess numerous membrane-bound dehydrogenases in their periplasm and cytoplasmic 
membrane that contain PQQ or FAD as cofactors. The active site of those enzymes is oriented towards the 
periplasm and they perform stepwise stereo- and regio-selective oxidations of alcohols, polyols, sugars and sugar 
derivatives, while the carbon skeleton of the substrates is preserved. Electrons from those oxidations are fed in 
the electron transport chain. Thus, acetic acid bacteria can be seen as ideal oxidative catalysts for biotechnology, 
especially since many of the oxidations they perform are impossible or hard to achieve by organic chemistry and 
the organisms are, accordingly, used in many biotechnology processes. 
Acetic acid bacteria comprise a multitude of organisms forming various genera and each single strain contains 
many membrane bound dehydrogenases of different, but often overlapping specificity. To this end, we have 
developed methods that allow deletion, overexpression and high-throughput characterization of membrane bound 
dehydrogenases. Those methods were used to characterize enzymes from a multitude of strains and, since many 
acetic acid bacteria have not yet been cultured in the laboratory, those enzymes were also identified, cloned, 
expressed and characterized from metagenomes of mothers of vinegar. For functional expression of those 
enzymes, a modified strain of Gluconobacter oxydans devoid of its native membrane bound dehydrogenases was 
used. This approach allows the identification of new membrane bound dehydrogenases and of variations of 
known ones. Additionally, expression of single enzymes enabled avoidance of competing or follow-up oxidations. 
This can be used for the construction of stains that could be used biotechnologically, opening new applications of 
acetic acid bacteria. For example, the newly identified substrates that have been converted by membrane bound 
dehydrogenases include interesting aroma active compounds. 

O 06 
Study of Armillaria borealis pathogenicity by the comparative whole genome sequencing 
Y. Putintseva1, I. Pavlov1,2, N. Oreshkova1,2, V. Sharov1,3, D. Kuzmin1,3, S. Makolov1,3, K. Krutovsky1,4,5,6 
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1Siberian Federal University, Laboratory of Forest Genomics, Krasnoyarsk, RU 
2V.N. Sukachev Institute of Forest of Russian Academy of Sciences , Laboratory of Reforestation, Mycology and Plant 
Pathology, Krasnoyarsk, RU 
3Siberian Federal University , Center of High Performance Computing, Krasnoyarsk, RU 
4Georg-August University of Göttingen, Forest Genetics and Tree Breeding, Göttingen, RU 
5N.I. Vavilov Institute of General Genetics of Russian Academy of Sciences, Laboratory of Population Genetics, Moscow, RU 
6Texas A&M University, Department of Ecosystem Science and Management, College Station, RU 

Motivation and Aim: Armillaria mellea s.l. is one of the main fungal pathogens of woody plants of the boreal 
forests. Similar species, Armillaria borealis (Marxm. & Korhonen) is widely distributed in Siberia and the Far East 
and is also causing the root rot disease leading to a weakening or often death of woody plants. Yet, no large-
scale "-omics" data are available for these species that can help to uncover their pathogenicity. Therefore, we 
sequenced the genome and five transcriptomes of A. borealis to further promote the study of basidiomycete 
pathogenicity. 
Methods and Algorithms: The A. borealis genome and five transcriptomes have been de novo sequenced, 
assembled and characterized in this study. Fungal material was obtained from an active mycelia of A. borealis 
collected from Abies sibirica trees died in 2015 and differed by the factors that caused their death. RNA and DNA 
isolated from these samples were sequenced using 250-bp insert paired-end libraries on the Illumina MiSeq 
platform at the Laboratory of Forest Genomics of the Siberian Federal University. A de novo genome assembly 
and gene expression analyses of five transcriptomes were performed using the CLC Genomics Workbench. 
Gene model predictions were conducted using the MAKER2 pipeline. A preliminary functional annotation of 
predicted gene models and gene ontology assignment were performed using Blast2GO. 
Results: A. borealis genome assembly was ~66.8 Mbp long with N50 for contigs equaled 17 Kbp. The length of 
the mitochondrial genome was 103.5 Kbp. Gene expression analysis of five transcriptomes from samples with 
different degrees of pathogenicity showed significant difference in expression of genes involved in plant cell wall 
degradation. 
Conclusion: Currently, work is underway to improve the quality of assembly and annotation of A. borealis and to 
construct metabolic pathways of Armillaria pathogenicity. These genome and transcriptomes contribute to the 
studies of woody plants fungal pathogens, and our results provide useful insights towards identifying specific 
genes potentially associated with pathogenesis and other metabolic functions. 
Acknowledgements: This study was supported by Research Grant No. 14.Y26.31.0004 from the Government of 
the Russian Federation. 

Omics at its best – Global Gene Regulation & Proteome Dynamics I 
 
O 07 
RNAseq-based transcriptomics approaches to unravel gene regulatory networks in biotechnologically 
relevant Actinobacteria 
C. Rückert1, A. Albersmeier1, T. Busche1, K. Pfeifer-Sancar1, J. Kalinowski1 

1Bielefeld University, CeBiTec, Bielefeld, DE 

Introduction: Actinobacteria are widely studied and used in science and industry due to their ability to produce a 
wide variety of secondary metabolites as well as bulk chemicals like amino acids. A detailed understanding of the 
underlying gene regulatory networks can greatly aid optimizing production of the desired compound(s). 
Objectives: The aims of this work were identification of promoters, novel ncRNAs, operons, and global regulatory 
networks in Actinobacteria, exemplified for the two industrial workhorses Corynebacterium glutamicum ATCC 
13032 and Streptomyces lividans TK24. 
Materials & methods: In addition to standard Illumina stranded RNAseq, we developed a protocol to enrich for 5’-
ends of primary transcripts to identify promoters and a novel technique to identify promoters recognized by ECF 
sigma factors in vitro. In addition, we developed bioinformatic tools to help to identify novel transcripts, operon 
structures and transcription start sites from the RNAseq data. 
Results: For C. glutamicum, we were able to identify 2454 sigA/sigB dependent promoters, including those of 261 
asRNAs. An in-depth analysis of these promoters allowed us to greatly improve the motives of the extended -10 
region, of sigB dependent promoters and of the UP element. In order to address the targets of ECF sigma factors, 
the novel technique ROSE was applied to identify the promoter sequences recognized by the four sigma factors 
SigC, SigD, SigE, and SigH to identify the recognized consensus motives. 
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A similar strategy was applied recently for S. lividans, in addition to an investigation of the transcriptional 
response of C. glutamicum & S. lividans to several external stimuli (complex vs. minimal medium, light vs. dark) 
to study the global regulatory networks involved and identify potential target promoters for synthetic biology 
approaches. The results of these studies will be presented here. 
Conclusion: RNAseq-based methods allow an in-depth study of global bacterial regulatory networks and to 
unravel the underlying sequence patterns. In turn, these deliver interesting targets for use in metabolic 
engineering and synthetic biology. 

O 08 
Global control of metal ion homeostasis by the essential second messenger cyclic di-AMP in Bacillus 
subtilis 
J. Gundlach1, C. Herzberg1, J. Stülke1 
1University of Göttingen, Göttingen, DE 

The second messenger cyclic di-AMP is essential in the Gram-positive model organism Bacillus subtilis and in 
related pathogenic bacteria. The di-nucleotide controls the activity of the conserved ydaO riboswitch and of 
several proteins involved in potassium and manganese homeostasis. So far, the essential function of c-di-AMP 
has remained elusive. We have identified the YdaO protein as a novel conserved potassium transporter, which 
we renamed KimA (K+ importer A). Expression beyond the c-di-AMP-responsive riboswitch of the kimA mRNA is 
only possible at low potassium concentrations. So far, the signals that trigger c-di-AMP synthesis are unknown. 
We demonstrate that high potassium concentrations are required for c-di-AMP accumulation. At low potassium 
concentrations, c-di-AMP is dispensable as demonstrated by the deletion of all genes encoding c-di-AMP-
synthesizing enzymes. A strain without c-di-AMP is not viable at normal potassium concentrations unless it 
acquires suppressor mutations in the cation exporter NhaK that facilitate potassium export. Our results 
demonstrate that the control of potassium homeostasis is the essential function of c-di-AMP.  
Commichau et al. (2015) Mol. Microbiol. 97: 189-204. 
Gundlach et al. (2017) Sci Signal 10: eaal3011. 

O 09 
Experimental discovery and expression profiling of small RNAs abundant in Burkholderia cenocepacia 
J2315 biofilms. 
A. Sass1, S. Kiekens1, T. Coenye1 
1Ghent University, Pharmaceutical Sciences, Ghent, BE 

Burkholderia cenocepacia is a member of the Burkholderia cepacia complex (Bcc), opportunistic pathogens 
infecting cystic fibrosis patients and immunocompromised individuals. Infections with Bcc bacteria are very 
difficult to treat due to their high innate antimicrobial resistance. Biofilm formation further contributes to their 
recalcitrance. 
Small non-coding RNAs (sRNAs) can fine-tune regulatory processes such as biofilm formation. In Burkholderia 
species, sRNAs are to date largely uncharacterised. Our aim was to identify and characterize sRNAs expressed 
in B. cenocepacia biofilms. 
sRNAs were identified via transcription start site mapping [1]. Transcription start sites not associated with a 
coding sequence and resulting in a short highly expressed transcript were further examined. Transcripts with a 
pronounced secondary structure, a rho-independent terminator and a relatively high degree of conservation were 
designated candidate sRNAs. Expression of these sRNAs in different growth phases, stress conditions and in 
biofilms was analysed by qPCR and Northern Blotting. Putative targets of small RNAs were predicted 
computationally. Five sRNA deletion mutants were constructed and characterised. 
Expression analysis of candidate sRNAs showed that most were more abundant in biofilms compared to 
planktonic culture, and many were more abundant under conditions of reduced nutrient availability compared to 
rich media. Deletion of sRNAs did not alter biofilm formation. Mutants showed a altered phenotype regarding cell 
aggregation, growth rate and expression of outer membrane proteins. Co-incidently, outer membrane proteins 
were also over-represented within computational predicted targets for these sRNAs. 
[1] Sass, A.M. et al. BMC Genomics 16:775 (2015) 
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Dissecting the differences in the responses to hardwood and softwood by the white-rot Dichomitus 
squalens 
P. Daly1, S. Casado-Lopez1, M. Peng1, S. Purvine2, Y. M. Kim2, V. Singan3, R. Riley3, K. Hilden4, M. Makela4, R. 
de Vries1,5 
1Westerdijk Fungal Biodiversity Institute, Fungal Physiology, Utrecht, NL 
2Pacific Northwest National Laboratory, Earth and Biological Sciences Directorate, Richland, US 
3Joint Genome Institute, Walnut Creek, US 
4University of Helsinki, Department of Food and Environmental Sciences, Helsinki, FI 
5Utrecht University, Utrecht, NL 

Introduction 
White-rot fungi are the key degraders of lignocellulosic plant biomass in the environment. This degradation is 
essential for the carbon cycle as well as providing enzymes for the advanced bioeconomy. D. squalens is a white-
rot fungus that can grow on both hard- and softwoods. Much remains to be discovered about the mechanisms by 
which white-rot fungi distinguish their response to wood type. 
Objectives 
The objective was to identify the differences in responses to hardwood and softwood and determine whether 
these were due to the major compositional differences in the polysaccharide and lignin components of the woods. 
Materials & Methods 
D. squalens was cultured in solid-state cultures with hard- or softwood sticks and subjected to transcriptomics, 
intra- and extracellular proteomics and metabolomics analyses with follow-up (bio)chemical analyses. 
Results 
In depth analyses of the omics datasets and how they correlate will be presented. Differentially expressed plant 
biomass degrading Carbohydrate Active enZyme (CAZy) genes could be related to compositional differences in 
the wood types. Furthermore, higher xylanase enzyme activities were measured from the cultures with hardwood 
(the wood type that contains greater amounts of the polysaccharide xylan). Metabolomics analysis showed 
differences in the abundance of metabolites likely due to wood type such as higher levels of the lignin related 
aromatic syringic acid in the hardwood cultures.  
Conclusions 
The response to wood type is complex whereby it is easier to attribute differences in the response (i.e. specificity) 
to components of the polysaccharides than lignins. 

MetaOmics & Microbial Ecosystems I  
 
O 11 
Integrated functional analyses of the coding and non-coding metatranscriptome of the human gut 
microbiome 
A. Heintz-Buschart1, P. May1, B. Rommes1, P. Wilmes1 
1Luxembourg Centre for Systems Biomedicine, Esch-sur-Alzette, LU 

Introduction 
The human gut microbiome has been recognized as a complex ecosystem contributing essential functions to its 
host. However, elucidation of gene functions remains incomplete, in particular in taxa that are not well described. 
Moreover, and despite the fact that the importance of non-coding RNAs in host-microbe interaction has been 
demonstrated for the enteric system, the commonly set focus on protein-coding genes predicted from the 
metagenome has pre-empted the acquisition of knowledge on the non-coding metatranscriptome. 
Objectives 
The objective of the presented work is to improve methods to predict functions of the coding and non-coding 
metagenome by integrating sRNA and totalRNA metatranscriptome sequencing data. 
Materials & Methods 
Sequencing of the metagenome and metatranscriptome (small and longer RNAs) of human gut microbiome 
samples was performed, followed by de-novo assembly and protein-coding gene annotation using Prodigal. Gene 
functions for predicted coding sequences were annotated using HMMs for KEGG KOs, Pfam domains, FOAM, 
MetaCyc, Brenda and UniProt. Using metatranscriptome data to define non-coding transcribed regions of interest, 
non-coding genes were predicted and functional annotated using sequence similarity, read signatures and 
covariance-models from Rfam. 
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Results 
Reconstructions of the metagenome were improved by the integrated usage of metagenomic and 
metatranscriptomic reads. While 88% of the metagenomic sequence length was predicted to contain protein- or 
tRNA- or rRNA-coding regions on at least one strand, for 7% of the metagenomic sequences, transcripts were 
detected outside of the coding regions or in anti-sense orientation. Functions could be annotated to 60% of the 
predicted proteins, which were represented by 66% of the metatranscriptomic reads, representing a significant 
improvement over blast-based annotation methods or mapping of metatranscriptomic reads to reference 
databases. Transcripts, also from reconstructed genomes of taxa that have not yet been studied in detail, were 
predicted to be part of known none-coding regulatory RNA families. 
Conclusion 
To summarize, the presented analyses reveal coding and non-coding elements within the human gut 
metatranscriptome with potentially important roles in community function. 

O 12 
A Candidatus population inherent to the cow rumen sheds light on non-classical cellulose-degrading 
mechanisms 
A. E. Naas1, L. M. Solden2, I. M. Heggenes1, L. H. Hagen1, V. G. H. Eijsink1, R. I. Mackie3, N. M. Koropatkin4, M. 
Hess5, K. C. Wrighton2, P. B. Pope1 
1Norwegian University of Life Sciences, Faculty of Chemistry, Biotechnology and Food Science, Aas, NO 
2The Ohio State University , Dept. of Microbiology, Columbus, US 
3University of Illinois, Inst. for Genomic Biology, Dept. of Animal Sciences, Urbana, US 
4University of Michigan, Dept of Microbiology and Immunology, Ann Arbor, US 
5University of California, Davis, Dept. of Animal Science, Davis, US 

Introduction 
In Nature, obligate herbivorous ruminants have a close symbiotic relationship with their gastrointestinal 
microbiome, which proficiently deconstructs plant biomass. Despite decades of research, cellulose degradation in 
the rumen has thus far mostly been attributed to a limited number of culturable representatives, including 
Firmicutes and Fibrobacteres species. The Bacteroidetes are known to exert large influence within the rumen, 
however evidence for association of this phylum with cellulose degradation is limited. 
Objective 
Our objective was to describe a novel Bacteroidetes family ("Candidatus MH11") within the order Bacteroidales 
that is not closely related to any previously described taxa, and is predominant in a switchgrass-degrading 
microbiome recovered from the cow rumen. 
Materials & Methods 
We have used metagenomics, metaproteomics, bioinformatics, biochemistry and crystallography to obtain new 
information from the first Ca. MH11-affiliated genome bin. 
Results 
Metabolic reconstruction provided insights into the saccharolytic potential of a Ca. MH11-affiliated phylotype for 
which we propose the provisional name "Candidatus Polyenzymogenes ruminantium". The Ca. P. ruminantium 
genome encodes capabilities to degrade various lignocellulosic substrates via a comprehensive inventory of 
multi-modular carbohydrate active enzymes (CAZymes) that are putatively secreted via the Bacteroidetes-specific 
Type 9 secretion system (T9SS). Biochemical analyses of a cellulolytic gene cluster demonstrated cellulase 
activity, whereas metaproteomics detected expressed multi-modular CAZymes and core metabolic proteins, 
which indicated enrichment of Ca. P. ruminantium in fibre-adherent fractions. 
Conclusion 
We propose that Ca. P. ruminantium actively degrades plant biomass in the cow rumen and utilizes multi-domain 
catalytic cellulases secreted through the T9SS to contribute to cellulose deconstruction. The existence of multi-
modular cellulases in Gram negative Bacteroidetes, along with Gram positive bacteria and fungi, suggests that 
such arrangements are essential and have evolved within all major cellulolytic dominions inherent to the rumen. 

Infectiongenomics & Host Microbe Interplay  
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Comparison of computational approaches to microbiome characterization 
E. Castro Nallar1, M. Pérez-Losada1, K. Crandall1 
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Introduction 
Our understanding of the composition, function, and health implications of human microbiota has been advanced 
by high-throughput sequencing and the development of new genomic analyses. However, tradeoffs among 
alternative strategies for the acquisition and analysis of sequence data remain understudied. How do sequencing 
layout, sample complexity, and analysis pipeline affect taxonomic profiles? 
Methods 
In order to approach this, we simulated metagenomic datasets reflecting different read lengths (75-1000 bp), 
sequencing depths (100 k-10 M), number of species (10-1000), presence of highly related strains, and various 
combinations of viruses/bacteria. Likewise, we simulated different database composition scenarios including 
presence/absence of dominant microbes in the database. The resulting simulation design yielded ~1152 datasets 
analyzed using five pipelines (MetaPhlan2; metaMix, PathoScope2, Sigma, and ConStrains). We evaluated 
pipeline performance based on ROC analysis (specificity/sensitivity), relative root mean square error, and 
average relative error. 
Results 
When one microbial species is dominant (= 50% of simulated reads), marker-based methods tend to decrease in 
sensitivity. Conversely, genome-based methods do not exhibit this trend, rather sensitivity decreases when 
simulated reads are more distributed towards the 10-50 percentiles. When simulated reads are homogenously 
distributed among species, we observed that both marker- and genome-based methods perform relatively better. 
In addition, both marker- and genome based methods exhibit larger relative errors when dealing with 1000 bp 
reads, presumably as a consequence of the read mapper not being optimized for such read lengths. We 
consistently found smaller error estimates for the 75-300 bp read length range irrespective of the method, 
although genome-based methods show slightly larger relative error at 75 bp. 
Conclusion 
Our study enables researchers to make informed decisions relative to strengths and weaknesses of current 
taxonomic profiling methods and adjust their sequencing experiments accordingly. All datasets and parameter 
values used in the study are freely available to ensure reproducibility and future pipeline benchmarking. 

O 14 
Genomic regions associated with virulence and antibiotic resistance in Extraintestinal Pathogenic 
Escherichia coli strains Phylogenetic group B2 
 
Elif Bozcal1, Vahap Eldem2, Sohret Aydemir3, Mikael Skurnik4 

 
1University of Istanbul, Faculty of Science, Department of Biology, Basic and Industrial Microbiology Section, Istanbul-Turkey 
2University of Istanbul, Faculty of Science, Department of Biology, Zoology Section, Istanbul- Turkey 
3University of Ege, Faculty Medicine, Department of Microbiology and Clinical Microbiology, Izmir-Turkey 
4University of Helsinki, Department of Bacteriology and Immunology, Medicum and Research Programs Unit, 
Immunobiology, Helsinki-Finland 

 
Introduction 

Extraintestinal Pathogenic Escherichia coli (ExPEC) generally cause bloodstream infections (6). ExPEC 

infections have become difficult to overcome by virtue of resistance to many antibiotics frequently used for 

treatment. Therefore, ExPEC strains are considered as major threat for public health.  

Objectives 

We present here the draft genome sequences of 4 ExPEC isolates (EC-4, EC-6, and EC-88 and EC-101) 

obtained from Izmir, Turkey. Since ExPEC strains in phylogenetic group B2 are significant pandemic lineage of 

ExPEC strains, it is necessary to investigate genomic regions, acquired antibiotic resistance genes and virulence 

factors via in silico genomics. 

Materials & methods 

We characterized ExPEC isolates e.g. EC-4, EC-6, EC-88, and EC-101 using whole genome sequencing 

technique. Variant calling of these four ExPEC strain was performed via Snippy and SPAdes (ver3.10.1) was 

used for assembly and contigs were longer than500 bp in length and < 80% high quality base calls for 
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subsequent analysis (1). Annotation of contigs for the analysis was done by PROKKA and RAST server (5,7) 

Virulence associated regions were obtained from RAST Seed viewer and Virulence Finder (4). ResFinder was 

employed to predict antibiotic resistance genes (8). Plasmids were predicted by Plasmid Finder (2) and Multi 

Locus Sequencing of the genomes was carried out using MLST 1.8 server. 

Results 

ExPEC lineages were determined as ST131 (EC-4 and EC-6), ST26 and ST998, respectively. These strains have 

large plasmids including (>90-kb) IncFIB (AP001918), IncFII and p011. Among ST131genomes, IncX4 plasmid 

was also observed that had been identified before first time in colistin-resistant E. coli Sequence Type 101(3). 

Beta-lactam resistance was detected in all ExPEC strains derived from varied mobile genetic elements. 

Moreover, virulence associated regions derived from diverse plasmids was reported in ST131, ST26 and ST998 

genomes. 

Conclusion 

We observed that Beta-lactam resistance genes in assembled ExPEC genomes derived from different bacterial 

plasmids e.g. E. coli plasmid pEC_B24 and Leclercia adecarboxylata strain S86b plasmid pLA86b. We can 

indicate that Beta-lactam resistance spreads rapidly through plasmids. And plasmids can effect antibiotic 

resistance profiles of ExPEC. Integration of different virulence genes encoded by plasmid into ExPEC genomes 

might have an important role for shaping ExPEC evolution in diverse lineage. 
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The unfolded protein response (UPR) is conserved eukaryotic signaling pathway to counteract endoplasmic 
reticulum (ER) stress through extensive restructuring of the secretory pathway. During the life cycle of the 
biotrophic fungal phytopathogen U. maydis the UPR is inactive during saprophytic growth but specifically 
activated after successful penetration of the host. We identified the central UPR-regulator Cib1 (Clp1 interacting 
bZIP1) to physically interact with Clp1, an important developmental regulator of development inside the host 
plant. Both genes are crucial for pathogenic development and deletion strains are arrested after penetration of the 
leaf surface. Cib1-Clp1 complex formation results in stabilization of both Clp1 and Cib1 and alters the 
transcriptional program of the UPR, rendering cells hyper-resistant towards ER-stress. Transcriptional profiling of 
Clp1-mediated UPR modulation was used to understand the principles of long-term UPR activation throughout 
the host-pathogen interaction. Gene deletion analysis identified a previously uncharacterized UPR target gene, 
being specifically required for biotrophic growth of U. maydis. While growth under axenic conditions and ER-
stress resistance is not affected, deletion strains are avirulent in infection assays. Our results suggest that a 
single protein-protein inertaction regulates fungal development and modulation of the UPR pathway and by that 
aligns effector gene expression, secretion, and execution of developmental programs during the biotrophic 
interaction between U. maydis and Zea mays. 

Microbial Evolution, Population Genomics & Epidemiology 
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Background 
Yersinia pestis is the causing agent of plague, a zoonotic disease associated with rodents and their fleas that has 
affected human populations in three historical pandemics. The discovery of molecular signatures of Y. pestis in 
Eurasian individuals from the Late Neolithic until the Early Bronze Age (LNBA) suggests the presence of a form of 
plague long before the first documented pandemic. In an earlier study, only two complete genomes from the Altai 
region were reconstructed. 
Objectives 
The main aim of this study is to understand the Y. pestis diversity in Europe during the LNBA and how the 
bacterium spread in such vast territory during this period. 
Materials & methods 
DNA was extracted from 170 tooth and bone samples using clean room facilities, transformed into double-
indexed NGS libraries, shotgun sequenced and screened for the presence of Y. pestis DNA. Prior to further 



Oral Presentations 
 

 
7th European Conference on Prokaryotic and Fungal Genomics (ProkaGENOMICS) 23 

analysis all samples considered potential candidates, were deep shotgun sequenced. Furthermore, two samples 
were enriched for Y. pestis DNA by an in-solution capture technique. 
Results 
Here, we present the first six European Y. pestis genomes from the LNBA. Phylogenetic analyses show that all 
LNBA genomes studied here form a single ancestral clade that appears to be extinct nowadays. 
Genomic analyses show that the LNBA strains lack ymt and express now silenced genes, all of which are 
involved in the blocked-flea transmission. We discuss these findings in the light of a flea-based transmission 
model of Y. pestis during this period. Furthermore, we observe the loss of flagellar proteins that trigger the host 
immune response, which could be an indication of Y. pestis adapting to a new pathogenic lifestyle 
We interpret our Y. pestis data within the context of recent findings of ancient DNA research and archaeological 
data, which show an increase of human mobility during the LNBA. We propose that Y. pestis entered Europe 
during an expansion of Eurasian steppe pastoralist; persisted within or close to Europe, and finally, it returned to 
Central Eurasia with subsequent human movements (Figure 1). 
Conclusion 
We reconstructed six Y. pestis genomes from Europe dating to the period comprising the LNBA. We show that 
the LNBA strains form a clade that falls basal to all the Y. pestis genomes. These strains represent an 
evolutionary step of the pathogen before it became transmittable by fleas in a highly efficient manner. We 
propose that this lineage of Y. pestis was able to spread across large parts of Eurasia in the context of a strong 
increase of human mobility during the LNBA. 
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Figure 1 
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Introduction. The respiratory pathogen nontypeable Haemophilus influenzae (NTHi) persistently infects a 
significant proportion of Chronic Obstructive Pulmonary Disease (COPD) patients’ lower airways, and is usually 
associated with acute exacerbations of this chronic disease. 
Objectives. Based on the hypothesis that the COPD may be a unique niche favouring NTHi adaptation, this work 
aimed to unravel NTHi evolutionary dynamics in the COPD lungs over time, with the goal of identifying genomic 
patho-adaptive features. 
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Materials & Methods. Ninety-two NTHi strains were serially isolated from the sputum of 12 COPD patients 
during independent exacerbation episodes. The average time between episodes ranged from 145 to 3,304 days. 
The genomes of all isolates were sequenced using Illumina and a subset of 20 isolates were also sequenced 
using the Pacific Biosciences (PacBio) long-read sequencing technology to generate complete assemblies for 
one representative of each clonal type. 
Results. Ninety-two NTHi COPD isolates were phylogenomically analysed in the context of all publicly available 
NTHi genome sequences, organized in clonal types and used to establish variation in NTHi genome architecture. 
Comparison of genomic assemblies and variant tables generated by short-read alignment to the PacBio 
reference genomes produced evidence for parallel evolution in specific genes. In particular, 10 distinct clonal 
types had acquired loss-of-function mutations in the fadL (ompP1) gene during the course of chronic infection. 
Nearly all of the mutations were nonsense, frameshift or deletion mutations resulting in loss of protein expression. 
Conclusions. Analysis of fadL’s dual roles as a fatty acid transporter, as a ligand of the human CEACAM-1 
receptor and as a source of antigenic variation, suggests that loss of fadL function by NTHi adapting to the COPD 
lung presents a trade-off between resistance to microbicidal fatty acids and persistent colonization of airway 
epithelial tissues. 

O 18 
Epigenome-based adaptive evolution hypothesis: evidence from genome, methylome, transcriptome and 
phenotype analyses  
I. Kobayashi1,2 
1University of Paris-Saclay, I2BC, Gif-sur-Yvette, FR 
2Kyorin University, Schol of Medicine, Tokyo, FR 

The currently dominating model for adaptive evolution is selection from diverse genome sequences. Rather, 
diverse epigenomes may be regarded as the units of adaptive evolution. Indeed there are increasing lines of 
evidence for trans-generation epigenetic inheritance in multicellular eukaryotes. We explore this possibility in 
unicellular bacteria, in which germ-line cells can be equated with somatic cells, to the first approximation, such as 
Helicobacter pylori responsible for stomach cancer. 
One form of bacterial immunity, restriction-modification (RM) systems, distinguishes between self and non-self 
based DNA on epigenetic base methylation. We found RMs’ attack on host bacteria can increase their relative 
frequency (fitness) and proposed that they are selfish mobile elements just as viruses and transposons. Target 
sequence recognition domain (TRD) of several types of RMs move within a gene, between genes and beyond 
taxonomic barriers, changing sequence-specificity in DNA methylation systems. 
Many of H. pylori’s RM systems (20-30 per 1.6 Mb genome) frequently change their TRDs and generate millions 
of diversity in DNA methylome. DNA methylation locally affects gene expression. The ever-changing methylome 
may change transcriptome and, therefore, adaptive phenotype sets. Our works involving genome decoding, 
methylome decoding (by single-molecule real-time sequencing in a PacBio machine), transcriptome analysis 
(RNA-seq) and phenotype analysis support this hypothesis of epigenome-based adaptive evolution. The 
emerging gene regulation network with many DNA methyltransferases continues changing through changes in 
their sequence specificity pursuing adaptation --- a FIREWORK model for adaptive evolution. 
https://www.ncbi.nlm.nih.gov/books/NBK63963/ 
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Bacteria and Archaea are known to thrive in carbohydrate-rich habitats as decomposers of polysaccharides. In 
contrast, there have been few systematic studies on polysaccharide degradation or on the evolution of 
polysaccharide decomposing machineries. 
In order to obtain deeper insights into the carbohydrate metabolism in Halobacteria, we tested type strains of 
species within the family Natrialbaceae (Archaea) for their in silico predicted and in vivo ability to decompose 
polysaccharides. Genome-scale phylogenies were inferred from whole proteomes using the Genome BLAST 
Distance Phylogeny approach. Genes encoding carbohydrate active enzymes were retrieved from the genome by 
matching the CAZy database. Hydroloysis of polysaccharides was tested by incubating the strains in media with 
NaCl concentrations of 10–32% at low nutrient concentrations and in the presence of the corresponding azurin-
crosslinked polysaccharide. 
The genomes of the strains examined consisted of two chromosomes and one to seven plasmids. Strains 
belonging to the genera Halopiger and Halostagnicola were rich in CAZymes, but strains belonging to the genera 
Natronococcus, Natrinema, Natronorubrum, Natronolimnobius, Natronobacterium, Halobiforma and Halovivax 
were not. Genes encoding polysaccharide degrading enzymes are located on the smaller chromosome. 
Galactomannan, pachyman, Barley-ß-glucan and CM-cellulose were hydrolyzed only above 23% NaCl. 
Furthermore, the ability to grow on polysaccharides is directly correlated to the presence of genes of the semi-
phosphorylated Entner-Doudoroff pathway. 
The results presented here demonstrate the advantage of a combined genomic (in silico) and phenotypic (in vivo) 
approach to the systematic screening of polysaccharide decomposition among aerobic halophilic Archaea. 
Furthermore, the results led to a better appreciation of the key physiological and genomic features involved in the 
evolution and ecological importance of polysaccharide degradation at high salinity. 

MetaOmics & Microbial Ecosystems II 
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A multiomics approach to decipher organohalide respiration in tetrachloroethene-respiring 
Epsilonproteobacteria (Sulfurospirillum spp.) 
T. Goris1, J. Gadkari1, C. Schiffmann1,2, D. Türkowsky3, T. Schubert1, C. Sharma4, K. Förstner4, N. Jehmlich3, M. 
von Bergen3, L. Adrian3, G. Diekert1 
1Friedrich Schiller Universität Jena, Angewandte und Ökologische Mikrobiologie, Jena, DE 
2University of Göttingen, Göttingen, DE 
3Helmholtz Center for Environmental Research (UFZ), Leipzig, DE 
4University of Würzburg, Würzburg, DE 

Introduction 
Despite its environmental importance, organohalide respiration (OHR) is only slightly explored. This is mainly due 
to slow growth of the involved bacteria, but also because of genetic inaccessibility of the few faster growing 
organohalide-respiring bacteria (OHRB). Here we applied genomics, transcriptomics and proteomics to study 
OHR in tetrachloroethene(PCE)-respiring Epsilonproteobacteria belonging to Sulfurospirillum spp. 
Objectives 
We were interested in the protein equipment for tetrachloroethene respiration in Sulfurospirillum and the global 
response of the organism to halogenated ethenes. Additionally, the regulation of organohalide respiration is 
subject of this study. 
Materials & Methods 
The genomes of four different Sulfurospirillum closely related to S. multivorans (S. halorespirans and the non-
dehalogenating S. multivorans N and Sulfurospirillum sp. JPD1) were sequenced, analyzed and compared to 
other relevant genomes. S. multivorans and S. halorespirans cells lacking the equipment to respire PCE were 
generated by growth with nitrate instead of PCE. The transcriptomes (RNAseq data) and proteomes of these cells 
were compared to those obtained from cells actively growing with PCE. 
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Results 
The OHR region found in Sulfurospirillum spp. is unusually large (about 40 kDa) and highly conserved in all 
Sulfurospirillum species, but very different to those from other phyla. Nearly all genes of this region are expressed 
exclusively when PCE is present. Besides the PCE reductive dehalogenase and genes for cofactor maturation, 
several proteins were found whose roles are subject to speculation - a putative quinol dehydrogenase and a small 
membrane protein could participate in the respiratory chain, a peroxidase in stress response and an IscU-like 
protein in maturation. Genes encoding a two-component regulatory system were found to be disrupted in the non-
dechlorinating Sulfurospirillum spp. and might therefore play the main role in regulation of PCE respiration. 
Conclusion 
The multiomics approach subjected to Sulfurospirillum spp. revealed important informations about the proteins 
involved in OHR of the bacterium and can be applied to other OHRB. This could aid more efficient bioremediation 
of environments contaminated with organohalides. 

O 21 – Abstract has been withdrawn 
O 21 – 2 
Enigmatic “ARMAN” archaea depend on association with euryarchaeal host Cuniculiplasma divulgatum 
in culture and in situ 

 
O. V. Golyshina1, S. V. Toshchakov, K. S. Makarova, S.N. Gavrilov, A. A. Korzhenkov, V. La Cono, E. Arcadi, T. 
Y. Nechitaylo, M. Ferrer, I. V. Kublanov, Y. I. Wolf, M. M. Yakimov, P. N. Golyshin1 

 

1School of Biological Sciences, Bangor University, Deiniol Rd, Bangor, LL57 2UW, UK 

 
Fascinating, yet uncultured ‘ARMAN’- like archaea are considered be reliant on other members of the microbial 
community1. However, it remains unresolved which hosts they depend upon and the reasons of their resistance to 
cultivation, which explains the absence of complete genomes. We co-cultured ARMAN-2-related archaeon, 
Mia14, with Cuniculiplasma divulgatum PM4 (formerly known from metagenomic data as “G-plasma”) during the 
isolation of this strain from acidic stream in Parys Mountain (Isle of Anglesey, UK). Previously we reported that C. 
divulgatum was found to be hyperacidophilic and organoheterotrophic organism representing a new species, 
genus and family within the order Thermoplasmatales/Euryarchaeota2,3. The binary culture was highly enriched 
by Mia14 (ca. 10% genomic reads, or ca. 20% of cell numbers). Its complete 0.95 Mbp genome exhibited severe 
voids in metabolic pathways, indicating reliance on the host, C. divulgatum PM4. Inspection of C. divulgatum 
isolates from geographically remote settings and shotgun sequence data of Parys Mountain samples indicated 
substantial genetic exchange between Mia14 and hosts in situ. Among organisms of ‘DPANN’ superphylum with 
high-quality genomic assemblies, the Mia14 lineage demonstrated the most significant gene transfer, with dozens 
of genes acquired that are involved in the host intercommunication and the highest rate of gene losses in this 
superphylum4.  
 

References: 

1. Baker et al. Proc Natl Acad Sci U S A. 2010. doi:10.1073/pnas.0914470107. 
2. Golyshina et al. Int J Syst Evol Microbiol. 2016. doi: 10.1099/ijsem.0.000725.  
3. Golyshina et al. Sci Rep. 2016. doi: 10.1038/srep39034.  
4. Golyshina et al. Nat Commun. 2017. doi: 10.1038/s41467-017-00104-7.  
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New insights into the general stress response of Bacillus subtilis - the σB modulon 
A. Reder1, U. Mäder1, U. Gerth2, M. Hecker2, U. Völker1 
1University Medicine Greifswald, Functional Genomics, Greifswald, DE 
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Introduction: Almost all living cells have evolved a so called general stress response that mediates elevated 
resistance to a broad spectrum of otherwise lethal environmental stimuli. In B. subtilis the general stress 
response is under primary control of the alternative sigma factor SigB. 
Objectives: Interestingly, activation of SigB by different stress stimuli does not cause identical induction ratios of 
all SigB regulated genes, but rather causes target gene expression specific to the primary stress stimulus, 
indicating an interplay with additional regulatory systems. Furthermore, it was striking that many genes also seem 
to be repressed in a SigB dependent but mechanistically unknown fashion. 
Materials & Methods: To comprehensively explore the size, structure and regulatory mechanisms of/in the SigB 
regulon, we performed global transcriptomics and proteomics experiments comparing the B. subtilis wild-type 168 
to a set of mutant strains lacking SigB, MgsR, Spx and MgsR/Spx. Additionally, a strain allowing xylose 
dependent but stress independent expression of active SigB (PxylA::sigB) was used. 
Results: The SigB regulon is much larger and its structure is much more complex than previously known. 
Secondary regulators such as Spx and MgsR integrate additional signals beyond the primary decision of SigB 
activation creating stress specific sub-regulons. SigB also coordinately shuts off the expression of hundreds of 
genes. Two major examples for this observation are the SigB dependent inactivation of the master regulator of 
sporulation (Spo0A) as well as competence development (ComK). 
Conclusion: Here we present an elaborate model of a hierarchically ordered regulatory pathway with the primary 
master regulator SigB allowing downstream-integration of secondary stress stimuli for a modulary target gene 
expression. Furthermore, a new role as global emergency brake system was assigned to SigB, silencing 
alternative developmental programs under stress conditions. 

Figure 1 
 

 
 
O 23 
Revisiting the stringent response in Corynebacterium glutamicum 
M. Persicke1, M. Ruwe1, J. Kalinowski1 
1Bielefeld University, Center for Biotechnology (CeBiTec), Bielefeld, DE 

The highly conserved reaction to nutrient deficiencies in bacteria and plant chloroplasts is referred to as stringent 
response and characterized by the production of the hyperphosphorylated guanosine derivatives guanosine 
pentaphosphate and guanosine tetraphosphate ((p)ppGpp). For several years it was assumed that stringent 
response in the actinobacterium C. glutamicum consists only of the bifunctional Rel protein which catalyzes 
(p)ppGpp synthesis and hydrolysis (Wehmeier et al. 1998; Tauch et al. 2001; Brockmann-Gretza und Kalinowski 
2006). 
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We recently revisited the gene repertoire of short alarmone synthetases (SAS) and hydrolases (SAH) in C. 
glutamicum by bioinformatic analyses and identified three novel genes potentially involved in (p)ppGpp synthesis 
and breakdown, named relS, relQ and relH. Creation of defined C. glutamicum mutants and complementation of 
E. coli mutants in the stringent response, together with enzyme characterization assigned (p)ppGpp synthesis to 
the RelS protein, whereas the RelQ protein, although being similar in sequence to SAS proteins from Firmicutes, 
did not show synthetase activity in vitro. The RelH protein was characterized as SAH. Thereby, we could extend 
the number of proteins in the stringent response by two. In addition, it turned out that the RelS protein is able to 
synthesize not only pppGpp from GTP and ATP and ppGpp from GDP and ATP in vitro, but also pGpp from GMP 
and ATP. Moreover, its unusual enzyme characteristics makes it ideal to produce highly pure pGpp, ppGpp, or 
pppGpp, substances either not available commercially or of pure quality. 
By using these highly pure hyperphosphorylated nucleosides as radioactively labelled standards, we also 
analysed the stringent response in C. glutamicum in vivo. Interestingly, the presence of high levels of pGpp in C. 
glutamicum cells in vivo were found upon induction of the stringent response, pointing at a specific function of this 
substance in this important regulatory module in C. glutamicum. 
Literature 
Brockmann-Gretza, O.; Kalinowski, J. (2006): BMC Genomics 7, p. 230. 
Tauch, A.; Wehmeier, L.; Gotker, S.; Pühler, A.; Kalinowski, J. (2001): FEMS Microbiol Lett 201 (1), pp. 53–58. 
Wehmeier, L.; Schafer, A.; Burkovski, A.; Kramer, R.; Mechold, U.; Malke, H. et al. (1998): Microbiology 144 (Pt 
7), pp. 1853–1862. 
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Microbiome Host Interaction 
 
O 24 
Tackling the gut mycobiome of elite athletes 
C. E. Huseyin1,2,3, P. D. Scanlan1, P. D. Cotter1,2 
1APC Microbiome Institute, University College Cork, Cork, IE 
2Teagasc Moorepark, Food Research Centre, Fermoy, IE 
3University College Cork, Microbiology Department, Cork, IE 

Introduction 
The human gut is home to a myriad of different microorganisms. This complex community has been the focus of 
a plethora of studies primarily focused on disease aetiology. However, very few studies have focused on 
investigating distinct groups of healthy individuals. Recent analysis of the bacterial fraction of the gut microbiome 
of professional rugby players and controls showed key differences in bacterial diversity and functionality between 
athletes in contrast to controls. 
The gut mycobiome (the fungal community) has gained considerable research attention in recent years as the 
scope of microbiota research has expanded to attain a more complete picture of the gut microbiota. Again, these 
studies have predominantly focused on disease aetiology; whether the differences that have been observed are a 
cause or consequence of the disease remains to be elucidated. An often forgotten prerequisite to studying a 
disease state is determining what the norm is during health. Here we have investigated an extreme case of 
healthy individuals by studying athletes at a time of peak athletic performance. 
Objectives 

 To analyse the gut mycobiome of elite athletes versus two distinct control groups recruited on the basis 
of their body mass index (BMI). 

 To investigate correlations between the mycobiome and clinical data also collected. 
Materials & Methods 
We used a next generation sequencing approach targeting the fungal ITS region to analyse the gut mycobiome of 
elite male athletes and two control groups (males with low BMI <25 and high BMI >28). 
Results 
No significant difference in fungal diversity between the two control groups was observed. However, the diversity 
and composition of the athlete mycobiome is significantly more diverse and also compositionally different to the 
mycobiome of the control groups, with specific fungal taxa present at significantly different levels in athletes when 
compared to controls. Significant correlations between fungal diversity and clinical data are also observed. Urea, 
which was also a significant correlation in the previous bacterial study and also HDL are positively correlated with 
specific fungal alpha diversity measures.  
Conclusions 
BMI alone does not account for differences in the fungal diversity in our dataset suggesting that either the diet 
and/or exercise regime may play an important role in differences in observed between elite male athletes and 
controls. 

O 25 
Dysbiosis in plant-endophyte partnership: repeated short exposures of sulfamethoxazole and 
trimethoprim at micro-concentrations can disturb the microbial community in soft rush, Juncus effusus 
M. Arslan1, M. Santoni1,2, T. Neu3, D. Pieper4, J. Müller1 
1Helmholtz Centre for Environmental Research, Environmental Biotechnology, Leipzig, DE 
2La Sapienza, Universita di Roma, Rome, IT 
3Helmholtz Centre for Environmental Research, Department River Ecology, Magdeburg, DE 
4Helmholtz Centre for Infection Research, Braunschweig, DE 

Plants harbour complex endophytic communities that typically play a beneficial role for growth and development 
of their host. A disturbance of these interactions can be detrimental for the plant. 
In this study, our objectives were to query whether certain organic micropollutants might interfere with the plant-
bacteria partnership and, if so, how the endophytic community responds. 
Towards these aims, a wetland plant, soft or common rush (Juncus effusus), was repeatedly exposed to low 
aqueous concentrations of sulfamethaxazole and trimethoprim, two antibiotics which are frequently found in the 
environment. Plant status was assessed based on evapotransporation rates as indicator of plant fitness and by 
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visual inspection. Changes of endophytic communities in roots and shoots of exposed and unexposed plants 
were tracked via culture-dependent (MPN, isolation of bacterial strains) and culture-independent (qPCR, FISH, 
Illumina 16S rRNA gene amplicon sequencing) approaches. The in planta physiological response was evaluated 
via the detection of reactive oxygen/nitrogen species (ROS/RNS) using confocal laser scanning microscopy 
(CLSM). 
During the first dose of antibiotics, evapotransporation rates decreased and the plants became infested with 
insects. After omitting the antibiotics, evapotransporation recovered to some extent, but after repeated exposures 
it was almost zero and did not recover. Eventually, the plant tissue turned necrotic and CLSM analysis showed 
increased generation of ROS/RNS in stressed plants, i.e. evidence for a microbial infection. Endophytic fungi 
were never observed microscopically. Comparative analyses of bacterial endophytic communities revealed that 
post-treated roots but not shoots had statistically significant increased abundances of Gammaproteobacteria, 
Firmicutes, and Actinobacteria. Moreover, community profiles of post-treated roots and shoots differed 
substantially from their non-treated counterparts. 
In conclusion, this study provides evidence that antibiotics at environmentally relevant concentrations can trigger 
dysbiosis in a common wetland plant. 
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Towards Biotechnology: Metabolic Modeling & Genome/Enzyme Engineering 
 
P 01 
de.NBI - German Network for Bioinformatics Infrastructure 
D. Wibberg1 
1Center for Biotechnology (CeBiTec), Bielefeld University, Bielefeld, DE 

In recent years, the modern life sciences research underwent a rapid development that was driven mainly by the 
technical improvements in analytical areas in terms of miniaturization, parallelization and high through-put of 
biological samples and thus the generation of huge amounts of experimental data. Prominent examples of this 
ongoing development are the omics techniques featuring the analysis of the various levels of information storage 
and processes in living cells, and the numerous new imaging techniques providing insights into biological 
systems to a hitherto unprecedented depth. The ever growing application of these novel techniques and the 
exploitation of the resulting data have revolutionized many fields of science and are furthermore opening new 
areas of basic and applied research with considerable opportunities for life sciences. The bottleneck that prevents 
realization of the full potential of the different omics technologies is not the data generation itself, but the 
subsequent data analysis. 
The German Network for Bioinformatics Infrastructure (de.NBI) takes care of this challenge in many areas of life 
sciences with its mission to provide, expand and improve a repertoire of specialized bioinformatics tools, 
appropriate computing and storage capacities and high-quality data resources. These efforts are supplemented 
by a training program providing courses on the supplied tools. 
de.NBI is an academic funding initiatve of the German Ministry of Research and Education (BMBF) and started in 
March 2015. The consortium currently consists of 40 project partners organised in eight service centers and one 
central administration and coordination unit. The service centers offer a variety of training courses and 
bioinformatics services, online databases, software libraries, and tools as webservices and/or for download. 
Furthermore, consulting on individual issues is available. Services are aimed at application users in life sciences 
as well as bioinformaticians and developers. The de.NBI services will be unified with regard to standards, 
interchangeability and reproducibility. 
Further reading at: http://www.denbi.de 

P 02 
Vibrio natriegens – the novel microbial sprinter for industrial biotechnology 
B. Blombach1 
1University of Stuttgart, Institute of Biochemical Engineering, Stuttgart, DE 

High productivity is an important pillar of economic success for the microbial production of commodities. The 
productivity of industrial fermentation processes is restricted by the biomass specific substrate consumption rate 
(qS) of the microbial production system. Since qS depends on the growth rate (µ), we highlight the potential of 
the fastest growing non-pathogenic bacterium, Vibrio natriegens, as novel powerhouse for future biotechnological 
processes. Fermentations in minimal medium with glucose showed that V. natriegens exhibits an exceptionally 
high qS under aerobic and anaerobic conditions. Fermentations with resting cells of genetically engineered V. 
natriegens under anaerobic conditions yielded an overall volumetric productivity of 0.56 ± 0.10 g alanine L-1 min-1 
(i.e. 34 g L-1 h-1). These inherent properties render V. natriegens a promising new microbial platform for future 
industrial fermentation processes operating with high productivity. 

P 03 
Genetic barcoding and metabarconding in biotechnology 
A. Salawu-Rotimi1, O. REVA1 
1University of Pretoria, BIOCHEMISTRY(Center for Bioinformatics and computational Biology), Pretoria, ZA 

INTRODUCTION 
A wide range of genetic data about organisms of interest has become obtainable with the advancement to next 
generation sequencing (NGS). However, it remains a challenge for researchers to process this enormous volume 
of genetic data released by NGS and to apply this information to resolve practical questions. Genetic barcoding 
and metabarcoding of microorganisms is the first obvious area where NGS has met the need of applied 
microbiology. 

http://www.denbi.de/
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AIM  
The aim of this study was to develop an algorithm for effective design of diagnostic barcodes based on multiple 
signature genomic loci to distinguish between closely related microorganisms 
OBJECTIVES 
To create and test metabarcodes (concatenated sequences of marker genes) for several groups of closely 
related bacteria species: Bacillus subtilis – Bacillus amyloliquefaciens; Bacillus cereus – Bacillus anthracis; 
Streptococcus; Lactobacillus; Escherichia – Shigella; Peptoclostridium and Prochlorococcus 
To evaluate performance of metabarcode sequences by using publically available metagenomic datasets 
To analyse functional categories of genes showing the best performance in metabarcoding of different groups of 
microorganisms 
To develop a standardized pipeline for metabarcode development for any given group of microorganisms 
MATERIALS AND METHOD  
In this study genetic barcode sequences were created for several taxonomic groups of microorganisms of 
medical and biotechnological importance. The developed barcodes were tested on metagenomics datasets 
representing different echo-niches. Sets of metagenomic reads were obtained from NCBI and MG-RAST 
databases. The DNA reads were aligned against the barcode sequence by BLASTN using an in-house Python 
script. 
RESULTS 
In addition to getting information regarding the natural distribution of different microorganisms, this program 
evaluated selectivity and specificity of fragments of the barcode sequences to allow noise reducing and 
improvement of sensitivity of the method. Statistical approaches of barcode evaluation were considered. The 
developed python script returned also rich graphical representations of the results of identification of species of 
interest in different habitats. 
CONCLUSION: 
The development of this computer based system will aid in tracking down biotechnological strains in the 
environment. The algorithm will also be beneficial in medicinal bacteriology for tracing down virulent 
microorganisms and causative agents of disease outbreaks. 

P 04 
Engineering Pseudomonas putida KT2440 for isobutanol production  
R. Nitschel1, A. Ankenbauer1, N. Wirth1, N. Ahmad2, S. McColm2, I. Fotheringham2, R. Takors1, B. Blombach1 
1University of Stuttgart, Institute of Biochemical Engineering, Stuttgart, DE 
2Ingenza Ltd., Edinburgh, GB 

Introduction. Isobutanol is an attractive choice as a next-generation biofuel. It has various desirable properties 
like high energy density, low vapor pressure and hygroscopicity as well as a similar octane number compared to 
conventional gasoline. Isobutanol production has been demonstrated in Escherichia coli and various other 
important industrial microorganisms (1). 
Objectives. Since P. putida has a high intrinsic tolerance against many organic compounds such as isobutanol. 
We aim to establish the production of this target molecule in this fast-growing and genetically accessible soil 
bacterium. 
Methods and results. As a basis for efficient isobutanol production and to prevent product degradation, P. putida 
strain GN346 (2) was evaluated, which contains 5 different knockouts (upp, pedE, pedI, pedH and PP_0545) 
involved in butanol degradation. These genes are likewise involved in isobutanol degradation and P. putida strain 
GN346 was unable to grow on isobutanol as sole carbon source. Furthermore, the deletion of the gene bkdAA, 
encoding the alpha subunit of the branched-chain keto acid dehydrogenase complex prevented degradation of 
the isobutanol precursor 2-ketoisovalerate. Additionally, we inactivated the transhydrogenase Stha to improve 
NADPH availability for isobutanol production. In the resulting P. putida strain an isobutanol production plasmid 
(pSEVA231_ ptac kivD yqhD alsS ilvC ilvD) has been introduced. This plasmid contains the genes of the Ehrlich 
pathway for isobutanol conversion, kivD (encoding keto acid decarboxylase from Lactococcus lactis) and the 
yqhD (encoding alcohol dehydrogenase from E. coli) as well as the gene alsS from Bacillus subtilis and native 
ilvCD for conversion of pyruvate to 2-ketoisovalerate under control of the constitutive tac promoter. Shaking flask 
experiments in minimal medium supplemented with 30 mM glucose as carbon source showed the production of 
11 ± 1 mg isobutanol L-1 after 24 hours of cultivation. A fed batch fermentation with an exponential glucose feed 
resulted in the production of up to 9 g 2-ketoisovalerate L-1 and 0.5 g isobutanol L-1 after 40 hours of cultivation. 
References: 
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 (1) Blombach & Eikmanns, (2011) Bioeng Bugs, 2 , 346–350. 
 (2) Simon et al. (2015). J Proteomics, 122, 11–25. 

P 05 
Metabolic engineering to guide evolution in Corynebacterium glutamicum 
A. Schwentner1, A. Feith1, E. Hoffart1, T. Busche2, C. Rückert2, J. Kalinowski2, R. Takors1, B. Blombach1 
1University of Stuttgart, Institute of Biochemical Engineering, Stuttgart, DE 
2Bielefeld University, Center for Biotechnology, Bielefeld, DE 

Introduction. Evolutionary approaches are often undirected, mutagen-based, and yield numerous mutations, 
which need elaborate screenings to identify relevant targets. We here present Metabolic Engineering to guide 
evolution (MGE), an evolutionary approach to identify and evolve new targets to improve microbial producer 
strains. 
Objective. Developing a labor-saving evolutionary approach that yields a manageable amount of mutations for 
further target identification. 
Materials & Methods. MGE consists of 3 phases: (i) Metabolic Engineering to put evolutionary pressure upon 
the strain of choice, (ii) an evolutionary growth phase that eventually yields an evolutionary event, and (iii) 
comparative whole genome sequencing (WGS), to identify evolutionary targets. Growth is used as a 
straightforward screening method. 
Results. In an applied approach, genes ppc and pyc, encoding the anaplerotic carboxylases for 
phosphoenolpyruvate and pyruvate, were deleted in C. glutamicum. The resulting strain showed negligible growth 
and was sequentially transferred for 14 days including concomitant screening for faster growing mutants. After an 
evolutionary event, WGS was performed to identify relevant mutations. In contrast to the initial strain C. 
glutamicum Δppc Δpyc, three independently evolved mutants showed growth rates of ca. 0.32 h-1 (ca. 80% WT 
growth rate). The intersection of the mutations revealed isocitrate dehydrogenase (ICD) as consistent target. 
Upon re-engineering in the basis strain, said mutations led to diminished ICD activities and activated the 
glyoxylate shunt. Suitability for production of the re-engineered strains was demonstrated by introducing plasmid 
pJC4ilvBNCE (1), enabling overexpression of the L-valine biosynthesis genes. These strains accumulated up to 
8.1 ± 1.0 g L-valine L-1 (3.4 times more than the reference C. glutamicum pJC4ilvBNCE), corresponding to a 
product yield of 0.16 ± 0.01 g L-valine per g glucose. 
Conclusions. These results proof MGE as suitable evolution approach. Its application identified ICD mutations 
as potent alternative to pyruvate dehydrogenase complex attenuated or deficient L-valine producer strains (2). 
References 
(1) Radmacher et al. (2002). Appl Environ Microb 68, 2246–2250. 
(2) Oldiges et al. (2014). Appl Microbiol and Biot 98, 5859–5870. 

P 06 
Towards novel bioactive compounds 
T. Chrudimsky1, K. Petrickova2, A. Chronakova1, M. Petricek3, V. Kristufek1 
1Biology Centre CAS, v.v.i, Institute of Soil Biology, Ceske Budejovice, CZ 
2First Faculty of Medicine, Charles University, Institute of Immunology and Microbiology, Prague, CZ 
3University of South Bohemia, Faculty of Science, Ceske Budejovice, CZ 

Actinomycetes represent an important source of biologically active chemicals such as antibiotics, antivirals, 
cancerostatics or immunomodulators. Sequencing data suggest that only minority of the actinomycetes 
biosynthetic potential can be exploited by cultivation under laboratory conditions. As the traditional activity-based 
screening techniques became ineffective with numerous re-discoveries of characterized metabolites, novel 
approaches are needed to reveal rarely produced structures and to activate silent genetic information. Here we 
present a screening technique based on single gene phylogeny. As key enzymes co-evolve with their metabolic 
pathways, their phylogeny corresponds with relationships among pathways and natural products that these 
pathways encode. Thus these essential enzymes represent relatively cheap and effective targets for genetic 
screening and prediction of potential novel producers. We demonstrate this principle on case of manumycine 
antibiotics that comprise two novel enzyme systems in their biosynthetic pathways: cyclizing aminolevulinate 
synthase and polyketide synthase with new type of chain length factor. 
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P 07 
Synthetic promoter designs based on xenogeneic counter silencing 
J. Wiechert1, J. Frunzke1 
1Forschungszentrum Jülich , Institute of Bio- and Geosciences: IBG1, Jülich, DE 

Introduction: Synthetic regulatory circuits based on transcription factor-based (TF) biosensors allow the 
regulation of gene expression in an effector-dependent manner. However, the straightforward design of novel 
biosensors according to the requirements of the particular scientific approach still remains challenging. 
Xenogeneic silencing proteins represent an interesting mechanism for synthetic regulatory circuits as target 
promoters usually show a very low background expression, which can be strongly induced by the action of 
specific TFs acting as counter silencers. 
Objectives: The aim of this study was the development of a modular and orthogonal synthetic promoter system 
based on the principle of xenogeneic counter silencing for the model organism Corynebacterium glutamicum. 
First constructs will be based on a phage promoter silenced by the nucleoid-associated protein CgpS. Operator 
sequences of selected effector-responsive TFs will be inserted into the upstream promoter region to modulate 
expression by counter silencing.  
Materials & Methods: The phage related promoter Plys was used as a platform for the insertion of different TF 
operator sequences. By fusion to a reporter gene (venus), the resulting promoter activity was monitored by 
fluorescence microscopy and by cultivation of reporter strains in a microtiter cultivation system following growth 
and fluorescence. 
Results: The insertion of TF operator sites in close proximity to the position of maximal CgpS binding led to an 
effector-dependent fluorescence output. For example, insertion of the GntR1/2 binding site into the Plys promoter 
resulted in a construct showing gluconate-dependent repression due to the inhibition of GntR1/2 binding in the 
presence of gluconate. If gluconate was absent from the medium, GntR1/2 bound to the synthetic promoter 
sequence and acted as counter silencers leading to a 9-fold increased expression level after 5 hours. Further 
studies will focus on the identification of optimal regions for the insertion of operator sequences and on a 
comprehensive description of the performance characteristics of obtained circuits. 
Conclusion: We propose that the mechanism of xenogeneic counter silencing bears a great potential for the 
synthetic design of orthogonal regulatory circuits. 

P 08 
Engineering Hydrogenophaga pseudoflava for carboxydotrophic aerobic production of chemicals and 
fuels from synthesis gas 
S. Grenz1, A. Al-Dilaimi2, J. Kalinowski2, R. Takors1, B. Blombach1 
1University of Stuttgart, Institute of Biochemical Engineering, Stuttgart, DE 
2Bielefeld University, Center for Biotechnology, Bielefeld, DE 

Introduction  
Synthesis gas (syngas), a varying mixture of carbon monoxide, carbon dioxide and hydrogen, is a promising 
alternative carbon sources for bacterial fermentation. It can be generated from previously unusable resources or 
is a byproduct in heavy industry. Currently, for syngas-based fermentation processes different Clostridium 
species are commonly applied. However, their anaerobic nature results in a rather low ATP supply, thereby 
preventing the biosynthesis of ATP-intensive products. 
Objectives 
To address this issue we searched for fast growing, aerobic autotrophic microorganisms and identified the β-
proteobacterium Hydrogenophaga pseudoflava DSM1084 as a potential host for aerobic syngas fermentation 
with the goal to produce chemicals and fuels. 
Materials & methods 
We performed whole genome sequencing (WGS) on H. pseudoflava and developed the basic genetic tools and 
methods to allow genetic engineering. Cultivation experiments were performed in shaking flasks. 
Results  
The WGS of H. pseudoflava DSM1084 confirmed the existence of two megaplasmids (Kraut & Meyer, 1988) and 
of all relevant genes for the carboxydotrophic lifestyle, i.e. the carbon monoxide dehydrogenase (cox cluster), 
hydrogenase (hox cluster) and RuBisCO. Cultivation experiments showed a growth rate of 0.43 ± 0.02 h-1 in 
minimal medium with 3 g L-1 sucrose as carbon source. Genetic manipulation was enabled by establishing a 
conjugation protocol. Applying the pk19mobsacB system we deleted the gene encoding L-lactate dehydrogenase 
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(cytochrome, EC 1.1.2.3) yielding a mutant strain unable to grow on L-lactate as sole carbon source. We further 
showed the transfer of replicative plasmids and heterologous gene expression with plasmids carrying GFP and 
mCherry and observed a 2.5 fold increase in fluorescence compared to the uninduced system. 
Conclusion 
We report a relatively high heterotrophic growth rate, which, together with the developed tools for genetic 
engineering, facilitates the routine handling in the lab. Our work shows that H. pseudoflava DSM1084 has the 
potential to be a promising host for syngas based aerobic production processes. 
References 
Kraut, M., & Meyer, O. (1988). Archives of Microbiology, 149(6), 540–546. 

P 09 
Marine microorganisms as promising source of new genes coding for enzymes involved in the 
degradation of cellulose and lignin may contribute to the production of renewable biofuels 
N. Wiese1, I. Sottorff1, A. Villalobos1, R. Schmaljohann1, J. F. Imhoff1, J. Wiese1 
1GEOMAR Helmholtz Center for Ocean Research Kiel, RD3 Marine Microbiology, Kiel, DE 

Question: There is an increasing demand for energy worldwide. Energy from renewable biomass, such as the 
biofuel ethanol, is produced already to a remarkable extent and it proportion is expected to increase further. 
Because concerns are raised against the use of edible plants such as corn or sugar cane, the use of non-food 
cellulosic biomass from e.g. waste wood is of special interest for the production of biofuels. Microorganisms from 
terrestrial origin, like the fungus Trichoderma reesei or the bacterium Clostridium thermocellum, are known to 
produce a set of enzymes involved in the degradation of polymers into monomers, which can be metabolized to 
ethanol and other biofuels. In contrast, our knowledge about the potential of fungi and bacteria from marine 
habitats to produce cellulolytic or ligninolytic enzymes is very limited. Our studies aim to increase our knowledge 
on the ability of marine microbes to decompose cellulose and lignin. 
Methods: Fungal isolates and actinobacteria from seawater, marine sediments, drift wooden, and marine 
macroorganisms were studied in regard to their capability to use various materials containing cellulose or lignin 
as sole carbon source. The strains were classified morphological and by phylogenetic analyses using sequences 
of ITS1-5.8S rRNA-ITS2 fragments and the 16S rRNA gene, respectively. 
Results: Almost all representatives of 16 genera affiliating to diverse fungal classes as well as most of the 
bacteria belonging to 25 actinobacterial taxa were able to grow on media supplemented with cellulose and lignin. 
Also the production of cellulolytic exoenzymes was observed. 

P 10 
Genetic tool development and sporulation mechanisms in thermophilic clostridia 
J. Ganguly1, R. van Kranenburg1,2 
1Corbion, Gorinchem, NL 
2Wageningen University, Wageningen, NL 

Introduction 
Sustainable production of bio-based products from biomass is gaining attention. Economic production of green 
chemicals as building blocks for bioplastics has become a key target. The use of thermophilic clostridia, that can 
consume and ferment lignocellulose-derived carbohydrates, is an emerging niche in this field. The limited 
availability of genetic tools for manipulation of clostridial species is a major barrier for exploiting them. Hence, we 
aim to develop genetic engineering tools for thermophilic clostridia into industrial platform organisms for 
production of green chemicals. 
Objectives 
The goals of the project are: (1) to develop genetic tools for Clostridium therrmosuccinogenes, and (2) to study 
the sporulation mechanisms in the same organism. 
Methods 
The genetic accessibility of C. thermosuccinogenes is being studied by electroporation. For the sporulation, a 
physiological characterization of the sporulation process in thermophilic clostridia using flow cytometry, 
microscopy, Schaeffer-Fulton spore staining has been performed. In addition, the factors (pH, temperature) that 
potentially trigger sporulation were evaluated.  
Results 
C. thermosuccinogenes could reproducibly be transformed by electroporation. 
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Using flow cytometry and microscopy, distinct populations of spores, endospores and vegetative cells were 
enumerated. Factors like temperature, O2 sensitivity play a vital role to trigger sporulation. 
Conclusions 
The key aim for this project is to develop C. thermosuccinogenes as a platform organism, to boost the production 
of green chemicals, which can be used in bioplastics industries. The first barrier of genetic accessibility has been 
taken. Further work is required to establish genome engineering and to eliminate sporulation without affecting 
central metabolism.  

P 11 
More than just four classic types: novel phytases derived from soil metagenomes 
G. Castillo Villamizar1, H. Nacke1, M. Böhning2, E. Gullans1, K. Kaiser1, R. Daniel1 
1Georg-August University Göttingen , Department of Genomic and Applied Microbiology, Göttingen, DE 
2Max Planck Institute for Biophysical Chemistry, Göttingen, DE 

Phosphatases play a major role in many processes from cell metabolism to biotechnological applications. For the 
enzyme market, phosphatases with phytase activity as these enzymes are important for agriculture and 
biotechnology. Nowadays, phytases are used as nutritional supplement with respect to feeding of mass-produced 
poultry and other non-ruminants. They can reduce the antinutritional effect of phytate and improve utilization of 
phosphorus (P), calcium, amino acids, and energy present in animal food such as cereal grains. Phytases are 
also a main factor reducing the negative impact of inorganic P excretion to the environment [1]. 
However, most of the known phytases were derived from culturable organisms. Therefore, they have not been 
deeply studied using metagenomic approaches and many remain unknown. In this study, we designed a strategy, 
which allowed us to retrieve and characterize several new types of phytases, derived from soil metagenomes. 
Twenty-one phytate-degrading soil metagenomic library clones were detected using function-based screening. 
These clones harbor 31 open reading frames (ORFs), encoding gene products, which shared 26–87% identity to 
known phosphatases. 
Currently, four structurally different classes of phytases are known: histidine acid phytase (HAPhy), β-propeller 
phytase (BPPhy), purple acid phytase (PAPhy), and protein tyrosine phytase (PTPhy) [2]. However, the analyses 
of the phytases derived from our clones revealed 11 main phosphatase domains. Many of the detected domains 
(i.e., ALP-like, HAD-like, and SNARE) were encoded by multiple ORFs and were not previously associated with 
phytase activity. Some of the gene products with potential phytase activity were purified and biochemically 
characterized. Our data suggests that the classical concept of the classes of phytases should be extended with 
new types of enzymes that comprise other protein domains. 
[1] Dersjant-Li, Y., Awati, A., Schulze, H. & Partridge, G. Phytase in non-ruminant animal nutrition: a critical 
review on phytase activities in the gastrointestinal tract and influencing factors. Journal of the Science of Food 
and Agriculture 95, 878-896, doi:10.1002/jsfa.6998 (2015). 
[2] Mullaney EJ, Ullah AHJ. 2003. The term phytase comprises several different classes of enzymes. Biochem 
Biophys Res Commun 312:179-184 
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Modeling the metabolic reprogramming of macrophage activation 
F. Hörhold1,2, M. Oswald1,2, A. Kolte1,2, R. König1,2 
1University Hospital Jena, Center for Sepsis Control and Care, Jena, DE 
2Hans Knöll Institute, Associated Group of Network Modeling, Jena, DE 

Introduction: Bacterial infections can get systemic leading to sepsis, i.e. organ failure caused by an unbound 
immune response, and often death. In response to their microenvironment, resting macrophages can polarize 
mainly into two distinct phenotypes: M1 (classical activation e.g. by microbial products or IFN-γ) or M2 
macrophages (alternative activation e.g. by IL-4). M1 macrophages can produce pro-inflammatory mediators 
such as TNF-α, IL-1 and nitric oxide and can mediate an inflammatory response leading to a cytokine storm 
triggering sepsis. In contrast, M2 macrophages show a rather immunosuppressive behavior during sepsis. 
Objectives: Hence, a central aim in critical care is to reduce M1 and induce M2 activation. A metabolic switch of 
M1 compared to M2 macrophages had been described by upregulation of aconitate decarboxylase in M1 
macrophages, which synthesizes itaconate from cis-aconitate, M1 macrophages modulate the citrate cycle such 
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that nitric oxide is produced in the urea cycle, and other studies showed that a transition of M1 to M2 
macrophages can be induced by IL-4. 
Materials & Methods: To understand the switch in regulation of metabolism, we investigate the regulation using 
our newly developed tool identifying gene regulation and model metabolic fluxes to identify regulators which are 
responsible for the metabolic switch. Methodologically, we follow an approach based on mixed-integer-linear 
programming, which integrates gene expression data to predict metabolic fluxes. It contains our newly developed 
method to remove thermodynamically infeasible loops. 
Results & Conclusion: Comparing the predicted metabolic fluxes in M1 to M2 macrophages, we have a model 
that reflects M1 macrophages upregulation of energy production by converting glucose to lactate (Warburg effect) 
while M2 macrophages increase flux for nucleotide biosynthesis. Our study reveals promising results elucidating 
the metabolic and transcriptional reprogramming of M1 and M2 macrophages after bacterial activation. 

P 14 
Strategies towards biosurfactant production applying genomic engineering of natural and recombinant 
producer strains 
S. Thies1, A. Loeschcke1, A. Domröse1, S. Kubicki1, R. Weihmann1, T. Drepper1, K. E. Jaeger1,2 
1Heinrich-Heine-Universität Düsseldorf, Institut für molekulare Enzymtechnologie, Juelich, DE 
2Forschungszentrum Jülich, Institut für Bio- und Geowissenschaften IBG-1: Biotechnologie, Juelich, DE 

A major goal for bioeconomy is the production of high-value compounds by microbial bioconversion of renewable 
and inexpensive substrates. Biosurfactants can serve as an example as they represent natural products of 
microbial origin which constitute bio-based and biodegradable alternatives to chemical surfactants. However, 
economical production at industrial scale is still hampered by low yields, frequently occurring pathogenicity of 
producer strains and constrained structural adjustability. Consequently, we aim to develop strategies and 
establish genetic tools to optimize bacteria for production of different biosurfactants with respect to yields and 
tailor-made chemical properties. 
To this end, we developed a novel and highly efficient system for transfer and expression of biosynthetic modules 
which we applied in addition to well-established expression strategies and novel tools for genome engineering 
using the biotechnologically relevant strains Escherichia coli, Burkholderia glumae and Pseudomonas putida. 
Different expression systems and host strains were compared to identify efficient combinations for production of 
the highly diverse biosurfactants rhamnolipid (RL, glycolipid), serrawettin W1 (nonribosomal peptide) and N-
acyltyrosine, the latter derived from a metagenomic screening regime. For generation of stable productions 
strains, a novel tool for transfer and integration of metabolic modules was developed enabling the construction of 
producer strains within a few days starting with PCR of target genes. It utilizes recombinational cloning, 
conjugational transfer, and random transposition, enabling both induced expression and promoter exploitation 
approaches. The system was validated by integration of different gene clusters ranging from 6 to 21 kb in size 
into the genome of P. putida resulting in stable mg scale production of the respective antimicrobial compounds. 
Furthermore, the production of tailor-made glycolipids was addressed by implementing specific modules into 
recombinant strains and by engineering the non-pathogenic natural producer B. glumae to synthesize pure mono-
RL or Di-RL and mixtures thereof. 
The genetic tools presented here can constitute a new brick adding to a strategy towards competitive production 
processes for biosurfactants in future. 

P 15 
High-throughput screening of metagenomic and genomic libraries for new transaminases 
N. Katzke1, A. Bollinger1, M. Ferrer2, P. Golyshin3, J. Chow4, W. Streit4, K. E. Jaeger1,5 
1Heinrich-Heine-Universität Düsseldorf, Institut für Molekulare Enzymtechnologie, Düsseldorf, DE 
2Consejo Superior de Investigaciones Científicas, Institute of Catalysis, Madrid, ES 
3Bangor University, School of Biological Sciences, Bangor, GB 
4Universität Hamburg, Biozentrum Klein Flottbek, Hamburg, DE 
5Forschungszentrum Jülich GmbH, Institut für Bio- und Geowissenschaften IBG-1: Biotechnologie, D-52426 Jülich, DE 

Introduction 
The application of metagenomics to access the catalytic potential of microbial communities by culture-
independent methods has increased in the past years. Appropriate screening methods are required to identify 
suitable biocatalysts, namely sequenced-based and activity-based strategies. While sequence-based approaches 
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are usually limited to the identification of genes with known sequence motifs, functional screenings can 
theoretically identify candidate enzymes with previously unknown sequences. However, functional expression is 
always required to discover new enzymes. 
Objectives 
In our work, we applied a function-based screening to search for transaminase activity within metagenomic and 
genomic libraries derived from both marine and terrestrial sources. 
Materials & Methods 
High-throughput screening of libraries for transaminase activity was conducted with an assay system using o-
xylylenediamine hydrochloride as amine donor. Clones exhibiting putative transaminase activity were identified by 
black coloration. Fosmids from positive clones were sequenced and analysed to reveal open reading frames 
encoding putative transaminases which were subsequently cloned into expression plasmids to confirm enzymatic 
activity and allow for high level expression and characterisation. 
Results 
Screening of 9 metagenomic and genomic libraries of different habitats or species revealed a total of 18 clones 
with putative transaminase activity. By ongoing sequence analysis of fosmids from positive clones, more than 13 
open reading frames coding for transaminases were identified so far, four of which still conferred activity with o-
xylylenediamine after cloning in expression vectors and expression in E. coli. 
Conclusion 
Our results show that application of o-xylylenediamine as amine donor allows for efficient high throughput 
screening of metagenomic or genomic libraries for transaminase activity. 

P 16 
Mannanase from an alkaliotolerant Bacillus licheniformis A26: Production and purification 
E. El-Sharouny1 
1Faculty of Science-Alexandria University, Botany and Microbiology, Alexandria, EG 

Backgrounds: Alkaline active enzymes, have numerous applications in many industrial processes due to an 
interest in their physiological adaptation to high pH. Mannanases participate in the degradation of hemicellulose 
and similar polysaccharides. They are widely applied in the food, instant coffee processing, paper and poultry 
feed industries. 
Objectives: Production and optimization of mannanase from a locally isolated alkalitolerant Bacillus sp. 
Methods: An alkalitolerant Bacillus licheniformis A26 isolated from Abu Qir Bay, Alexandria, Egypt, was proved to 
produce mannanase enzyme. Optimization of the fermentation medium components using Plackett-Burman 
design was applied. Mannanase was also extracted and purified using chromatography such as ion exchange 
chromatographic and gel filtration methods. 
Results & Conclusions: As a result of the optimization, magnesium sulphate and inoculum size were found to 
be relatively significant factors enhancing mannanase production. On applying optimized medium in the 
fermentation process, an enzyme productivity of 40.7UmL-1 was achieved with 1.24 fold increase compared to 
the basal one. 
In addition, the mannanase activity extracted and purified from the isolate Bacillus licheniformis A26 was reduced 
to 250U (about 69% of the whole mannanase in the culture filtrate) in comparison with the initial mannanase 
activity (360U) and the total protein content reduced to 1.05 mg (the initial total protein content was 156 mg). 
However, the specific activity for the mannanase from Bacillus licheniformis A26 at the end of the purification 
steps was found to be about 237Umg-1compared to 2.3Umg-1at the initial culture filtrate. It was also indicated 
that the mannanase enzyme was purified almost 103-fold. 

P 17 
Predicting nutritional uptakes of Bacillus subtilis by integrating gene expression profiles into metabolic 
constrained-based models 
K. Thanamit1, F. Hoerhold1,2, M. Oswald1,2, R. Koenig1,2 
1Leibniz Institute for Natural Product Research and Infection Biology (Hans Knöll Institute), Network Modeling, Jena, DE 
2Integrated Research and Treatment Centers (Center for Sepsis Control and Care), Jena, DE 

Introduction 
Finding drug targets for antimicrobial treatment is a central focus in biomedical research. To discover new drug 
targets, we are interested in finding out which nutritional needs are important for pathogenic microorganisms in 
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the host or under specific circumstances. Besides this, metabolic fluxes have been successfully constructed and 
predictions used by employing flux balance analysis (FBA) using constrained based modeling (Orth et al., Nat 
Biotechnol, 2010, Sharma et al., Semin Cancer Biol, 2013, Lewis et al., Nat Biotechnol, 2010) 
Objectives 
We develop FBA models using the stoichiometric knowledge of the metabolic reactions of a cell and combine this 
with experimental data, particularly gene expression profiles to identify drug targets being essential for nutritional 
uptake in the metabolic network of pathogenic microorganisms.  
Materials & Methods 
We implemented our method by using data from B. subtilis as a case study. We used a metabolic model (Oh et 
al., J Biol Chem, 2007), gene expression data (Nicolas et al., Science, 2012) and 13C experimental data 
(Chubukov et al., Mol Syst Biol, 2013). The data comprises of 13C labelling experiments based flux data and 
gene expression data for B. subtilis grown on 8 different carbon sources. We developed a method based on 
mixed-integer linear programming (MIP) and trained the model with gene expression data. A further new method 
was added to reduce thermodynamically infeasible loops (TIL) to improve prediction results. Validation was 
performed by comparing predicted flux values with the fluxes from the 13C labelling experiments. 
Results 
We started feeding the model with gene expression data of each of the 8 carbon sources at a time and predicted 
the fluxes. By employing our method, our trained model could identify the correct major carbon sources based on 
gene expression profiles. We found improved flux predictions when compared to models not employing our new 
method of deleting TILs. 
Conclusion 
Our method is promising and can well predict flux predictions in the metabolic network of B. subtilis. This can be 
adapted to pathogenic microorganisms, like e.g. P. falciparum to study metabolic networks and find interesting 
candidates as drug targets to be validated for in vitro experiments. 

P 18 
Isolation and characterisation of different solventogenic clostridial species from various habitats 
D. Horne1, R. Daniel1, A. Poehlein1 
1Georg-August-Universität, Genomische und angewandte Mirkobiologie, Göttingen, DE 

Solvents such as acetone, butanol and ethanol (ABE) are important for the chemical industry as they are used as 
intermediates for paints, plastics and polymers. Butanol has recently also gained attention as biofuel. Butanol can 
either be produced petrochemically or through fermentation, mostly performed by Clostrida strains. Clostrida can 
ferment various organic compounds such as sugars or cellulose based substrates. Solvent production still suffers 
from high substrate costs, low yields due to the toxic properties of the solvents, especially butanol. One solution 
to lower substrate costs is the utilization of glycerol as substrate. It is produced in high amounts during biodiesel 
production lowering its market price. One promising candidate therefore is the solvent producer C. pasteurianum. 
The other challenges faced could be encountered by novel strains exhibiting the desired features that could be 
used as basis for genetical engineering. 
From different habitats Clostridium pasteurianum, Clostridium beijerinckii and Clostridium saccharobutylicium 
strains were isolated. The whole genomes were sequenced with an Illumina MiSeq maschine. De novo 
assemblies were performed with the SPAdes software. The quality of the assemblies was checked using 
QualiMap. The phenotypes of the isolated strains were analysed with the anaerobic Biolog-ID system for 
comparison with the type strains as well as to obtain different metabolic capabilities amongst the strains. The 
fermentation products were quantified with gas chromatography. 
The genomes of the strains isolated in this study as well as the publically available genomes were compared and 
analysed. The genomes varied from 3.9 Mb up to 4.5 Mb and the number of genes encoded by the genomes 
ranged from around 3700 up to 4250. 
The different strains also showed a diverse substrate spectrum as well as differences in their fermentation profile. 
The analysis also revealed at least two wrongly annotated C. pasteurianum strains in the public databases.  

P 19 
Novel enzymes for the biodegradation of polyethylene terephthalate from metagenomes 
D. Danso1, J. Chow1, C. Vollstedt1, W. Streit1 
1University of Hamburg, Microbiology and Biotechnology, Hamburg, DE 
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Polyethylene terephthalate (PET) is one of the most used polymers worldwide, with an annually production of 
more than 300 million tons worldwide. It accumulates in the environment and pollutes the oceans as 
nanoparticles. Due to its poor conversion in nature it is considered as an emerging threat for the environment. 
Further there is a high demand for developing very active enzymes for the modification of PET fibers used in 
textile and other industries. Therefore a detailed understanding of mechanisms and enzymes involved in 
biological breakdown of PET are important. By using combined enrichment and metagenome sequencing 
methods we were able to identify four novel organisms with the capability to actively hydrolyse PET-
Nanoparticles. Further deep metagenome sequence mining, involving a self-constructed Hidden Markov model 
(HMM) allowed the identification of eight conserved motifs connected to PET activity of hydrolases. Using this 
combined approach we have enriched the biodiversity of the known PET degrading bacterial phyla and displayed 
PETase distribution in a global context. Our data indicate that PETases occur in at least three other phyla besides 
the well-known Actinobacteria. The biochemical and sequence data displaying this novel enzyme diversity are 
presented here. Currently, twelve enzymes are being characterized and tested for bioindustrial applications. 

Omics at its best: Global Gene Regulation & Proteome Dynamics 
 
P 20 
A novel, integrative approach to identify the entire protein coding potential of prokaryotic genomes by 
proteogenomics 
U. Omasits1, A. Varadarajan1, M. Schmid1, S. Götze2, M. Quebatte3, C. Dehio3, B. Christen2, B. Wollscheid2, C. H. 
Ahrens1 
1Agroscope & SIB Swiss Institute of Bioinformatics, Wädenswil, CH 
2ETH Zurich, Zurich, CH 
3Biozentrum, Basel, CH 

Introduction 
The accurate annotation of all protein-coding sequences (CDSs) is essential to exploit the increasing number of 
completely sequenced prokaryotic genomes. However, large discrepancies among CDSs annotated by different 
resources, over-prediction of random ORFs and missed functional short ORFs (sORFs) are serious limitations. 
Objectives 
Develop a generic and yet flexible solution to overcome these limitations. 
Materials & Methods 
CDSs from major reference genome annotation resources, gene prediction algorithms and in silico ORFs were 
integrated into a highly informative, integrated proteogenomics search database (iPtgxDB) that covers the entire 
protein-coding potential of prokaryotic genomes. 
Results 
Data from a complete expressed proteome [1] helped to uncover novel sORFs and start sites, including cases 
uniquely predicted by each resource. These included enzymes, differentially regulated, lipo- and membrane 
proteins. We confirm expression of novel ORFs and incorrectly predicted pseudogenes by parallel reaction 
monitoring (PRM). Our approach is generic (it worked for genomes with widely varying GC content), and flexible: 
iPtgxDBs can be created for key model organisms (e.g. E.coli BW25113, the parental strain of the Keio knockout 
collection) up to newly sequenced genomes. We illustrate this with expression evidence of ORFs in unique 
genome regions of a re-sequenced lab strain compared to its NCBI reference, down to single amino acid 
variations, with implications for clinical proteomics. Preliminary Tn mutagenesis data indicate that novel ORFs 
can have a fitness effect or may even be essential. 
Conclusion 
iPtgxDBs solve a long-standing problem in the field. We plan to release iPtgxDBs to enable research groups to 
apply proteogenomics in the initial genome annotation allowing them to fully decode prokaryotic genomes. 
References 
[1] Omasits U et al., Genome Research 2013, 23:1916-1927. 
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Figure 1. Novel proteogenomics workflow 
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Figure 2 
 
 

 
Figure 2: Making iPtgxDBs available 

 
P 21 
Metabolic and proteomic respone of Lactococcus lactis to environmental stresses 
T. Jakobson1,2, H. Ingelman1,2, R. Nahku2, A. Maser1,2, R. Vilu1,2 
1Tallinn University of Technology, Department of Chemistry and Biotechnology, Tallinn, EE 
2Center of Food and Fermentation Technologies, Tallinn, EE 

During starter culture production Lactococcus lactis encounters multiple stresses i.e. temperature, pH and 
osmotic stress. In industrial conditions stresses may occur simultaneously, making it difficult to understand 
specific responses, therefore, experiments where only one stress wass applied were performed. 
Chemostat experiments with dilution rate 0.3 h-1 were carried out, where the reference conditions were 30 °C, pH 
6.5. The stress conditions that were studied were temperature – 22°C and 42°C, pH – 5 and 7.5, and osmotic 
stress where 300 mM lactate was added to the medium. LC-MS/MS, together with SILAC (stable isotope labeled 
amino acids in cell culture) was used to quanitify the relative changes in the proteome in each stress condition. 
The metabolism in the reference conditions at specific growth rate 0.3 h-1 was heterofermentative, while in all 
stress conditions at the same specific growth rate the metabolism was homolactic. In all studied stress conditions 
the biomass yield (YXS) decreased from 0.25±0.02 gdw/gLactose, when no stress was applied to 0.07-0.18 gdw/gLactose 
in the different stress conditions. Because lactose was fully utilized in all stress chemostats, the decrease of YXS 
increases the sugar consumption rate per biomass (qLactose). This indicates that byproduct production is 
dependent on qLactose and not specific growth rate. 
As expected, at low temperature cold shock proteins (CspBDE) were up-regulated. Conversley, at high 
temperature multiple chaperons (GroLS, DnaJK), heat shock proteins (GrpE) and a misfolded protein degradidng 
Clp protease (ClpBPE) were up-regulated. Low pH proteome response was highly similarity to lactate stress (R2 = 
0.66). The largest up-regulations (>8-fold) in most stress experiments, with the exception of high temperature and 
and high pH were hypothetical proteins YxbEF. 
In conclusion, while growing at μ = 0.3 h-1 L. lactis DGCC 2631 switches from heterofermentative to homolactic 
metabolism when encountering stress conditions, therefore, the switch to homolactic fermentation is caused by 
the increase in qLactose rather than the specific growth rate, which was kept constant in the stress experiments. 
In addition there were no universal stress proteins that are up-regulated in all the studied stress conditions. 
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P 22 
Whole cell proteomic profile of the foodborne pathogen Campylobacter jejuni in response to 
phytophenolic compound eugenol 
I. Upadhyaya1, A. Upadhyay1, K. Arsi1, R. Liyanage2, A. Donoghue3, N. Rath3, D. Donoghue1 
1University of Arkansas, Department of Poultry Science, Fayetteville, US 
2University of Arkansas, Department of Chemistry and Biochemistry, Fayetteville, US 
3USDA, ARS, Fayetteville, US 

Question: Campylobacter jejuni is a major foodborne pathogen that causes diarrhea in humans. Chickens act as 
the reservoir host for C. jejuni, wherein the pathogen colonizes the ceca leading to contaminated poultry products 
during slaughter. The potential of natural intervention strategies, including phytochemicals have been investigated 
to reduce cecal colonization of C. jejuni. However, the underlying mechanisms of these phytochemicals are still 
unknown. This study investigated the effect of eugenol (a generally recognized as safe status phytochemical 
obtained from clove), on the proteomic profile of C. jejuni. In addition, the effect of eugenol on factors critical for 
cecal colonization (motility, attachment to epithelial cells) in chickens were studied using motility assay and cell 
culture. 
Methods: C. jejuni (strain S8, isolated from commercial broilers) was cultured in the presence or absence of sub-
inhibitory concentrations of eugenol (0.01%) for 24 h followed by SDS-PAGE based protein extraction. The effect 
of eugenol on expression of C. jejuni proteome was quantified using LC-MS/MS analysis followed by targeted 
proteomics and data analysis using Scaffold Proteomic software. The experiment was conducted three times and 
the samples were run in triplicates. 
Results: Whole cell proteomic analysis identified more than 600 proteins in C. jejuni with many virulent proteins 
modulated by eugenol. The major groups of proteins that were identified contribute to physiological process 
(sensory systems, biological regulators, developmental processes) and virulent attributes (motility systems, 
adhesion, quorum sensing) in C. jejuni. Eugenol reduced the expression of virulence proteins contributing to 
adhesion (PorA, CadF), motility (MotA, MotB, FliA, FliD, FliF, fliL, fliY), energy taxis (IlvH, CetA, CetB), molecular 
transport (TatA, TatB, TolB) and Quorum sensing (LuxS) (P<0.05). Follow up motility and attachment assays 
revealed that eugenol was effective in reducing the motility (> 50% reduction) and attachment of C. jejuni to 
primary chicken enterocytes (P<0.05). 
Conclusion: These results delineate the prospective mechanism of action of eugenol on C. jejuni and the 
potential of using this phytochemical to control C. jejuni colonization in chickens. 

P 23 
Identification and functional characterization of a novel small alarmone synthetase in Corynebacterium 
glutamicum 
M. Ruwe1, M. Persicke1, J. Kalinowski1 
1Bielefeld University, Center for Biotechnology (CeBiTec), Bielefeld, DE 

The hyperphosphorylated guanosine derivatives ppGpp and pppGpp, also known as magic spot 1 and 2, act as a 
central element of the stringent response system in bacteria. For several years it was assumed that stringent 
response in Corynebacterium glutamicum ATCC13032 is mediated exclusively by the bifunctional protein Rel, 
which catalyzes (p)ppGpp synthesis and hydrolysis (Wehmeier et al. 1998; Tauch et al. 2001; Brockmann-Gretza 
und Kalinowski 2006) 
By applying bioinformatic searches for proteins possessing short alarmone synthetases (SAS) sequence motifs, 
we recently identified two novel SAS candidates in the C. glutamicum protein repertoire, RelS and RelQ, both 
showing high sequence similarities to the conserved catalytic domain of (p)ppGpp synthetases. Defined deletion 
mutants of C. glutamicum, complementation of Escherichia coli mutants in the stringent response, and in vitro 
characterizations of purified enzymes were carried out. 
Whereas gene deletion mutants in C. glutamicum did not reveal clear phenotypes, complementation experiments 
in E. coli (p)ppGpp0 mutants clearly demonstrated pyrophosphokinase activity for RelSCg, but not for RelQCg. This 
was corroborated by in vitro enzyme characterizations, showing pyrophosphokinase activity for both substrates 
GTP and GDP, respectively, only for RelSCg. Furthermore, the additional conversion of GMP to pGpp was 
determined for the enzyme RelSCg. 
This study extended the network of stringent response in C. glutamicum, but also hinted to the occurrence of a 
novel alarmone, probably important for the stringent response in the actinobacterium C. glutamicum and related 
species. 
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P 24 
Using transcriptome sequencing for the analysis of commonly used Corynebacterium glutamicum 
plasmid vectors 
D. Brandt1, C. Rückert1, J. Kalinowski1 
1Bielefeld University, Center for Biotechnology (CeBiTec), Bielefeld, DE 

In recent years transcriptome sequencing (also known as RNA-Seq) became a widely used technique to 
elucidate genome-wide transcriptional regulation. In the present work RNA-Seq has been used to study the 
transcriptional properties of Corynebacterium glutamicum plasmid vectors. Since the construction of plasmid 
vectors has been done in the past mostly via classical restriction site-specific cloning, it was assumed that this 
and the lack of knowledge on location and strenght of transcriptional signals at the time of construction entailed 
suboptimal vector design. 
In order to gain the desired insights, total RNA was extracted from plasmid carrying strains and whole 
transcriptome and primary 5'-end-specific transcript libraries were constructed [1]. Subsequently they were 
analyzed by high-throughput sequencing to determine promoter sequences, identify probable unterminated 
transcription units and reference sequence errors in the cloning or expression vectors pEKEx2, pEC-XC99E, 
pZMP and pk18mobsacB [2,3,4,5]. 
The analysis led to corrected vector sequences and enabled the engineering of those widely used vectors 
towards higher efficiency with regard to properly terminated transcription units, elimination of unwanted promoters 
and smaller overall vector size. 
[1] Pfeifer-Sancar K, Mentz A, Rückert C, Kalinowski J. (2013) BMC Genomics. 14:888. 
[2] Eikmanns BJ, Kleinertz E, Liebl W, Sahm H. (1991) Gene. 102(1):93-98. 
[3] Kirchner O, Tauch A. (2002) J. Biotechnol. 104(1-3):287-299. 
[4] Walter F, Grenz S, Ortseifen V, Persicke M, Kalinowski J. (2016) J. Biotechnol. 232:99-109. 
[5] Schäfer A, Tauch A, Jäger W, Kalinowski J, Thierbach G, Pühler A. (1994) Gene. 145(1):69-73. 

P 25 
Analyzing the RNA-seq-based transcriptome of the acetogenic bacterium Clostridium aceticum 
M. Karl1, A. Poehlein2, P. Dürre1 
1Universität Ulm, Institut für Mikrobiologie und Biotechnologie, Ulm, DE 
2Georg-August University, Genomic and Applied Microbiology & Göttingen Genomics Laboratory, Göttingen, DE 

Introduction: Clostridium aceticum was the first isolated autotrophic acetogen (1936). It is able to use gases 
such as syngas and H2+CO2 via the Wood-Ljungdahl pathway. Therefore, C. aceticum is an interesting 
biocatalyst for production of biofuels and biochemicals. Like C. ljungdahlii and Acetobacterium woodii it uses an 
Rnf complex to pump cations for energy conservation. Unlike those two organisms, C. aceticum also contains a 
cytochrome. 
Objectives: The role of cytochromes during autotrophic growth is unclear. Therefore, a transcriptome study was 
performed using autotrophic and heterotrophic conditions to analyse the differentially expressed genes (DEGs). 
Materials & Methods: After sequencing the whole genome of C. aceticum, the respective transcriptome was 
investigated. RNA-seq-based global transcriptome analysis was performed and compared for autotrophic growth 
on H2+CO2 and heterotrophic growth on fructose. Cells for RNA preparation and cDNA synthesis were harvested 
at mid-exponential phase under both conditions. Sequencing was performed using the Illumina MiSeq system 
and the identification of DEGs was achieved by the baySeq algorithm. 
Results: In total, 847 genes were differentially expressed under the two conditions applying restrictive evaluation 
parameters. Comparing autotrophic with heterotrophic growth, 228 genes were upregulated and 619 genes were 
downregulated. Interestingly, a hem cluster coding for cytochrome synthesis was also upregulated. These DEGs 
were classified into 20 functional categories of COGs. 
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Conclusion: Comparing autotrophic and heterotrophic growth of C. aceticum, significant changes in gene 
expression levels were observed. The transcriptome data shows an upregulation of a hem cluster which indicates 
its involvement in autotrophic growth. In sum, the analysis of DEGs involved in the utilization of different carbon 
sources allows the identification of relevant genes to target for metabolic engineering. 

P 26 
Analysis of differentially expressed genes under deletion of genes coding for putative regulators Crt1 
and Crt2 in Xanthomonas campestris pv. campestris.  
A. Korszanska1, A. Pühler2, K. Niehaus1, V. Ortseifen1 
1Center for Biotechnology (CeBiTec), Proteome - & metabolome research, Bielefeld, DE 
2Center for Biotechnology (CeBiTec), Bielefeld, DE 

Xanthan is a commercially relevant biopolymer produced by γ-proteobacterium Xanthomonas campestris pv. 
campestris (Xcc). Due to its physicochemical properties, it is applied in wide range of industrial applications. 
Several studies of Xcc in regard to the xanthan production have been performed so far, yet very little insight has 
been shed on the mechanism of the transcriptional regulation of xanthan biosynthesis genes. 
Vorhölter published the genome sequence of various Xcc strains [Vorhölter et al., 2008]. New insight on the 
transcriptome level was achieved with RNA sequencing and microarray approach to investigate transcription 
starting sites [Alkhateeb et al., 2016]. Combining various omics techniques employed in a pull-down approach to 
analyze the regulatory network of xanthan synthesis, novel putative transcriptional regulators crt1 and crt2 have 
been identified [Leßmeier et al., 2016]. The insertion mutants of both regulators, showed significantly higher 
xanthan production than the according wild-type strain [Steffens, 2017]. 
The deletion mutants of Xcc strain B100 for both putative regulators crt1 and crt2 have been constructed 
employing Cre/loxP system [Guo et al., 1997]. The genome wide expression profiling has been carried out with 
DNA microarrays, to obtain the repertoire of the genes targeted by regulators Crt1 and Crt2. Wild-type strain and 
both deletion mutants have been cultivated with media supplemented with different carbon sources. The cDNA 
targets have been labeled with different fluorophors, and hybridized with Nexterion Slide E microarray, using 
HS4800 hybridization station. Subsequent detection has been performed with Tecan LS reloaded Microarray 
scanner (Tecan Trading AG, Switzerland). 
Based on the genome wide analysis of genes differentially expressed in deletion mutants vs. wild-type, first 
insights on the regulation of genes involved in xanthan biosynthesis have been gained. Particular interest has 
been set on the gum gene cluster, and genes coding for products influencing production, and transport of 
precursor molecules of xanthan biosynthesis. The detailed comparison of the expression profiles will be 
presented. 

P 27 
The MalR type regulator AcrA is a transcriptional repressor of acarbose biosynthetic genes in 
Actinoplanes sp. SE50/110 
J. Droste1, T. Wolf1, T. Gren1, V. Ortseifen1, S. Schneiker-Bekel1, T. Zemke1, A. Pühler1, J. Kalinowski1 
1Bielefeld University, Center for Biotechnology (CeBiTec), Bielefeld, DE 

Acarbose is used in the treatment of diabetes mellitus type II and is produced by Actinoplanes sp. SE50/110 [1]. 
Although the biosynthesis of acarbose is intensively studied, profound knowledge about transcription factors 
involved in acarbose biosynthesis and their binding sites is missing until now. 
In this study, we identified the transcriptional regulator AcrA as a repressor of the acarbose biosynthesis related 
genes acbD and acbE. 
The gene for acrA was deleted by introducing PCR targeting (ReDirect) [2] for Actinoplanes sp. SE50/110 and 
characterized through cultivation experiments, genome-wide microarray hybridizations, and RT-qPCR as well as 
electrophoretic mobility shift assays for the elucidation of binding motifs. 
The acarbose regulator A (AcrA) was identified through an in silico approach by alignment of the LacI family 
regulators of acarbose biosynthetic gene clusters in Streptomyces spp. with the Actinoplanes sp. SE50/110 
genome. The gene for acrA is in a head-to-head arrangement with the maltose/maltodextrin ABC transporter 
malEFG operon. It was shown that AcrA binds to the intergenic region between acbE and acbD in Actinoplanes 
sp. SE50/110 and acts as a transcriptional repressor on these genes. The transcriptomic profile of the wild type 
was reconstituted through a complementation of the deleted acrA gene. Additionally, regulatory sequence motifs 
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for the binding of AcrA were identified in the intergenic region of acbE and acbD. Interestingly, AcrA does not 
regulate the malEFG operon. 
This study characterized the first known transcription factor of the acarbose biosynthetic gene cluster in 
Actinoplanes sp. SE50/110 and is an important step for understanding the regulatory network of this organism. 
References:  
[1] Wehmeier UF, Piepersberg W. Biotechnology and molecular biology of the α-glucosidase inhibitor acarbose. 
Appl Microbiol Biotechnol. 2004;63:613–25. 
[2] Gust B, Kieser T, Chater K. REDIRECT technology: PCR targeting system in Streptomyces coelicolor A3(2) 
2002. John Innes Centre, Norwich, United Kingdom. 

P 28 
Whole genome sequencing of strain Escherichia coli ET12567(pUZ8002) and creation of a D-alanine 
auxotroph for antibiotic-free separation of exconjugants after intergeneric conjugation 
E. Thieme1, T. Wolf1, D. Wibberg1, A. Winkler1, C. Rückert1, J. Kalinowski1 
1Universität Bielefeld, Center for Biotechnology (CeBiTec), Bielefeld, DE 

Escherichia coli ET12567(pUZ8002) (MacNeil et al., 1992) is widely used as donor strain in intergeneric 
conjugations with actinobacteria, such as Streptomyces spp. and Actinoplanes sp.. A problem in this respect is 
the counterselection against the donor strain to derive the pure recipient strain, due to the multiple antibiotic 
resistances the donor strain has. During the multiple rounds of genetic modifications and optimizations to a 
conjugation strain, the native genome of the strain has also experienced major changes. Although the individual 
modifications have been documented, no overall genome sequence of the final strain is available, which is 
necessary for a rational characterization and a prerequisite for possible genetic modifications without causing 
unwanted effects. 
Therefore, the complete genome DNA of E. coli ET12567(pUZ8002) was determined with an Illumina MiSeq 
System and a PCR-free sequencing library. The assembled genome sequence now provides a basis for rational 
strain construction. As a proof-of-principle application, the strain was engineered to create a D-Alanine 
auxotrophic mutant that is more prone to depletion under standard growth conditions. This was achieved by 
deletion of the two alanine-racemase genes alr and dadX with an improved two-plasmid CRISPR/Cas9 system 
(Jiang et al. 2015). 
By doing so, we have generated an antibiotic-free counterselection system for the E. coli ET12567(pUZ8002) that 
makes it easy to separate the DNA-donor strain from the gained exconjugants after intergeneric conjugation. 
References 
Jiang Y, Chen B, Duan C, Sun B, Yang J, Yang S. (2015): Multigene editing in the Escherichia coli genome via 
the CRISPR-Cas9 system. Appl Environ Microbiol 81, 2506 –2514 
MacNeil, D.J., Gewain, K.M., Ruby, C.L., Dezeny, G., Gibbons, P.H. and MacNeil, T. (1992): Analysis of 
Streptomyces avermitilis genes required for avermectin biosynthesis utilizing a novel integration vector. Gene 
(111), 61-68 

P 29 
Complete genome sequence and genome-wide transcriptional analysis of the non-conventional yeast 
Yarrowia lipolytica DSM 3286 
T. Luttermann1, D. Wibberg1, C. Rückert1, A. Winkler1, J. P. Schwarzhans2, K. Friehs2, J. Kalinowski1 
1CeBiTec, Bielefeld, DE 
2Bielefeld University, Bielefeld, DE 

The oleaginous yeast Yarrowia lipolytica represents one of the most important yeasts for biotechnology. It 
naturally produces and secrets high amounts of lipases and proteases which makes this organism promising for 
heterologous protein production. Furthermore, this dimorphic yeast is also frequently used as a metabolic 
engineering host for the production of fine chemicals. The whole genome sequence of the citric acid-producing 
strain DSM 3286, together with a growth phase transcriptome analysis should provide a deep insight into the 
biology of this organism as well as novel tools for metabolic engineering. 
The genome sequence of Y. lipolytica DSM 3286 was established in an approach combining short but highly 
accurate Illumina reads with significantly longer but more error-prone nanopore reads to assemble an almost 
complete high-quality hybrid genome. The Illumina-only assembly yielded 477 long contigs and a length of 20,431 
kilobase pairs at a 75-fold genome coverage. This assembly was complemented to a high-quality genome with a 
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40-fold coverage of nanopore reads, with many reads being longer than 120 kilobase pairs, finally yielding 6 
contigs apparently identical to the expected chromosome number. 
To measure differential gene expression, we cultivated the yeast in complex medium and took biomass samples 
from the early exponential and the stationary growth phase for subsequent RNA isolation and quantitative RNA-
Seq. Additionally, we prepared a native 5'-end cDNA library to determine transcription start sites (TSS). Besides 
genes and promoters showing a growth phase-dependent transcriptional behavior, we could describe the 
consensus motifs of the core promoter for Y. lipolytica and observed that the distances between the TATA box 
and the TSS vary significantly with average expression strength. 

P 30 
Sequencing of archaeal transcriptomes reveals novel metabolic pathways and extremozymes 
A. Albersmeier1, S. V. Albers2, D. Schomburg3, B. Siebers4, M. Wagner2, J. Wolf3, J. Kalinowski1 
1Bielefeld University, Center for Biotechnology (CeBiTec), Bielefeld, DE 
2University of Freiburg, Institute for Biology II - Microbiology, Freiburg, DE 
3Technical University of Braunschweig, Department of Bioinformatics and Biochemistry, Braunschweig, DE 
4University of Duisburg-Essen, Department of Chemistry, Essen, DE 

Thermo- and pH-stable enzymes (extremozymes) are important in White Biotechnology. They are found in many 
metabolic pathways of archaea, which in comparison with bacteria, are poorly characterized or completely 
unknown. In the frame of a larger project, catabolic pathways for different carbon sources have been analysed in 
the thermoacidophilic archaea Sulfolobus solfataricus P2 and S. acidocaldarius MW001 on the metabolome, 
proteome and on the transcriptome level. Here, we focus on transcriptome analysis by next-generation cDNA 
sequencing (commonly referred to as RNA-Seq). Transcriptome analysis requires an optimal reference, and 
therefore as a start, the respective genomes were resequenced and corrected. A modified protocol was used for 
the preparation of native 5 end specific transcriptome libraries, while whole transcriptome libraries were 
established using standard protocols. Data analyses were performed by the ReadXplorer software (Hilker et al., 
2014), leading to a strongly improved genome annotation, enriched by hitherto not annotated genes and operon 
structures. The native 5-ends dataset allowed the identification of 2,458 transcription start sites/promoters in S. 
acidocaldarius. In addition, signal strength (read starts) at the 5-end could be used to assess promoter strength in 
vivo.  
Gene expression at different culture conditions, especially varying carbon sources, were compared with whole 
transcriptome datasets. As an example, six genes in S. solfataricus with higher transcript levels in presence of L-
fucose as compared to D-glucose could be assigned to the degradation pathway for this carbon source (Wolf et 
al. 2016). The initial hypothesis to identify candidate genes for unknown degradation pathways for carbon 
sources by differential gene expression analysis holds, at least for archaea. 
References: 
Hilker et al. (2014) Bioinformatics, 30, 2247–2254. 
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P 31 
Targeted proteolysis of Bacillus subtilis MgsR and the role of McsB arginine kinase  
L. Lilge1, A. Reder2, F. Tippmann3, M. Hecker1, U. Völker2, U. Gerth1 
1University of Greifswald, Institute for Microbiology, Greifswald, DE 
2University of Greifswald, Interfaculty Institute for Genetics and Functional Genomics, Greifswald, DE 
3Ruprecht-Karls-University Heidelberg, ZMBH, Heidelberg, DE 

Introduction 
In B. subtilis, the alternative Sigma factor σB controls the general stress regulon (> 200 genes) and provides the 
bacterium with a nonspecific and multiple stress resistance (Hecker et al., 2007). The MgsR regulator, a 
paraloque of Spx, co-regulates a subregulon of approx. 70 genes (Reder et al., 2008). The activity of MgsR is 
tuned at different levels including proteolysis by ClpXP and ClpCP (Reder et al., 2012). 
Objectives 
Interestingly, the McsB arginine kinase influences the ClpXP dependent degradation. The aim of this study was to 
investigate the precise role of McsB in the degradation process. 
Material & Methods 
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A SPINE approach (Herzberg et al., 2006) with MgsR-Strep was used to identify protein interaction partners. 
Western-blot analyses with substitution mutants of putative MgsR arg-P sites (R-K, R-E) were used to analyze 
the stability as well as the protein activity of MgsR. Radioactive pulse-chase labeling combined with 
immunoprecipitation was utilized to precisely follow the fate of MgsR during ethanol stress in different mutant 
backgrounds. 
Results 
A putative interaction of MgsR with McsB and ClpX was established by a SPINE approach. Radio-
immunoprecipitation revealed that MgsR stability mainly depends on McsB and ClpXP. To check whether specific 
arginine residues are involved in targeted proteolysis, we created a strain in which MgsR expression is not 
autoregulated but solely controlled by the external inducer xylose. Based on previously identified phosphorylation 
sites (Trentini et. al., 2016), the arginine residues R17, R94 and R95 were substituted against lysine (R-K; 
positively charged but no phosphorylation) and glutamate (R-E; negatively charged mimicking phosphorylation). 
The MgsR degradation kinetics during ethanol stress showed that R-E - phosphor-mimicry of R94 and R95 
rendered MgsR more susceptible to proteolysis. 
Furthermore, MgsR-dependent expression of ydbD was dramatically decreased by substitution of R17 to lysine or 
glutamate as well as R94 and R95 to glutamate. 
Conclusion 
According to our results McsB-dependent protein arginine phosphorylation appears to play a substantial role for 
regulated proteolysis as well as activity control of the MgsR regulator in B. subtilis. 

P 32 
Revisiting the regualtory network of sulfur metabolism in Corynebacterium glutamicum by transcriptome 
sequencing 
N. C. Lübke1, M. Persicke1, J. Kalinowski1, C. Rückert1 
1Bielefeld University, Center for Biotechnology (CeBiTec), Bielefeld, DE 

The industrially used gram-positive bacterium Corynebacterium glutamicum is able of producing a broad range of 
different amino acids. Currently it is investigated regarding its potential to produce sulfur-containing amino acids. 
For an optimized industrial usage by strain development, the understanding of regulatory mechanisms is crucial. 
Hence, this study focuses on the global transcriptional regulator McbR and its regulatory network in the sulfur 
containing amino acid production of Corynebacterium glutamicum. 
McbR is known to directly repress the transcription of most of the genes encoding key enzymes in the sulfur 
metabolism of C. glutamicum (Rey et al. 2003). Current research suggests that the binding capabilities of McbR 
are affected by S-adenosyl-homocysteine (SAH) (Rey et al. 2005) and S-adenosyl-methionine (SAM) (Suda et al. 
2008). Thus, SAH and SAM are seen as possible effectors substances of McbR. 
The presented poster will give insights of the global scale observations and in detail analysis on the nucleotide 
level of the McbR regulation network by high-resolution transcriptome sequencing (RNAseq) and microarray 
techniques. The understanding of the McbR regulatory capabilities as well as the possible influence of the 
effector substances was investigated using in vitro EMSA binding and in vivo reporter studies. 
Using RNAseq, it was possible to verify all promoter sequences of the McbR affected genes by a comparison of 
the C. glutamicum wild type and its mcbR∆HTH derivative, in which McbR is unable to bind its DNA motive. 
Furthermore the analysis led to new insights into transcriptional elements of the McbR network. A novel promoter 
of the mcbR gene, new potentially McbR-regulated genes as well as anti-sense transcripts in cysR and possible 
regulatory effects of the upstream region of metE were discovered and further analyzed. Thus, the presented 
study verifies and extends the McbR regulatory network towards the engineering of the sulfur metabolism in this 
bacterium. 
Rey, D.A. et al. (2003), J. Biotechnol. 103(1):51–65. 
Rey, D.A. et al. (2005) Mol Microbiol. 56(4):871-87. 
Suda, M. et al. (2008), Appl Microbiol. Biotechnol. 81(3):505–13. 

P 33 
Comprehensive picture on the bile acids stress response of Clostridium difficile 
S. Dittmann1, V. Gast1, S. M. Tröger1, D. Zühlke1, C. Hirschfeld1, R. Schlüter1, K. Riedel1, S. Sievers1 
1University Greifswald, Institute of Microbiology, Greifswald, DE 

Introduction 
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The condition of the intestinal microbiota has a great influence on our health and well-being. Clostridium difficile is 
an intestinal human pathogen that uses the opportunity of a depleted microbiota to cause an infection. By now, 
several groups have shown that the composition of our bile acids cocktail has a great impact on the susceptibility 
towards C. difficile infections, and that especially secondary bile acids produced by intestinal bacteria hamper C. 
difficile proliferation. 
Objectives 
We aim to elucidate the exact mechanisms behind the differential effects of single bile acids on vegetative cells of 
C. difficile. 
Materials & Methods 
Sub-lethal concentrations of the primary bile acids cholic- and chenodeoxycholic acid and the secondary bile 
acids deoxycholic- and lithocholic acid were determined in shock experiments and for long-term challenge with 
bile acids. An LC-MS-based proteomics approach was used to record stress signatures in the soluble protein 
fraction and specifically in the membrane proteome for the four mentioned bile acids and a mixture of them. 
Comprehensive datasets were visualized in Voronoi treemaps and principal component analysis plots. Motility 
assays were performed on swimming agar plates and the morphology of C. difficile was investigated by negative 
contrast electron microscopy. 
Results 
While inhibitory concentrations for the single bile acids vary significantly, a general adaptation to increased 
concentrations of bile acids was observed during long-term stress. Proteomics revealed a loss of flagella in bile 
acids-stressed C. difficile cells, which was supported by electron microscopy images and a reduced motility of the 
bacterium. All tested bile acids feature a steroid structure and therefore represent natural antimicrobial 
substances challenging the integrity of cells. Consequently, a general overlapping stress response could be 
determined for all tested bile acids. However, several proteins showed an altered abundance in the presence of 
only one specific bile acid indicating the existence of an additional specific stress response for each bile acid. 
Conclusion 
C. difficile can grow in the presence of high concentrations of bile acids. Proteins involved in the stress adaptation 
were identified in this study and will be in the focus of our future work. 

P 34 
Comparative analysis of mitochondrial genomes of three Armillaria species 
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Krutovsky1,5,6,7 
1Siberian Federal University, Laboratory of Forest Genomics, Genome Research and Education Center, Krasnoyarsk, RU 
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3V. N. Sukachev Institute of Forest SB RAS, Laboratory of Reforestation, Mycology and Plant Pathology, Krasnoyarsk, RU 
4Siberian Federal University, Center of High Performance Computing, Krasnoyarsk, RU 
5Georg-August University of Göttingen, Department of Forest Genetics and Forest Tree Breeding, Göttingen, RU 
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7Texas A&M University, Department of Ecosystem Science and Management, College Station, RU 

Objectives: Mitochondrial genomes may provide clues into the evolution of fungi and are successfully used in 
population and phylogenetic studies. The main objectives of this study are annotation and comparative analysis 
of mitochondrial genomes of three Armillaria species - A. borealis, A. sinapina and A. ostoyae.  
Materials & Methods: Mitochondrial genomes of A. borealis and A. sinapina were sequenced in the Laboratory 
of Forest Genomics (Genome Research and Education Center, Siberian Federal University) using Illumina HiSeq 
2000 & MiSeq platforms. Assembly was performed using the CLC Genomics Workbench. Additionally, we used 
sequence of mitochondrial genome of A. ostoyae, which was obtained from the US DoE JGI database. 
Conserved protein-coding and rRNA genes were identified by the Mfannot and BLASTn tools. Intron-exon 
boundaries were identified using RNAweasel and Mfannot. Two programs, ARAGORN and RNAweasel were 
used to predict tRNA genes. Some hypothetical proteins were analysed by a BLASTx.  
Results: Mitochondrial genomes of A. borealis, A. sinapina and A. ostoyae are 116443, 103563 and 122167 bp 
long circular DNAs, respectively. All genomes contain 14 core genes involved into oxidative phosphorylation, two 
genes of large and small rRNAs, one ribosomal protein S3 and sets of tRNAs. We found two types of mobile 
genetic elements in genomes: intron-encoded homing endonucleases of LAGLIDADG and GIY-YIG families and 
plasmid-related sequences.  
Conclusion: Comparative analysis showed high-variability of mitochondrial genome sizes, which can be 
explained by different number and length of introns and mobile elements. The homology between mitochondrial 
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plasmid-encoded genes suggests that in A. borealis and A. ostoyae they were acquired by horizontal gene 
transfer followed by integration of ancestral mitochondrial plasmids into mitochondrial DNA. Explanation of 
uneven distribution of introns and mobile genetic elements in close-related species needs further research. 
 
P 35 
Development of catabolite repression deficient mutant strains of C. acetobutylicum for ABE fermentation 
of hemicellulose material 
J. Müller1, N. Saunders2, W. Liebl1, A. Ehrenreich1 
1TU-München, Chair of Microbiology, Freising, DE 
2Brunel University, Chair of Systems and Synthetic Biology, London, GB 

Conventional acetone-butanol-ethanol (ABE) fermentations with C. acetobutylicum using feedstocks from 
renewable resources such as starch compete with food production. Therefore, hemicellulose containing 
substrates such as substrates prepared from lignocellulose that contain a large share of pentoses, have recently 
come into focus. As these feedstocks always contain glucose that represses pentose utilization, the development 
of strains that completely degrade the pentoses in the presence of glucose is essential for efficient butanol 
production from such substrates. 
Carbon catabolite repression (CCR) is well studied in model organisms such as E. coli or B. subtilis but little is 
known about it in Clostridia. Therefore, we developed a method for the isolation of mutants that lack catabolite 
repression. C. acetobutylicum wild type was cultivated in continuous cultures on a phosphate-limited minimal 
medium containing small amounts of glucose and excess xylose. Glucose concentration was set to limit clostridial 
growth in order to promote growth of mutants that can use both xylose and glucose simultaneously and finally 
overgrow the mutant. Also, chemical mutagenesis using ethyl methanesulfonate was done. These mutagenesis 
experiments were followed up by a subsequent cultivation of the cells on xylose and the sugar analogue 2-deoxy-
D-glucose, which allowed the isolation of mutants with defects in catabolite repression. Those mutants showed 
complete degradation of a synthetic medium containing a major share of arabinose and xylose as well as glucose 
and galactose and significantly increased butanol production compared to the wild type. Moreover, the mutants 
exhibited an increased butanol production from hemicellulose hydrolysates containing glucose, xylose and 
arabinose. Genomic sequencing of the mutants revealed frameshift mutations in the glucose- and mannose-
specific phosphotransferase systems (PTS) as well as in relevant permeases and the sigD/whiG sigma factor 
family. CCR mutants were also identified for C. saccharobutylicum using a similar approach. 

P 36 
Analysis of repetitive DNA sequences in genomes of Porodaedalea niemelaei M. Fischer and 
Porodaedalea chrysoloma 
A. Aksyonova1, Y. Putintseva1, N. Oreshkova1,2, I. Pavlov3,4, Y. Litovka5, K. Krutovsky3,6,7,8 
1Siberian Federal University, Laboratory of Forest Genomics, Genome Research and Education Center, Krasnoyarsk, RU 
2V. N. Sukachev Institute of Forest, Laboratory of Forest Genetics and Selection, Krasnoyarsk, RU 
3 Siberian Federal University, Laboratory of Forest Genomics, Genome Research and Education Center, Krasnoyarsk, RU 
4V. N. Sukachev Institute of Forest SB RAS, Laboratory of Reforestation, Mycology and Plant Pathology, Krasnoyarsk, RU 
5M. F. Reshetnov Siberian State Aerospace University, Department of Silviculture, Krasnoyarsk, RU 
6N. I. Vavilov Institute of General Genetics, RAS, Laboratory of Population Genetics, Moscow, RU 
7Texas A&M University, Department of Ecosystem Science and Management, College Station, RU 
8Georg-August University of Göttingen, Department of Forest Genetics and Forest Tree Breeding, Göttingen, RU 

Objectives: The Porodaedalea fungi are effective decomposers of wood, especially Porodaedalea niemelaei M. 
Fischer that can do it even at low temperature. Genome analysis of P. niemelaei and P. chrysoloma including 
their highly repetitive DNA sequences was done mainly to find new important genes and metabolic pathways 
involved in bioconversion of wood. Identification of repeats is also important because of the role that repetitive 
sequences may play in determining the structure and evolution of genes and genomes. 
Materials & methods: The P. niemelaei genome was sequenced and annotated using the PacBio technology by 
the US DoE Joint Genome Institute (JGI) in collaboration with Department of Forest Genetics and Forest Tree 
Breeding, Georg-August University of Göttingen, Germany and Laboratory of Forest Genomics, Siberian Federal 
University, Russia. The length of the full genomic assembly was 53 Mbp, which consisted of 951 scaffolds with 
N50 equalled 140 Kbp. Genome assembly of P. chrysoloma was obtained from the JGI fungal database. The 
length of the full genomic assembly was 44 Mbp and consisted of 1648 scaffolds with N50 equalled 550 Kbp. 
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Results: In total, 161 highly repetitive elements were detected in the genome of P. niemelaei including 127 
unknown, 12 Gypsy, 5 Copia, 2 TcMar-Sagan, 1 hAT-hATw,3 CMC-EnSpm, 1 TcMar-Ant1, 1 TcMar-Pogo, 1 
CMC-EnSpm, 1 Tad1, 1 Helitron, 1 R1, 1 TcMar-Fot1, 1 RTE-X, 1 Pao, and two simple sequence repeats 
(SSRs), and 122 repeats were detected in the genome of P. chrysoloma, including 94 unknown, 13 Gypsy, 5 
Copia, 1 TcMar-Sagan, 2 hAT-hATw, 1 CMC-EnSpm, 2 TcMar-Ant1, 1 TcMar-Pogo, 1 Tad1, and two SSRs. 
Conclusion: Known as well as mostly unknown repetitive elements were identified in Porodaedalea genomes. 
Their study and comparative analysis in the genomes of basidiomycetes will help us more accurately determine 
the taxonomy of these species and to reveal their evolutionary relationships. 

Systems & Synthetic Biology 
 
P 37 
Facing a gradual shift from aerobiosis to anaerobiosis – The regulatory perspective in Corynebacterium 
glutamicum 
J. Lange1, T. Busche2, J. Kalinowski2, R. Takors1, B. Blombach1 
1University of Stuttgart, Institute of Biochemical Engineering, Stuttgart, DE 
2University of Bielefeld, Center for Biotechnology (CeBiTec), Bielefeld, DE 

Introduction. Bacteria encounter varying oxygen concentrations in manifold situations e.g. in their natural habitat 
and also in large scale industrial processes evoking viability and production deficiencies (1). To adapt to the 
changing environment bacteria have to remodel their entire metabolism (2, 3). Despite its relevance for 
pathogenicity and bio-based production processes, the molecular events during these transitions are poorly 
understood. 
Objectives. We systemically investigate the adaptation of the industrially relevant Corynebacterium glutamicum 
to a gradual change from aerobiosis towards anaerobiosis. Our work focuses on the underlying regulatory 
network. 
Methods. A "triple-phase" batch bioprocess was established that depicts three successive phases (aerobiosis, 
micro-aerobic interface and anaerobiosis) in a single bioreactor. Samples were analyzed for substrate 
consumption, organic acid production, enzyme activities, intracellular metabolites and whole transcriptome 
analysis by RNA-sequencing. 
Results. The bacterium's physiological changes delineated a decreasing growth rate at increasing oxygen 
limitation. The main fermentation products (L-lactic acid, succinic acid and acetic acid) were secreted to the 
culture supernatant with differential product yields that clearly border each process phase. RNA-sequencing 
analysis revealed differential expression of 1421 genes. Under anaerobic conditions translation as well as 
transcription was tightly downregulated, which was not yet prominent under micro-aerobiosis. Pentose phosphate 
pathway activity was found not to be regulated on a transcriptional but presumably on a metabolic level. 
Differential expression of a set of transcriptional regulators may include yet unknown oxygen-responsive sensors. 
Conclusion. The established bioprocess is an elegant approach for the systemic investigation of C. glutamicum's 
adaptation to a progressive oxygen tension and generates insights into the hierarchical regulatory regime. Deeper 
analysis of the identified regulators could reveal novel targets for strain optimization or even pharmaceutical 
applications. 
References 
1. Lange et al. 2016. Eng. Life Sci. 17, 1–22. 
2. Patschkowski et al. 2000. p. 61–78. In Storz, G, Hengge-Aronis, R (eds.), Bacterial stress responses. ASM 
Press, Washington, D.C. 
3. Bunn et al. 1996. Physiol. Rev. 76:839–885. 

P 38 
Modifying the quality and quantity of the exopolysaccharide xanthan by genetic engineering of the 
Xanthomonas campestris pv. campestris genome sequence 
J. Voss1, K. Niehaus1, A. Pühler1, V. Ortseifen1 
1CeBiTec/Bielefeld University, Bielefeld, DE 

Xanthan gum is a secondary metabolite of different Xanthomonadaceae, which is used as a thickener and 
emulsifier in industrial food and non-food sectors as well as in oil recovery, because of its unique rheological 
properties. The exopolysaccharide xanthan was discovered in the 1950s and its chemical structure was 
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characterised in 1975. It is a heteropolysaccharide with a primary structure consisting of repeated 
pentasaccharide units formed by a main chain - consisting of D-glucose units - and trisaccharide side chains - 
containing a D-glucuronic acid unit between two D-mannose units - which are linked alternate to the D-glucose 
units. The internal and terminal mannose residues can be substituted by pyruvic acid or acetyl groups. The levels 
of pyruvate and acetyl substitution varies on different strains, bacterial growth conditions and other parameters. In 
the late 1990s the function of most gum genes involved in the xanthan biosynthesis - situated in the gum operon - 
were clarified. The whole genome information of Xcc was revealed by Vorhölter et al. in 2008. By introduction of 
various mutations in the wild type strain Xcc B100 the quality of xanthan and the quantity of the xanthan 
production in Xanthomonas campestris pv. campestris should be modified and improved. Construction of mutants 
can be performed by classical genetic approaches like over-expression or the knock-out of a wild-type gene 
product that cause a phenotype of interest. Furthermore, analysing uncertain functions of gum genes will led to a 
better understanding of xanthan biosynthesis. First knock-out mutations are established in the genome of Xcc B100 and 
the characterisation of these strains are currently running. 

P 39 
Tools in the box: A novel genetic instrument to manipulate Mycoplasma pneumoniae cells  
C. Blötz1, C. Lartigue-Prat2, J. Busse1, J. Stülke1 
1University of Göttingen, Göttingen, DE 
2University of Bordeaux, Bordeaux, FR 

The Gram-positive Mollicutes attracted much attention since they represent bacteria with the smallest genomes 
and independent viability. However, the detailed genetic analysis of Mycoplasma cells is quite limited in contrast 
to well-analyzed bacterial model organisms. This is due to the lack of techniques to manipulate these bacteria in 
an efficient way. One major lack for the work with Mycoplasmas were missing extrachromosomal elements that 
do not integrate via transposition into the genome. For different Mycoplasma spp. excluding Mycoplasma 
pneumoniae, plasmids were developed. Many of these showed still integration into the chromosome besides their 
functionality to express native proteins or the targeted disruption of genes (1-3). For the first time we showed that 
the replication of a plasmid is possible in the human pathogen M. pneumoniae. The developed plasmid replicates 
efficiently in M. pneumoniae and does not integrate into the chromosome. As a proof of principle we showed that 
this plasmid is a valuable tool to complement a disrupted gene in the cells. Furthermore, the plasmid was used to 
express proteins to perform in vivo studies for protein-protein interaction with the SPINE method (4). To spread 
this project to a broader audience we tested the functionality of this plasmid in different other Mycoplasma 
species. We showed that this plasmid is also conferring very efficient antibiotic resistance in other Mycoplasmas. 
Therefore, this novel plasmid in the toolbox of Mycoplasma spp. is a fundamental prerequisite for many 
experimental approaches and may facilitates experiments to answer questions that were remained open for a 
long time. 
1) Lee SW, et al. Microbiology 
2) Maglennon GA, et al. Vet Res 
3) Matteau D, et al. Appl Env Micro  
4) Herzberg C, et al. Proteomics  

P 40 
MiniBacillus – Progress and drawbacks on the way to a genome-minimized Bacillus subtilis cell 
A. Klewing1, D. Reuß1, U. Mäder2, J. Altenbuchner3, T. Ischebeck1, F. Commichau1, J. Altenbuchner3, U. Völker2, 
J. Stülke1 
1University of Göttingen, Göttingen, DE 
2University Medicine Greifswald, Greifswald, DE 
3University of Stuttgart, Stuttgart, DE 

Understanding cellular life requires a comprehensive knowledge of the essential functions, the cellular 
components, and their interactions. One way to gain this knowledge is the reduction of an organisms genome. In 
the MiniBacillus project, we want to create a genome-minimized Bacillus subtilis strain in which each gene is 
essential and its contribution to sustain the living cell is known. Recently, we have presented our rational design 
of a minimal B. subtilis cell (1). This theoretical minimal genome guided the successive removal of dispensable 
genomic regions and has resulted in a 42% reduction of the B. subtilis 168 chromosome so far. An integrated 
omics analysis with two genome-reduced strains, covering the genome, the transcriptome, the proteome, and the 
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metabolome showed significant changes on all levels of cellular functions (2). The results of this analysis suggest 
several high-priority targets for the next deletion steps in order to improve the resource allocation in the cell and 
to ensure the further reduction of the genome. Despite all our efforts to create a highly precise blueprint for 
MiniBacillus, we have encountered several dead ends in this project. However, the nature of a top-down 
approach allows us to identify genes, which are causing negative effects. By this, it was possible to identify the 
novel competence factor nrnA, coding for a nanoRNase in B. subtilis. 
1) Reuß et al. Microbiol Mol Biol Rev 80, 955-987 
2) Reuß et al. Genome Res 27, 289-299 

Functional Phage Genomics 
 
P 41 
Creating a minimal virus 
T. Schilling1, R. Hertel1 
1Institute of Microbiology und Genetics, Genomic and Applied Microbiology, Göttingen, DE 

In times of the antibiotic crisis, bacteriophages are a promising treatment against multi-resistant pathogens. 
However, potential risks on this application are hard to assess due to a mainly uncharacterized bacteriophage 
genetic pool. Until recently, genetic modification of bacteriophages has been limited. In 2012, the revolutionary 
CRISPR-Cas9 system was introduced, and researchers demonstrated its ability to modify bacteriophages. In our 
studies, we intend to obtain new knowledge about hypothetical genes of bacteriophages in general. Our aim was 
to create a minimal bacteriophage with a completely understood genome. Therefore, a plasmid based CRISPR-
Cas9 system was employed. Using Bacillus subtilis as model host organism, we further reduced the genome of 
vB_BsuP-Goe1, the smallest Bacillus bacteriophage discovered so far. The here presented procedure can be 
applied to investigate the genetic content of therapeutic relevant bacteriophages and allow a better risk 
assessment. 

P 42 
Regulatory interactions between Corynebacterium glutamicum and the prophage CGP3 
M. Hünnefeld1, E. Pfeifer1, J. Frunzke1 
1Forschungszentrum Jülich GmbH, IBG-1, Jülich, DE 

Introduction: Virus-derived DNA represents a predominant cause for strain-specific differences within a bacterial 
species. However, the integration of these DNA elements into the genome and into host regulatory circuits 
requires a stringent regulation to avoid potential toxicity of foreign genes. The genome of the Gram-positive soil 
bacterium Corynebacterium glutamicum ATCC 13032 contains three prophages (CGP1-3). Among those, the 
large, cryptic prophage element CGP3 covers almost 6% of the entire genome (~187 kbp) and is still inducible [1]. 
Prophage activation can be triggered both spontaneously and in an SOS-dependent manner [2]. 
Objectives: Our studies focus on the investigation of the molecular mechanisms underlying the control of 
prophage induction in C. glutamicum and its regulatory interaction with the host. 
Materials & methods: We used ChAP-Seq experiments in combination with EMSA studies to identify direct 
targets of the prophage silencer CgpS on a genomic scale. Furthermore, DNA affinity chromatography with 
several selected phage promoter regions was conducted to fish for putative regulatory proteins affecting phage 
gene expression. The influence of these regulators was analysed using flow cytometry of reporter strains, 
microarray analyses and fluorescence microscopy. 
Results: In recent studies, we reported on the small nucleoid-associated protein CgpS (CgpS: C. glutamicum 
prophage silencer) as an essential silencer of cryptic prophage elements in C. glutamicum. CgpS was shown to 
predominantly bind to AT-rich DNA and represses gene expression of mainly horizontally acquired genomic 
regions [3]. In recent attempts, we aimed at the identification of further transcriptional regulators interacting with 
CGP3. Interestingly, several host regulatory proteins were found to bind to the CGP3 element. Among those, we 
identified prominent regulators of global stress responses, cell envelope biosynthesis (MalR) and the iron-
dependent regulator DtxR. 
Conclusion: In conclusion, our studies emphasize CgpS as a xenogeneic silencer of the cryptic prophage CGP3 
in C. glutamicum ATCC 13032 and show that there is a tight regulatory interaction of the host and its prophage 
which involves several prophage as well as host regulators. 
1. Helfrich, S., et al., Mol Microbiol, 2015. 
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2. Nanda, A.M., et al., J Bacteriol, 2015. 
3. Pfeifer, E., et al., Nucleic Acids Res, 2016. 

P 43 
Vibrio alginolyticus and Vibrio splendidus – Inoviridae bacteriophages identification and classification in 
the genome sequences of fish pathogens 
C. M. Chibani1, C. Wendling2, R. Hertel1, O. Roth2, H. Liesegang1 
1Institute of Microbiology and Genetics , Department of Genomic and Applied Microbiology, Goettingen, DE 
2GEOMAR - Helmholtz Centre for Ocean Research Kiel, Kiel, DE 

Bacteriophages, or bacterial viruses, are considered to be the most abundant known biological entity. With 
approximately 1031 phage particles existing in nature and aquatic environments, they represent an enormous 
gene reservoir which acts as a key factor in shaping the abundance and variety of bacterial genomes. Temperate 
phages can be seen as evolutionary biological players which integrate as prophages into a bacterial host genome 
and can contribute to the host fitness and virulence by accessory genes (lysogenic conversion). 
In our model system we investigate the interaction of strains of the species V. alginolyticus, V. splendidus and 
their encoded prophages and their impact on their eukaryotic host, the pipefish Syngnathus typhle. Prophages 
from 75 bacterial isolates were induced and a 75x75 phage-bacteria infection matrix was created. Bacteria could 
be grouped into three distinct categories depending on their resistance to phages: highly susceptible, 
intermediately susceptible, and resistant. 
10 Vibrio bacteria genomes were completely sequenced covering the three categories, of which the phages were 
induced and sequenced as well. TEM of the induced phages enabled us to classify the phages as Inoviridae. 
Clustering the identified Inoviridae prophages with references showed conserved content and synteny. 
We aim to create an Inoviridae phage model using the most abundant orthologous proteins shared by phages, in 
order to get a sensitive method for phage protein identification. This method could be used to generate 
Generalized Genome Models (GMMs) to generate a sensitive tool for prophage genome identification within 
sequenced bacterial host genomes. Furthermore, we will use the genome models as a prerequisite for the 
understanding of prophage driven bacterial genome evolution addressing phage resistance as well as the 
lysogenic conversion within the fish/bacterium/phage model system. 

P 44 
Metagenomic analysis and host specificity determination of four bacteriophage cocktails 
M. Kajsik1, H. Drahovska2, J. Turna1 
1Comenius University, Science park, Bratislava, SK 
2Comenius University, Molecular biology, Bratislava, SK 

Introduction: Bacterial infections, worldwide, causes many complications. According to WHO, the problem has 
two main reasons: on one side, there are an ever increasing number of human bacterial pathogens becoming 
resistant to antibiotics, and on the other side, there are less new antibiotics developed by the pharmaceutical 
industry. A promising strategy for treatment and prevention of bacterial infections is phage therapy. The use of 
phages against pathogenic bacteria was intensively studied in former Soviet-union. Eastern scientists prepared 
phage cocktail products that are distributed as a treatment all over post-soviet countries. 
Objectives: Our main objective was to characterize four different phage cocktails from Russia. We also would 
like to determine proportional representation of phage families, which create phage products and the effectivity of 
infection against clinical strains from Slovak republic.  
Material and methods: Plaque assay on double agar plates was used for host specificity determination. Partial 
genome sequences were obtained using Next-Seq system (Illumina) and assembled by Spades. Annotation of 
partial genomes was defined by RAST and verified by BLAST.  
Results: Four different bacteriophage products were characterized. Two preparations are distributed as 
Intestiphage, one as Sextaphage and the last one as Pyophage. Host specificity was determined against set of 
65 pathogenic bacterial strains. Testing group consists mostly of Escherichia, Salmonella, Enterobacter, 
Cronobacter and Streptococcus species. Both Intestiphage products were able to infect most of the strains, but 
their host specificity was different. The broadest host range was specified in case of Pyophage. Product was able 
to infect 40 tested strains. According to partial genome analysis, all the preparations are mixtures of many phages 
from different families. For example Intestifag A consists of 14 phages and IntestiphageB is a mixture of 50 
different phages mostly from Myoviridae and Siphoviridae families. 
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Conclusion. All four preparations were able to infect bacterial strains from our collection. Phage cocktails 
consists of variable number of phages mostly from Myoviridae and Siphoviridae family. 

MetaOmics & Microbial Ecosystems 
 
P 45 
Frequency matters – impact of seawater flooding on soil ammonia oxidizers 
H. Nacke1, I. Schöning2, R. Daniel1, J. Prosser3 
1Georg-August-University Göttingen, Göttingen, DE 
2Max Planck Institute for Biogeochemistry, Jena, DE 
3University of Aberdeen, Aberdeen, GB 

Coastal areas around the world are challenged by climate change-associated increases in sea levels and storm 
surge quantities, which potentially lead to more frequent flooding of soil ecosystems. Currently, it is widely 
unknown how temporal seawater inundation affects specific functional microbial groups, essential for soil fertility 
and globally important biogeochemical cycles. In this study, the impact of seawater flooding on the abundance, 
community composition and salinity tolerance of soil ammonia oxidizers was investigated. The analyses, 
comprising culture-based and culture-independent approaches, were carried out on the basis of top soil samples 
derived from the German Halligen Hooge, Langeness and Nordstrandischmoor. These islands are flooded by the 
Wadden Sea at different frequencies during the year. Flooding-related changes in community composition of 
archaeal and bacterial ammonia oxidizers were assessed by amplicon sequencing of amoA and 16S rRNA genes 
isolated from Hallig soil. Subsequently, the salinity tolerance of these microbes was investigated within a slurry 
experiment. Furthermore, to obtain ammonia oxidizer isolates for genomic and physiological analysis of 
adaptations toward seawater flooding, culturing was carried out. Findings indicate selection of ammonia oxidizer 
taxa with greater tolerance to high salinity and slightly alkaline pH in soils that are frequently flooded with 
seawater. 

P 46 
A first insight into the metagenome and virome of a human impacted ecosystem in Patagonia 
S. Guajardo-Leiva1, S. L. Valenzuela2, B. Díez1, E. Castro-Nallar2 
1Pontificia Universidad Católica de Chile, Departamento de Ciencias Biológicas, Santiago, CL 
2Universidad Andrés Bello, Center for Bioinformatics and Integrative Biology, Santiago, CL 

Microbes are fundamental drivers of ecosystems and their activities shape the biogeochemistry of the planet. 
Disruption of microbial ecosystem activities may result in pathogenic shifts that affect not only the environment 
but also human populations, i.e., harmful algal blooms; reservoirs of antibiotic resistance (AR). In particular, the 
emergence of AR could be summarized as an evolutionary arms race where microbes exhibit an uncanny ability 
to flank every human attempt to attack infection. In this study, we present the preliminary analysis of three 
sampling sites located at the head of the Comau fjord in Northern Patagonia (42º S), in a region of intensive 
open-cage salmon aquaculture. We intorrogate the metagenomes and viromes of the samples in terms of 
taxonomic and functional composition, diversity, and co-occurrence. Moreover, we test whether other microbial 
communities from impacted ecosystems share features with our samples, which might be indicative of 
convergence towards a common phenotype. Likewise, we test whether microbial composition and AR genes, 
composition of mobile genetic elements, and presence of virulence genes are coupled. Finally, we highlight 
bioinformatic approaches applied to these data but also show that our methods are broadly applicable to other 
model ecosystems. 
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Figure 1 
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Airways microbial metagenome of individuals with immune deficiency, asthma, cystic fibrosis or COPD 
U. Baumann1, O. Holz1, J. Hohlfeld1, F. Behr2, M. Dorda1, G. Hansen1, S. Hedtfeld2, R. Hyde2, J. Mainz3, B. 
Tümmler2, L. Wiehlmann1, K. Pienkowska2 
1MHH, Hannover, DE 
2Hannover Medical School, Department of Pediatric Pneumology and Neonatology, Hannover, DE 
3Friedrich Schiller University Jena, Jena, DE 

Introduction 
Airway infections cause exacerbations of the underlying disease in patients with immune deficiency (ID), asthma 
or COPD and determine course and prognosis in most individuals with cystic fibrosis (CF).  
Objectives. We wanted to identify the composition of the upper and lower airway metagenome in these patient 
groups in a clinically stable condition. 
 
Patients & Methods 
Nasal lavage, throat swabs and induced sputa were collected from 142 CF, 35 asthma, 11 COPD and 10 ID 
patients. Genomic DNA was sequenced by either SOLiD or Illumina technology. After quality filtering of the raw 
reads human and low complexity reads were removed. The remaining reads were mapped onto a microbial 
pangenome of completely sequenced genomes of 1.892 bacteria, 4.193 fungi and 1.153 moulds and XX DNA 
viruses. Results were corrected for the GC-bias of the sequencing technology and normalized to genome size of 
the organism and DNA content of one human cell. The program MetaPhlAn2 was used for taxonomic 
classification of normalized sequence data and for the construction of heatmaps. Phylogenies were constructed 
with the tool GraPhlAn. 
Results 
COPD patients exhibited an airway metagenome dominated by streptococci, Rothia and Prevotella similar to 
healthy smokers and non-smokers. Pre-school wheezers were mainly carrying a normal, but low-diversity 
microbial flora with Rothia mucilaginosa as prime and Actinomyces spp. as diagnostic organisms. Besides 
numerous aerobes and anaerobes, patients with ID were harbouring Moraxella spp. and Haemophilus spp. as 
major pathogens. Individuals with CF exhibited a disease-specific flora primarily made up of Firmicutes 
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(Staphylococcus spp.), alpha- and gamma- Proteobacteria (Pseudomonas aeruginosa, H. influenzae, 
Stenotrophomonas maltophila). The median number of identified taxa varied from 4 (asthma) to 6 (CF) and that of 
genera varied from 25 (COPD) to 97 (CF) between the various disease entities. Principal component analysis 
uncovered clusters of species that were associated with the severity and chronicity of CF lung disease. 
Conclusion 
Disease-associated bacterial metagenomes were seen in patients with CF or ID, but not in patients with asthma 
or COPD. The prevalent phyla in human airways are Actinobacteria, Bacteroidetes, Firmicutes and 
Proteobacteria which make up more than 90% of the metagenome. 

P 48 
Shedding light on the underappreciated complex microbial community structure and trophic networks of 
terrestrial mud volcanos 
T. Wacker1, D. Schneider2, M. Hoppert1 
1Institut für Mikrobiologie und Genetik, Georg-August Universität Göttingen, Allgemeine Mikrobiologie, AG Hoppert, 
Göttingen, DE 
2Institut für Mikrobiologie und Genetik, Georg-August Universität Göttingen, Genomische und Angewandte Mikrobiologie, 
Göttingen, DE 

Introduction: 
Terrestrial methane seepage systems, like mud volcanoes, are recognized as unique habitats that host complex 
microbial communities which contribute to lower the significant methane emissions from these systems by 
oxidizing methane aerobically and anaerobically. They are connected to deep source fluid reservoirs and thus 
represent a window to the deep terrestrial biosphere. 
Objective: 
The aim is to access the hitherto widely unknown microbial community at these sites with a focus on microbial 
eukaryotes by conducting an environmental DNA survey and to correlate environmental parameters to the 
community. Small-scale spatial heterogeneity is also investigated. 
Material & Methods 
Two mud volcano sites located in Italy (Modena province, Northern Apennines), Salse di Puianello and Salse di 
Ospitaletto, were sampled. An environmental DNA survey targeted the V4 region of the 18S rRNA gene and the 
V3 to V4 regions of the 16S rRNA gene of bacteria and archaea. PCR products were sequenced (Illumina 
MiSeq). Sequence data was processed using the PEAR, QIIME, and USEARCH. Environmental parameters were 
measured at both sites.  
Results: 
The mesohaline, neutral to slightly alkaline sites feature unique, diverse microbial eukaryotic communities, in 
which diatoms dominate. Syndiniales, previously thought to be strictly marine, were also present at one site. If 
proven to be correct, the parasitic group of Syndiniales is not exclusively marine. This would have multiple 
implications, including for the biogeography debate and for the rare biosphere. A taxon related to Metopus sp. 
was found. Metopus is known to bear hydrogenosomes, as well as methanogenic symbionts. Generally, a distinct 
small-scale spatial hetereogeneity was observed. 
Conclusions: 
Terrestrial mud volcanoes are unique habitats with complex, diverse communities, in which microbial eukaryotes 
likely play an important role. The dataset provides new insights in biogeography and rare biosphere. 

P 49 
New roles of methanogenesis in Amazon soils: May unculturable Archaeal phylum Bathyarchaeota be 
associated with methane emissions in Amazon soils? 
L. Nascimento Lemos1, A. Venturini1, N. Dias1, A. Franca1, J. Gontijo1, C. Yoshiura1, T. Siu Mui1 
1University of Sao Paulo, Center of Nuclear Energy in Agriculture, Piracicaba, BR 

Land-use changes contribute to soil moisture alterations which is likely to increase the anaerobic decomposition 
and methane emission in a further global warming scenario. Classical studies regarding microbial metabolism 
demonstrated that only Archaea Euryarchaeota phylum is linked with methane emission. However, new studies 
based on genome-centric approaches have identified novel Archaea phylum hosting similar metabolic functions. 
Based on this context, we hypothesize that land-use changes and alterations on specific soil parameters, like 
moisture levels, alters Archaea communities. To test this hypothesis, we collected forest and pasture soil samples 
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in Amazon (Tapajos Forest) and conduct a 30-day laboratory incubation experiment with three moisture level (0, 
60 and 100%). Total DNA was extracted and Archaea 16S rRNA gene fragments were amplified followed by 
Illumina HiSeq sequencing. Bioinformatics analysis, including quality control (qc), picking OTUs and taxonomy, 
were performed according to the Uparse pipeline. Qc filtering resulted in ~ 1,000,000 high quality sequences. 
Multivariate analysis demonstrates a clear differentiation between forests and pasture microbial communities. The 
Archaea pasture and forest microbiota responded to changes in moisture levels. The community in the forest 
showed a gradient in different levels, while in the pasture microbiota changes were observed only in 30-day 
treatment, with 100% moisture level. Thaumarchaeota, Bathyarchaeota and Euryarchaeota (> 99% of relative 
abundance) are the most abundant phyla. Nevertheless, Bathyarchaeota and Euryarchaeota are more abundant 
in pasture than in forest and there is a positive correlation between abundance of this these two phyla with high 
levels of moisture and methane emission. In pasture soil with 100% moisture level Bathyarchaeota are four times 
more abundant than Euryarchaeota. Our results indicate that Archaea response to forest-to-pasture conversion 
and Bathryarchaeota phyla may be associated with increase of methane emission in fully saturated amazon soils, 
in anaerobic conditions. These studies reinforce the new functional role of unculturable microorganisms and the 
microbial dark matter. Next, we are going to identify active archaea functions using metatranscriptomic data. 

P 50 
Structural and functional characterization of microbial communities within the biogeographical provinces 
of the Pacific Ocean 
A. von Hoyningen-Huene1, B. Wemheuer2, R. Daniel1 
1University of Göttingen, Genomic and Applied Microbiology, Göttingen, DE 
2The University of New South Wales, Centre for Marine Bio-Innovation, Sydney, AU 

Bacterial and archaeal communities are essential for ecosystem stability and function in marine ecosystems. The 
environmental forces driving their diversity, distribution and function are not well understood. We investigated 
entire (DNA-based) and active (RNA-based) prokaryotic communities in the Pacific along a transect ranging from 
30°S to 60°N. Samples were taken during the SO248 cruise with the research vessel Sonne during May and 
early June 2016. Microbial communities were assessed by community barcoding targeting bacterial and archaeal 
16S rRNA genes and transcripts. Our data showed a transition between warm and cold oceanic provinces, 
reflected by two distinct microbial communities. Evidence was found supporting Baas-Beckings theory of 
everything is everywhere, but, the environment selects, as abundant bacterial and archaeal groups were widely 
distributed, while specialised lowly abundant community members served as indicators for different regions. 
Further, we found the diversity of the entire bacterial community to oppose the Red Queen runs faster when she 
is hot theory but were also not able to confirm diversity peaks found in other studies. To our surprise, archaea 
followed the Red Queen hypothesis and showed a diversity increase with increasing temperatures at entire 
community level. In addition, differences in environmental drivers of entire and active prokaryotic communities 
indicated that short-term (RNA-based) and long-term (DNA-based) changes depend on different factors. The 
bacterial community was dominated by Synechococcus and the SAR11 clade, with ecotypes adapted to different 
oceanic regions. Marine Group II Euryarchaeota dominated the archaeal community, followed by Marine Group I 
(Thaumarchaeota) in cold and Marine Group III (Euryarchaeota) in warm waters. Within the active archaeal 
community MGI and MGIII were most abundant. MGII contributed to the active archaeal community only within a 
small temperature range. Archaea are considerably involved in marine biogeochemical cycles. The analysis of 
their communities forms an important basis for the understanding of these cycles. To our knowledge, no transect 
of this size has so far been investigated with respect to entire and active bacterial and archaeal communities, 
thus highlighting the importance of this study. 

P 51 
The double function of a new type of promiscuous enzymes exhibiting beta-lactamase and phytase 
activity 
K. Funkner1, G. Castillo Villamizar1, H. Nacke1, K. Foerster 1, R. Daniel1 
1Georg-August University Göttingen , Department of Genomic and Applied Microbiology, Göttingen, DE 

Metagenomic approaches allow to study, understand and unlock the still largely unknown potential of 
microorganisms. A number of different enzymes with industrial and medical applications have been found via 
metagenomics. However, some types of proteins such as beta-lactamases and phosphatases were only rarely 
considered in metagenomic surveys. Recent function-based screening of metagenomic libraries for phosphatases 
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led to the identification of two positive clones, which carried DNA inserts encoding no domains or catalytic 
signatures with similarity to known phosphatases. However, potential beta-lactamase ORFs (Blp1 and Blp2) were 
identified. The aim of this work was to unravel the function of the gene products Blp1 and Blp2, and the ability to 
act as beta-lactamase and simultaneously as phosphatase. 
Blp1 and Blp2, exhibit phytase activity (release of phosphate from phytate) and show sequence similarity to a 
beta-lactamase domain protein of Gemmatriosa kalamazoonesis and a beta-lactamase of Blastomonas sp. 
CACIA14H2, respectively. Biochemical characterization confirmed activity of both gene products towards beta-
lactam antibiotics and diverse phosphorylated substrates. During the last years, several metallo-beta-lactamases 
have been reported to show enzyme promiscuity including phosphor-di-esterase, phosphor-tri-esterase, and 
phosphonatase activity. However, promiscuous beta-lactamases were not reported to hydrolyze phosphor-mono-
ester bonds such as those present in phytate. To our knowledge, we introduce here the first promiscuous beta-
lactamases with phosphor-mono-esterase activity. 

P 52 
The effects of cropping regimes on plant-associated microbial communities of winter faba bean (Vicia 
faba L.) and winter wheat (Triticum aestivum L.) differ between crop species and plant compartment 
S. Granzow1, B. Wemheuer2, B. Pfeiffer1,3, K. Kaiser3, R. Daniel3, S. Vidal1, F. Wemheuer4 
1Georg-August University, Crop Sciences, Göttingen, DE 
2University of New South Wales, Centre for Marine Bio-Innovation, Sydney, AU 
3Georg-August University, Genomic and Applied Microbiology, Göttingen, DE 
4University of New South Wales, Applied Marine and Estuarine Ecology, Syndney, DE 

Multiple cropping systems provide many beneficial ecological and economical services such as enhanced plant 
productivity or reduced plant pathogen damage. Consequently, they offer great potential for a sustainable 
intensification of agricultural production systems. Although the effect of different cropping systems on the plant 
microbiome has been studied during the last years, our understanding of microbial responses towards cropping 
systems is still limited. Hence, we studied the influence of intercropping regimes on fungal and bacterial 
communities in bulk and rhizosphere soils as well as in the roots and aerial plant parts of winter faba bean (Vicia 
faba L.) and winter wheat (Triticum aestivum L.) using metabarcoding on an Illumina (MiSeq) sequencer. For this 
purpose, we designed a greenhouse pot experiment simulating different cropping regimes (monocultures, row 
and mixed intercropping). Microbial communities varied between crop species and plant compartments resulting 
in different responses of these communities towards cropping regimes. For example, leaf endophytes were not 
affected by the cropping regimes contrary to bacterial and fungal community structures in bulk and rhizosphere 
soil. To quantify observed effects under field conditions, we collected samples of monocultured and intercropped 
faba bean and wheat from two different experimental field sites in April and July 2016. We used the same 
approach as for the potting experiment to assess microbial communities in rhizosphere soil as well as root and 
leaf endosphere. First results revealed that microbial communities were strongly influenced by cropping system 
but this effect was crop species- and plant compartment-dependent. In addition, we detected differences in 
microbial communities with regard to sampling site and time. To our knowledge, this is the first field study 
investigating the effect of cropping system, sampling time, and field sites on plant-associated microbial 
communities of two agriculturally important crop species using large-scale metabarcoding. 

P 53 
How rainforest conversion to agricultural systems on Sumatra (Indonesia) affects active bacterial 
communities in soil 
D. Berkelmann1, D. Schneider1, A. Meryandini1, R. Daniel1 
1Institute of Microbiology and Genetics, Göttingen, DE 

Palm oil production in Indonesia increased constantly over the last decades, which led to massive deforestation, 
especially on Sumatra island. The ongoing transformation of rainforest to agricultural systems decreases 
biodiversity drastically while the effects on the biosphere are still not completely understood. As part of the 
Ecological and Socioeconomic Functions of Tropical Lowland Rainforest Transformation Systems (EFForTS) 
collaborative research center prokaryotic communities in soil were studied in a large-scale experiment with three 
different agricultural treatments. Here, we present the first RNA based study on the effects of rainforest 
transformation for active bacterial communities in soil at hand of metagenomic 16S rRNA sequences. 
Communities were dominated by Frankiales (Actinobacteria), Subgroup 2 of the Acidobacteria and 
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Proteobacteria (mainly Rhizobiales and Rhodospirillales) and showed significant differences between agricultural 
treatments and rainforest reference sites. Most important abiotic drivers were pH, Ca and C to N ratio. Co-
occurrence networks showed an increased clustering of the active community in agricultural treatments and also 
different keystone species candidates, demonstrating a high variability between the different analyzed 
landscapes. Metabolic predictions confirmed previously observed tendencies since rubber and oil palm 
applications showed distinct metabolism activities. These trends are consistent with previously published studies 
on DNA basis and even though the comparison of these studies has to be approached carefully, the overall 
outcome is very convincing. Active bacterial communities are heavily affected by rainforest transformation and it 
appears, that induced changes in soil parameters by fertilizer application and liming causes a disassembly of 
previous community structures based on higher nutrient availability and lower pH. 

P 54 
Characterization of nitrilases and nitrile hydratases isolated from enrichment cultures 
I. Friedrich1, R. Egelkamp1, R. Hertel1, R. Daniel1 
1University of Goettingen, Genomic and Applied Microbiology, Göttingen, DE 

The growing demand of green chemistry for highly specific and environmentally friendly biocatalysts increases 
the interest in fully characterized enzymes. Nitrilases are a group of enzymes degrading nitriles to carboxylic 
acids, while nitrile hydratases and amidases degrade nitriles to amides and subsequently to carboxylic acids. 
Both pathways are of special interest as they can be used for production of valuable pharmaceuticals like 
antidiabetic drugs and bulk chemicals, e.g. glycolic acid. Furthermore, they can be employed for bioremediation 
and wastewater treatment to degrade potentially toxic nitriles. 
The enrichment of a compost soil sample supplemented with six different nitriles resulted in cultures with different 
microbial community compositions. Metagenomes of all cultures were sequenced and bioinformatically 
investigated, leading to the annotation of up to 27 potential nitrilases in one culture and 71 nitrilases in total. In 
addition, a total of 23 nitrile hydratases could be annotated. To analyze the potential of the annotated nitrilases 
and nitrile hydratases for industrial applications, the respective genes were amplified from the corresponding 
metagenomic DNA and cloned in an expression vector. The respective enzymes were heterologously 
overexpressed in E. coli, purified and experimentally verified for nitrile-degrading activity. Subsequently, the most 
promising candidates were biochemically characterized. Thus, a selection of industrially relevant enzymes for 
environmental-friendly green chemistry were analyzed in detail. Furthermore, a concept for the successful 
identification of industrially relevant enzymes is presented. 

P 55 
The fungal frontier – a toolkit for gut mycobiome exploration  
C. E. Huseyin1,2,3, R. Cabrera-Rubio1,2, P. D. Cotter1,2, P. D. Scanlan1 
1APC Microbiome Institute, University College Cork, Cork, IE 
2Teagasc Moorepark, Food Research Centre, Fermoy, IE 
3University College Cork, Microbiology Department, Cork, IE 

Introduction 
The human gut is host to a diverse and complex collection of microbes, including a plethora of fungal species that 
are collectively referred to as the "mycobiome". Despite increased research interest in the mycobiome, a disparity 
exists in the methods used for its study; a number of both culture-dependent and -independent techniques are 
frequently employed and this varied approach makes both comparisons between studies and critical evaluations 
of the collective emerging data difficult. The mycobiome is relevant to human health for a number of reasons; it 
can serve as a reservoir of potentially pathogenic organisms, many of which remain poorly characterised. Our 
mycobiome is also capable of interacting with the immune system and has the potential to modulate the host 
immune response. 
Objectives 
To address the lack of congruency in the methods used to analyse the gut mycobiome, providing key insights 
relevant to not only the development of a "gold-standard" method but also our ability to assess variation in results 
where different techniques were used.  
Materials & Methods 
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We utilised a combination of NGS technology and culturomics to provide a comparative analysis and evaluation 
of several mycobiome specific culture-dependent and -independent methodologies that have been previously 
reported in the literature. We achieved this by utilising faecal samples collected from healthy individuals.  
Results 
Culture media did not have a significant effect on fungal recovery, nor did whether the samples were incubated 
aerobically or anaerobically. However fungal recovery was significantly lower for samples that had been frozen 
prior to plating on culture media. DNA extraction method had a significant effect on both the quantity and quality 
of DNA obtained. The choice of primers affected the success of the PCR with many primers failing to produce a 
PCR product at all. Neither DNA extraction method nor freezing of faecal samples had a significant effect on 
fungal diversity 
Conclusion 
As anticipated, the use of different techniques to assess the gut mycobiome gave vastly different outcomes. Key 
methodological decisions such as freezing of faecal samples, culture media selectivity, DNA extraction method 
and PCR primer choice require careful consideration when performing a fungal survey of the gut microbiome. 

P 56 
Diversity driven cultivation and genome sequencing about 80 slow growing Planctomycetes reveal their 
potential for small molecule production   
S. Wiegand1, M. Jogler, A. Heuer, P. Rast, A.-K. Kaster2, O. M. Lage3, L. Øvreås4, L. van Niftrik1, J. Vollmers2  
C. Jogler1 

1Radboud University Nijmegen, Microbiology, Nijmegen 
2DSMZ, Braunschweig 
3University of Porto, Porto 
4University of Bergen, Bergen 

Introduction 
Members of the taxon Planctomycetes belong to the PVC (Planctomycetes-Verrucomicrobia-
Chlamydiae) superphylum. They have been described to lack peptidoglycan and to possess a compartmentalized 
cell plan, but both of those assumptions have recently been challenged. However, Planctomycetes still have 
many unusual features. They divide FtsZ-independently by an extraordinary polar budding mechanism. 
Associated with this atypical trait is a life style switch from sessile mother to planktonic daughter cells. Also, 
planctomycetal genomes encode numerous giant genes and bear the genomic potential for secondary metabolite 
production. 
Objectives 
With relatively few genomic sequences being publicly available, the whole clade is notably under-sampled. 
Therefore, we focused our efforts on increasing the data basis for comparative studies. 
Materials & methods 
For this purpose, we sampled multiple aquatic habitats around the globe and isolated about 80 new 
planctomycetal strains from various biotic and abiotic surfaces. Planctomycetes were enriched by targeting the 
slow growing antibiotic insensitive bacteria in combination with selective carbon sources. To allow detailed 
analyses we produced closed as well as high-quality draft genomes of the novel isolates. 
Results 
Most of these strains represent novel taxa up to the order level, capturing an unpreceded degree of diversity. In 
total, we brought more novel Planctomycetes into pure culture than currently described species of this phylum 
exist. The exploration of the gained genomic information not only enables deep insights into the taxonomy of the 
phylum and its subtaxa, but also the definition of its core and pan genome. The latter increases our knowledge on 
the metabolic versatility and the environmental role of this phylum. 
Conclusion 
Furthermore, we identified secondary metabolite related genes and further strengthened our hypothesis of 
Planctomycetes as talented producers. Finally, the dataset will lead to the development of an advanced 
hypothesis of planctomycetal cell divisio 
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P 57 
Characterization of genome bins of the Miscellaneous Crenarchaeotal Group recovered from 
metagenome sequence data of different biogas reactor microbiomes 
I. Maus1, M. Rumming1,2, A. Sczyrba1,2, A. Schlüter1, M. Klocke3 
1Center for Biotechnology (CeBiTec), Bielefeld, DE 
2Bielefeld University, Faculty of Technology, Bielefeld, DE 
3Leibniz Institute for Agricultural Engineering and Bioeconomy (ATB), Bioengineering, Potsdam, DE 

Introduction: The non-cultivable fraction of biogas microbiomes was recently accessed applying metagenome 
assemblies combined with binning methods enabling the identification of novel species. Applying this strategy, 
genome bins representative for the Miscellaneous Crenarchaeotal Group (MCG) of the domain Archaea were 
obtained from aquifer systems and published recently. Based on the metabolism reconstructed from genome bin 
data, it was suggested that MCG members are performing methylotrophic methanogenesis indicating that 
methane metabolism also exists outside the phylum Euryarchaeota. 
Objectives: This study addresses the identification of MCG members and analysis of their putative role in 
anaerobic digestion and biomethanation processes in biogas reactors. 
Materials & methods: Thermophilic and mesophilic biogas reactor systems were sampled. Metagenome 
shotgun libraries were constructed and sequenced on the Illumina MiSeq system. Pooled metagenome 
sequences were processed for a combined assembly with Megahit. Taxonomic classifications of predicted genes 
were computed with MEGAN6 performing the Lowest Common Ancestor (LCA) approach. Binning of the 
combined assembly was performed with Metabat and SPAdes. 
Results: Taxonomic profiling of the biogas microbiomes revealed that between 1% and 2% of all classified 
sequences could be assigned to the MCG. Metagenome assembly of the biogas microbiomes followed by 
genome binning resulted in the reconstruction of five MCG genome bins estimated to be 65% to 92% complete 
and featuring contamination rates of less than 10%. Core gene based phylogenetic classification of the genome 
bins confirmed their placement within specific clades of the MCG. 
Metabolic reconstructions based on genome bin sequences showed that all bins have the genetic potential to 
import and utilize different carbohydrates as well as amino acids. Despite the presence of genes representing the 
Wood-Ljungdahl pathway in the genome bins, neither hydrogenotrophic nor aceticlastic or methylotrophic 
methanogenesis pathways were fully encoded. 
Conclusions: The genetic repertoire of the genome bins indicated a metabolism based on carbohydrate and 
amino acid fermentation indicating a participation in anaerobic hydrolysis. This is the first evidence of the 
presence of MCG members in biotechnological systems for anaerobic digestion and biomethanation of biomass. 

P 58 
VITCOMIC2 – visualization of the phylogenetic composition of microbial communities based on 16S rRNA 
gene amplicons and metagenomic shotgun sequencing data 
H. Mori1, T. Maruyama2, M. Yano2, T. Yamada2, K. Kurokawa1 
1National Institute of Genetics, Mishima, Shizuoka, JP 
2Tokyo Institute of Technology, Tokyo, JP 

The 16S rRNA gene-based microbial community analysis using massively parallel DNA sequencing technologies 
is widely used to infer the composition of microbial communities. To understand the structure of a microbial 
community, it is helpful to have a combined representation of the taxonomic composition of the microbial 
communities and the phylogenetic relationships among taxa. For this purpose, we previously developed the tool 
VITCOMIC (http://vitcomic1.vitcomic.org/), which facilitates visualization of the overall taxonomic composition of a 
sample with indications of sequence identity between reference and sample sequences. For our current study, we 
developed VITCOMIC2, an improved version that offers (i) sequence identity searches against broad reference 
taxa including uncultured taxa; (ii) normalization of 16S rRNA gene copy number difference among taxa; (iii) rapid 
sequence identity searches by applying the GPU-based sequence identity search tool CLAST; (iv) accurate 
taxonomic composition inference and nearly full-length 16S rRNA gene sequence reconstructions from 
metagenomic shotgun sequencing data; and (v) an interactive user interface for simultaneous representation of 
the taxonomic composition of microbial communities and phylogenetic relationships among taxa. VITCOMIC2 
enables users to acquire an intuitive understanding of microbial community composition based on data from the 
16S rRNA gene sequences obtained from metagenomic shotgun and amplicon sequencing. 
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P 59 
Development of a combined in vitro transcription and translation system for rapid cell-free screening of 
metagenome DNA 
M. Janus1, M. Köster1, B. M. Kinfu1, J. Chow1, W. R. Streit1, U. Schwaneberg2 
1University of Hamburg, Institute of Microbiology and Biotechnology, Hamburg, DE 
2RWTH Aachen, Institute of Biotechnology, Aachen, DE 

It is believed that more than 99% of all bacterial species cannot be cultivated under laboratory conditions. To 
overcome this problem metagenomics can be a powerful tool in microbial research. It is based on the culture-
independent analysis of isolated DNA from environmental samples using function- or sequence-based screening 
methods. Our aim is the discovery of novel robust and highly versatile biocatalysts from diverse metagenomes. 
Conventional function-based screening methods are extremely time-consuming and show host-related 
expression problems like differences in the codon usage, incorrect protein folding or the need for initiation factors 
[1]. 
To overcome these host-related limitations we are developing a cell-free and function-based screening platform 
which allows faster and improved screening. 
As a first step, we generated thermostable recombinant bacterial RNA polymerases which showed activity on a 
broad variety of DNA templates, both bacterial and archaeal. In combination with a coupled transcription-
translation system using lysate from the thermophilic Geobacillus sp. GHH01 it allows faster expression of 
metagenomic derived genes at elevated temperatures. 
Thus, our research will contribute to shorten timelines for the development of biotechnological processes and to 
make industrial biocatalysis more attractive and profitable. 
[1] Ferrer M, Martínez-Martínez M, Bargiela R, Streit WR, Golyshina OV, Golyshin PN (2016) Estimating the 
success of enzyme bioprospecting through metagenomics: current status and future trends. Microb Biotechnol 
Microbial Biotechnology 9 (1): 22-34 

P 60 
Tracing antibiotic resistance genes in urban wastewater treatment 
D. Schneider1, D. Zühlke2, F. Streßmann3, K. Premke3, K. Riedel2, R. Daniel1 
1Institute of Microbiology and Genetics, Genomic and Applied Microbiology & Göttingen Genomics Laboratory, Göttingen, DE 
2Institute of Microbiology, Microbial Physiology and Molecular Biology, Greifswald, DE 
3Leibniz-Institut für Gewässerökologie und Binnenfischerei, Chemische Analytik und Biogeochemie, Berlin, DE 

Introduction. Antibiotic resistances of pathogenic microorganisms are increasing due to excessive use in 
medical care and livestock breeding. The full potential of this increasing resilience to commonly used antibiotics 
and the involved systems for dispersal are not fully understood and key environmental distribution mechanics 
remain to be unraveled. Within the framework of the project ANTIRES, which is part of the InfectControl 2020 
funding measure, we aim to assess the antibiotic risk potential in modern urban wastewater treatment systems. 
Objectives. In this study, we investigate the microbial community dynamics of two urban wastewater treatment 
systems, which includes the effluents of hospitals, different wastewater purification stages and the recirculation 
into the environment. The microbial community structure was assessed and antibiotic resistance genes (ARG) 
were identified and quantified. Additionally, the metagenomic approach is accompanied by metaproteomics and 
hydrochemical analyses. 
Methods & Results. Samples were collected in Göttingen and Greifswald from hospital effluents, wastewater 
treatment plants, and environmental waters. Metagenomic DNA is extracted from all samples and used for 16S 
rRNA amplicon-based assessment of the bacterial community and direct metagenome sequencing. The 16S 
rRNA gene data was processed by an in-house pipeline using PEAR, QIIME, and USEARCH. Metagenomic 
shotgun reads were assembled with (Meta)Spades and ARG were detected by employing the Resfams database. 
Physico-chemical parameters were measured. First results show that the microbial community composition 
changes along the different wastewater treatment stages and the relative abundances of potential pathogenic 
microbes changed. A reduction of ARG in the metagenomes in the effluent of wastewater treatment plants was 
indicated. 
Conclusion. Marker gene analyses and metagenomics are excellent tools to assess the entirety of antibiotic-
resistant bacterial community members. The analyses will contribute to improve predictions of future threats 
related to antibiotic-resistant microorganisms in wastewaters and help to establish appropriate prevention 
techniques to reduce their release into the environment. 
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P 61 
Dissemination of antibiotic resistant bacteria and antibiotic resistance proteins in urban wastewaters 
D. Zühlke1,2, D. Schneider3, F. Streßmann4, K. Premke4, R. Daniel3, K. Riedel1,2 
1Ernst-Moritz-Arndt-University, Institute of Microbiology, Greifswald, DE 
2Institute of Marine Biotechnology, Greifswald, DE 
3Georg-August-University, Institute of Microbiology and Genetics, Göttingen, DE 
4Leibniz-Institute of Freshwater Ecology and Inland Fisheries, Chemical Analytics and Biogeochemistry, Berlin, DE 

Introduction. The massive use of antibiotics to treat infections in humans and animals is leading to a growing 
input of antibiotics into the environment and consequently the selection of antibiotic-resistant bacteria. Urban 
wastewater treatment plants (UWTP) have been considered as a hotspot for the dissemination of antibiotic-
resistant bacteria into the environment. However, despite a growing interest in the role of UWTP in the spread of 
antibiotic-resistant bacteria and the dissemination of resistant determinants, only limited quantitative data is 
available investigating this process at different stages of the wastewater treatment. Furthermore, seasonal 
changes of antibiotic-resistant bacteria and resistance determinants have not been studied very detailed so far. 
Objectives. Using a metaproteomics approach, we aim at the identification and quantification of metabolically 
active and antibiotic-resistant bacteria at different sites of the UWTP. The metaproteome data will be 
complemented by metagenomic and hydrochemical analyses. A special emphasis will be put on the analysis and 
comparison of the microbial community and proportion of antibiotic-resistant microorganisms comparing the 
influent and effluent of the UWTP. 
Methods & Results. Samples from different stages of the wastewater treatment plants in Greifswald and 
Göttingen were collected. Extracted proteins were prefractionated by 1D-SDS polyacrylamide gelelectrophoresis 
(PAGE), in-gel digested by trypsin and separated and analysed by high-throughput liquid chromatography 
coupled to tandem mass spectrometry (GeLC-MS/MS). Mascot, Scaffold and the in-house developed 
bioinformatics pipeline Prophane were used to characterize the microbial community and to identify antibiotic 
resistance proteins. Additionally, the proportion of antibiotic-resistant microbes within the bacterial community 
was calculated using culture-dependent methods. First results indicate the presence of resistance determinants 
and antibiotic-resistant bacteria in all analyzed samples, even in the effluent of the UWTP, albeit in a lower 
amount. 
Conclusion. Metaproteomics are an ideal tool to target the metabolically active antibiotic-resistant bacterial 
community. To assess the risk of antibiotic-resistant bacteria in wastewaters and to prevent their spread into the 
environment insights into their dynamics during treatment in UWTP are crucial. 

P 62 
Genome analyses of the abundant Methanothermobacter wolfeii strain SIV6, isolated from a thermophilic 
industrial-scale biogas plant 
J. Hassa1, D. Wibberg1, I. Maus1, J. Nelkner1, J. Kreubel2, A. Winkler1, H. König2, A. Pühler1, A. Schlüter1 
1Universität Bielefeld, CeBiTec, Bielefeld, DE 
2Johannes Gutenberg Universität, Mainz, DE 

Introduction 
Formation of biogas is performed by a complex microbial community, which consists of hundreds or thousands of 
microbial species. The majority of biogas community members, especially from the archaeal sub-community, is 
still unknown. To get deeper insights into corresponding biogas producing communities, it is important to 
characterize archaeal species isolated from biogas production plants. To unravel their genetic potential and 
functions, genome analysis in combination with metagenomic and metatranscriptomic approaches are used. 
Objectives 
In this study, we analyzed the genome sequence of the archaeal strain Methanothermobacter wolfeii SIV6 
originated from a thermophilic industrial-scale biogas plant. This strain was compared to three genomes of the 
genus Methanothermobacter to define their core genome and determine specific genes for strain SIV6. 
Additionally, the metagenome and metatranscriptome data of the corresponding biogas plant was used to 
estimate the strain's abundance in the community and identify highly transcribed genes under conditions within 
the fermenter environment. 
Materials & Methods 
The genome of M. wolfeii SIV6 was sequenced on the Illumina MiSeq platform. The three genomes of the genus 
Methanothermobacter and the strain SIV6 were analyzed applying the comparative genomics platform EDGAR. 
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Additionally, metagenomic and metatranscriptomic reads were mapped on the M. wolfeii SIV6 genome by 
applying BLASTn and bowtie2. 
Results 
The M. wolfeii SIV6 genome has a size of 1,686,891 bases, featuring a GC content of 48,89%. In total, 1786 
genes were predicted and annotated including genes for the hydrogenotrophic methanogenesis pathway. 
Comparative analyses based on three reference strains revealed a core genome of 1406 coding sequences and 
15 strain specific genes for SIV6, which include CRISPR/cas associated genes. Fragment recruitment of 
metagenome reads from the thermophilic source biogas plant of SIV6 showed that the strain is abundant within 
the indigenous microbial community and the metatranscriptome mapping revealed highly transcribed genes, 
which belong to an operon encoding the different subunits of methyl coenzyme M reductase (EC: 2.8.4.1). This 
enzyme catalyzes the final and rate-limiting step during methane biosynthesis. 
Conclusion 
Analysis of the archaeal isolate M. wolfeii SIV6 contributes to the understanding of the role and function of 
methanogenic Archaea within microbial communities of thermophilic biogas plants.  

Infectiongenomics & Host Microbe Interplay 
 
P 63 
Influence of the polarization state of epithelial cells on the internalization behavior of Staphylococcus 
aureus 
L. M. Palma Medina1,2, P. Hildebrandt1, S. Michalik1, M. Gesell Salazar1, H. Pförtner1, J. M. van Dijl2, U. Völker1 
1University Medicine Greifswald, Functional Genomics, Greifswald, DE 
2University of Groningen, Medical Microbiology, Groningen, NL 

In order to study the pathogenesis of Staphylococcus aureus, in vitro set-ups of infection that resemble the in vivo 
situation have been developed in recent years. However, it has been acknowledged that the frequently used 
submerged cultures are not suitable for developing the polarized membranes of epithelial cells. To allow the 
polarization of membranes, immersed conditions for culturing are needed. Both set-ups offer different advantages 
for the study of infections, but the implications of using either of them have not been researched in depth. 
Therefore, we measured the changes in the S. aureus proteome after internalization by polarized cells. The semi-
stratified membrane of 16HBE14o-, a human lung epithelial cell line, was cultured for three or eleven days to form 
non-polarized and polarized membranes, respectively. After development of the membranes, internalization 
experiments were carried out and progression of the infection was followed by counting of both populations. 
Samples of host and internalized S. aureus cells were collected for proteomics analyses during the first 6.5 h post 
infection (p.i.).  
The results show that different polarization states of the membranes influence the outcome of the infection. The 
non-polarized cell membrane allowed a higher rate of internalization that led to a general disruption of the 
epithelial cells. In contrast, the polarized host cells limited bacterial internalization and cells showed signs of 
overcoming the infection. Through Data Independent Acquisition, 1766 proteins of S. aureus were identified and 
the protein levels were compared by pairs at different polarization states. About 200 proteins showed differences 
at any time point, and half of them were detected at 2.5 h p.i. Changes in protein levels were related to DNA 
metabolism, protein biosynthesis, and energy metabolism. In conclusion, this analysis reveals that changes in the 
bacterial proteome take place from early stages of infection and influence its outcome. Our findings are important 
because they mirror the situation encountered in staphylococcal infection settings where the epithelial barrier is 
broken.  

P 64 – Abstract has been withdrawn 
 
P 65 
Role of genomics in revealing antibiotic resistance patterns of the isolated Enterobacter sp. 
S. Kumar1, A. P. Das1 
1Tripura University, Department of Chemical and Polymer Engineering, Agartala, IN 

Question 
The introduction of antibiotics played a major role in safeguarding millions of humans’ lives over the last decade. 
However, the overuse of the antibiotics led to the emergence of multidrug resistant microorganisms. Now, most of 
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the pathogens have smartly developed resistance mechanisms against most commonly used antibiotics. This 
made the present therapeutic strategies not enough effective to eradicate the causative pathogen completely. 
Novel methodologies have to be developed to counteract the resistance mechanisms of pathogens. 
Methods 
The present study aims to reveal the multidrug resistance pattern of an uropathogen, Enterobacter sp. Urine 
samples were collected from urinary tract infection (UTI) patients. Eight bacteria were isolated. Biochemical 
characterization, DNA isolation, 16S rRNA sequencing and molecular identification were carried out for all the 
bacteria. All the isolated bacteria were tested for resistance against various antibiotic groups such as penicillins, 
beta lactams, cephems, carbapenems, aminoglycosides, tetracyclines, fluoroquinolones, quinolones, phenicols, 
nitrofurans, macrolides, ansamycins and sulphonamides on MH agar by Kirby Bauer’s method according to CLSI 
guidelines. To investigate the role of extended spectrum beta lactamase and biofilm in conferring resistance, 
ESBL production assay and biofilm formation assay were conducted. 
Results 
The bacteria were identified by 16S rRNA sequencing followed by deposition of sequences in NCBI and 
comparing with closely matched sequences as Proteus sp., Pseudomonas sp., Proteus sp. Enterobacter sp. and 
Escherichia sp. Among all the bacteria, Enterobacter sp. was found to be most resistant. It has been already 
reported to be a most potent uropathogen by several previous studies. It was found to be resistant to all antibiotic 
groups except sulphonamides. Both the ESBL and biofilm production assays gave negative results. 
Conclusions 
The cause of such high antibiotic resistance has not yet identified. Omics studies would enable to pinpoint the 
genes contributing to multidrug resistance pattern of the bacteria. Whole genome sequencing of the strain is 
being carried out. DNA library has been prepared and library validation has been carried out. Further genomic 
investigation of the bacteria would reveal the genes and mutations involved in increased antibiotic resistance. 

P 66 
Comparative genome analysis of three Clostridioides difficile strains involved in a multiple and 
isochronal infection of a single patient 
E. Brzuszkiewicz1, U. Groß2, T. Riedel3, B. Bunk3, C. Spröer3, A. Poehlein1, C. Chibani1, J. Overmann3,4, O. 
Zimmermann2, R. Daniel1, H. Liesegang1 
1Georg-August University Göttingen, Institute of Microbiology and Genetics, Department of Genomic and Applied 
Microbiology, Göttingen, DE 
2University Medical Center Göttingen, Institute for Medical Microbiology, Göttingen, DE 
3LeibnizInstitute DSMZ-German Collection of Microorganisms and Cell Cultures, Braunschweig, DE 
4German Center for Infection Research (DZIF), Partner Site , Hannover-Braunschweig, DE 

Clostridioides difficile infections (CDI) have emerged over the past decade causing symptoms that range from 
mild, antibiotic-associated diarrhea (AAD) to life-threatening toxic megacolon. In this study, we describe a multiple 
and isochronal (mixed) CDI caused by the isolates DSM 27638, DSM 27639 and DSM 27640 that already initially 
showed different morphotypes on solid media. The three isolates belonging to the ribotypes (RT) 012 and 027 
were phenotypically characterized and high quality closed genome sequences were generated. The genomes 
were compared with seven reference strains including three strains of the RT 027, two of the RT 017, and one of 
the RT 078 as well as a multi-resistant RT 012 strain. The analysis of horizontal gene transfer (HGT) events 
revealed gene acquisition incidents that schedule the strains within the spread of their RTs within Germany. 
We could show as well that horizontal gene transfer between the members of different RTs occurred within this 
multiple infection. In addition, acquisition and exchange of virulence-related features including antibiotic 
resistance genes were observed. Analysis of the two genomes assigned to RT 027 revealed three single 
nucleotide polymorphisms (SNPs) as well as seven SNPs accumulated in the flagellar switch region of the fli 
operon. 

P 67 
AureoWiki - the repository of the Staphylococcus aureus research and annotation community 
H. Mehlan1, J. Bernhardt2, J. Pané-Farré2, S. Fuchs3, S. Michalik1, K. Surmann1, S. Weiß1, L. Backert4, A. 
Hennig4, A. Herbig4, K. Nieselt4, M. Hecker2, K. Riedel2, U. Völker1, U. Mäder1 
1University Medicine Greifswald, Department of Functional Genomics, Greifswald, DE 
2University of Greifswald, Institute for Microbiology, Greifswald, DE 
3Robert-Koch-Institut, Wernigerode, DE 
4Eberhard-Karls-University Tübingen, Center for Bioinformatics, Tübingen, DE 
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Introduction: The major human pathogen Staphylococcus aureus belongs to the organisms for which the largest 
number of sequenced genomes are available. Integration of genomic data with existing knowledge and 
experimental data, in particular from functional genomics studies, is required for thorough functional annotation. 
Wiki-based repositories allow for a community effort to compile data and information. 
Objectives: The AureoWiki database was developed with the aim to make the huge amount of information on S. 
aureus easily accessible to the scientific community and to provide better functional annotation for this organism. 
In this context, a major task was to link the orthologous genes of different S. aureus strains by a common 
identifier. 
Results: AureoWiki (http://aureowiki.med.uni-greifswald.de) provides detailed information on the genes and 
proteins of clinically and experimentally relevant strains, currently covering S. aureus COL, N315, NCTC 8325, 
USA300, and Newman. All data related to a given gene/ gene product is compiled on a strain-specific gene page. 
The gene pages contain genome-based information complemented by, e. g., functional, regulatory, and gene 
expression data. The data is provided together with links to the external sources (databases and published 
literature). Importantly, orthologous genes of the different S. aureus strains are presented side by side using 
strain-specific tabs. Orthologous genes are linked by a pan-genome gene identifier and unified gene names 
which are in line with the scientific literature. The pan-genome gene pages contain the multiple alignment 
coordinates of 32 S. aureus strains, the gene occurrence frequency, a multiple-strain genome viewer as well as 
other comparative information. The data collected in the AureoWiki is also accessible through various download 
options in order to support bioinformatics applications. For each gene, graphical representations of condition-
dependent mRNA levels and protein induction profiles are shown. These are based on two large-scale gene 
expression data sets [1, 2] for which online resources for detailed data mining are publically available and directly 
accessible from the AureoWiki. 
[1] S. Fuchs et al.; PLOS One 2013; 8(8):e70669. 
[2] U. Mäder et al.; PLOS Genet. 2016; 12(4):e1005962. 

P 68 
Pangenome analysis of indigenous multidrug resistant Staphylococcus aureus to identify potential novel 
therapeutics targets  
A. Ali1 
1National University of Sciences and Technology, Atta-ur-Rahman School of Applied Biosciences, Islamabad, PK 

Staphylococcus aureus is an important hospital- and community-acquired pathogen, associated with a wide 
range of infections leading to a very high rate of mortality. It is very difficult to control MRSA infections as the 
pathogen has the ability to degrade the antibiotics and the acquired resistance mechanism, over time. Moreover, 
there are no available specific genomic data reported for Pakistani population. We hypothesize that other than the 
known virulence factors and pathways there are added resistance patterns and pathways which might be 
acquired by local S. aureus strains through a combination of mutation, recombination and horizontal gene 
transfer. We focuses on answering some of the basic but fascinating questions regarding MRSA such as; 1) what 
factors are involved in different level of pathogenicity in various strains of MRSA 2) what are the other factors 
which make the MRSA resistant to new generation antibiotics 3) is vaccine a feasible option for prevention of 
MRSA 4) and what approach should be applied to develop an effective global vaccine 5) what could be potential 
targets for therapeutic interventions to control and prevent future MRSA infection in Pakistan. We are interested 
in whole genome sequencing of indigenous multiple isolates, assembly and functional annotation. Pangenome 
and comparative analyses will be performed and along with the non-indigenous S. aureus genomes from around 
the globe. These analyses will give insights into the genome dynamics and variability in Pakistani isolates. A 
better understanding of evolution of conserved core, dispensable and strain-specific gene families, the 
mechanism of pathogenicity. Furthermore, mathematical and computational model to explore the level of 
virulence and resistance. Based on these predictions and observations, we will be able to propose new 
therapeutic targets and interventions such as identification and proposing novel and effective vaccines and 
antimicrobial drugs against our local pathogens. 

Microbial Evolution, Population Genomics & Epidemiology 
 
P 69 
Using whole genome sequencing to provide insight in the epidemiology of resistance and virulence 
genes in Listeria monocytogenes 
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K. Vranckx1, L. Hauben1, K. De Bruyne1, H. Pouseele1 
1Applied Maths NV, Sales & Support, Sint-Martens-Latem, BE 

Question: 
Listeria monocytogenes is a ubiquitous organism in the environment and a rare cause of human disease. 
Although its incidence is at least 100 times lower than those of other foodborne pathogens, such as 
Campylobacter or Salmonella, listeriosis is characterized by a high case-fatality rate which can exceed 30% 
percent in outbreak situations. Currently, every isolate in a food or clinical setting is considered problematic even 
though some isolates are more likely to persist in a food environment and/or cause human disease. Many 
virulence and resistance genes have been linked to these features, but no large scale investigation has been 
done on the presence of these factors in isolates from different environments. Therefore, our knowledge on the 
frequency and importance of known virulence and resistance genes in L. monocytogenes is limited. 
As more and more whole genome sequence data becomes available from surveillance, this data can be used to 
make an extensive study on the epidemiology of known resistance and virulence genes. 
Methods: 
Publically available sequence read sets of over 10.000 L. monocytogenes isolates were assembled on the 
BioNumerics Calculation Engine using SPAdes. A reference database was created with all known virulence and 
resistance genes, as well as genes determining serovars. This database was used to screen all assembled 
genomes for the presence of these genes, and to predict the serovar. 
Results: 
The BioNumerics® 7.6 software and its Calculation Engine offer a powerful platform on which WGS analysis can 
be performed and validated against traditional typing data, as well as phenotypic data. The genotyping tool 
provides the possibility to extract virulence- and antibiotic-related genomic signatures from WGS data. 
Conclusions: 
The virulence genes and resistance genes could be easily extracted and compared to the available metadata, 
providing insight in the presence and distribution of these genes within all publicly available NGS data. 

P 70 
Contribution of increased mutagenesis to the evolution of pollutants-degrading indigenous bacteria 
T. Ilmjärv1, E. Naanuri1, M. Kivisaar1 
1University of Tartu, Genetics, Tartu, EE 

Introduction 
Environmental contamination with various organic xenobiotic compounds is a widespread problem throughout the 
world. Fortunately bacteria can rapidly evolve mechanisms allowing them to use different pollutants as a carbon 
source, although many of these compounds can be toxic and potentially mutagenic. 
Objectives 
The aim of this study is to examine whether the survival and evolution of organic pollutants degrading indigenous 
bacteria could be connected with increased mutation frequency. 
Materials & Methods 
The presence of constitutive and transient mutators was monitored among 53 pollutants-degrading bacterial 
strains. In addition, two previously sequenced Pseudomonas fluorescens strains PC20 and PC24 were inspected 
for the presence of error-prone DNA polymerases and their potential role in the evolution of catabolic pathways. 
Results 
Obtained results show that only two strains expressed a moderate mutator phenotype and ten were 
hypomutators, which implies that constitutively increased mutability has not been prevalent in the evolution of 
pollutants degrading bacteria. At the same time, a large proportion of the studied strains exhibited UV-induced 
mutagenesis, indicating that these strains possess error-prone DNA polymerases which could elevate mutation 
frequency under the conditions of DNA damage. A closer inspection of strains PC20 and PC24 revealed that they 
harbour genes for ImuC (DnaE2) and more than one copy of genes for Pol V polymerase. Our results also 
revealed that availability of other nutrients in addition to aromatic pollutants in the growth environment affects 
mutagenic effects of aromatic compounds. 
Conclusion 
The bacterial isolates characterized in the current study did not display a strong constitutive mutator phenotype, 
although a large proportion of the investigated strains exhibited a potential for induced mutagenesis under DNA 
damaging conditions. However, it is possible that compared to the laboratory-constructed strains these 
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indigenous bacteria have already evolved an efficient mechanism for degradation of these aromatic compounds 
without increasing mutation frequency. Further elucidation of mechanisms of stress response in these indigenous 
strains would be useful to understand efficient bioremediation processes. 

P 71 
Genotypic and phenotypic characterization of recent Czech clinical isolates of Bordetella pertussis 
A. Dienstbier1, D. Stipl1, J. Zavadilova2, K. Fabianova2, J. Drzmisek1, J. Capek1, B. Vecerek1 
1Institute of Microbiology v.v.i., Prague, CZ 
2National Institute of Public Health, Prague, CZ 

Introduction: Bordetella pertussis is the causative agent of human whooping cough (pertussis), a highly 
contagious respiratory disease. Despite high vaccination coverage, pertussis is on the rise in developed countries 
including Czech Republic. Recent increase in pertussis cases is attributed to short-lived immunity induced by 
acellular vaccines and escape from the immunity due to pathogen adaptation. 
Objectives: The main goal of this research was to achieve a better understanding of B. pertussis resurgence and 
evolution by studying genome alterations and resulting changes in virulence factor production in currently 
circulating Czech clinical isolates of B. pertussis. 
Materials & Methods: The whole-genome sequencing was performed using PacBio RSII platform. Production of 
virulence factors was determined by Western blot technique. Resistance to antimicrobial activity of the 
complement was evaluated by serum-killing assay. 
Results: Comparison of the de novo assembled genomes of clinical isolates with the genome of reference strain 
of B. pertussis Tohama I revealed large genome re-arrangements. In contrast to significant number of strains 
currently circulating in several countries, all Czech isolates produced pertactin, one of the components of 
presently used vaccines. All strains produced key virulence factors adenylate cyclase toxin and filamentous 
hemagglutinin, however, at different levels. Furthermore, serum killing assay showed significant differences 
between several clinical isolates and reference Tohama I strain. 
Conclusion: Our research showed that B. pertussis strains currently circulating in Czech Republic evolve by 
large-scale genome re-arrangements. Strains display variation in virulence factor production and resistance to 
complement-mediated killing, however, underlying cause is still to be investigated. 

P 72 
Comparative genomics of Bacillus thuringiensis biovar tenebrionis and its inducible phages  
J. Hollensteiner1, C. M. Chibani1, A. Poehlein1, C. Spröer2, M. Hoppert3, J. Kurtz4, R. Daniel1, H. Liesegang1 
1Institute of Microbiology and Genetics/Georg-August University, Dep. of Genomic and Applied Microbiology, Göttingen, DE 
2DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, DE 
3Institue of Microbiology and Genetics, Dept. of General Microbiology, Göttingen, DE 
4Institut für Evolution und Biodiversität/Westfälische Wilhelms-Universität Münster, Münster, DE 

The species Bacillus thuringiensis (Bt) contains invertebrate pathogens targeting different hosts including insects 
using a variety of different toxins (cry, cyt, vip and sip). Due to the ability to inhabit a broad range of different 
hosts and other environmental niches Bt needs to evolve fast under selective pressures. Analysis of the B. 
thuringiensis biovar tenebrionis (Btt) genome with a specific focus on the mobilome including bacteriophages, 
transposases, and IS-elements will help to investigate genomic mechanisms essential for niche and host 
adaptation. 
Here we present the reference genome sequence, the phylogeny as well as an in depth analysis of the mobilome 
consisting of plasmids and prophages of Btt. 
The genome was sequenced using short read as well long read technology. The phylogeny was determined 
using MLST as well as PyANI. Comparative genomics have been performed and the Pan/Core genome was 
determined. The whole genome was screened for pathogenicity factors, fitness factors and for mobile elements 
including: bacteriophages, transposases and, insertion elements. Phage induction experiments were performed 
using Mitomycin C. Resulting phage particles were harvested and visualized with TEM. Phage DNA was isolated, 
sequenced and reads mapped to the Btt reference genome. Active phages were morphologically and genomically 
characterized. 
The Btt genome consists of a 6.3 Mbp genome comprising a highly conserved ~5.6 Mbp circular chromosome 
and 6 extra-chromosomal strains specific elements. Pan/Core genome analysis revealed that prophages and 
extra-chromosomal elements encode most of the strain specific genes including virulence factors as Cry3. Nine 
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potential prophage regions were identified in the chromosome and four on different extra-chromosomal elements, 
all varying in size from 12 to 73 kb. Induction and TEM experiments revealed an active Siphoviridae-like phage 
that contained DNA that maps to a 35 kb region assigned as Btt_P1 within the chromosome. The Btt_P1 locus 
exhibits a similarity to phBC6A52 a known dsDNA virus, belonging to the order of Caudovirales subgrouped to 
the family of Podovidiae. 
Our results show that phages are well represented in the fast adaptive Bt species group supporting their 
underestimation and importance in strain adaptation and pathogen evolution. 

P 73 
Assessment of different bioinformatics approaches to analyse the population structure of Enterococcus 
faecium from a clinical setting 
B. Neumann1, J. Bender1, S. Fuchs1, T. Semmler2, L. H. Wieler3, G. Werner1 
1Robert Koch Institute, FG13 Division of Nosocomial Pathogens and Antibiotic Resistances, Wernigerode, DE 
2Robert Koch Institute, NG1 Microbial Genomics, Berlin, DE 
3Robert Koch Institute, Berlin, DE 

Question: Vancomycin- resistant E. faecium (VRE) represent an enormous burden for hospitals worldwide and 
control and prevention of resistant bacteria often requires thorough and comprehensive practices. In order to 
understand the emergence and to prevent the further spread of multi-drug resistant VRE, it is important to monitor 
the prevalence and transmission of certain strain types in clinical settings. Interpretation of whole genome 
sequencing (WGS) -derived data represents one strategy for determination of strain prevalence and transmission 
events. Preceding interpretation of the results, it is crucial to first evaluate different bioinformatics approaches in 
order to generate robust and reliable data. 
Methods: A strain collection of 111 VRE, resulting from an intestinal colonization screening programme of a 
German department treating bone marrow and stem cell recipients, was subjected to next generation sequencing 
using Illumina® technology. Subsequent analyses included determination of phylogenetic relations by comparing 
different bioinformatics approaches for tree calculation: I) BWA-based mapping approach and SNP calling, II) 
cgMLST data obtained by the Ridom SeqSphere+ software, III) maximum common genome analysis and IV) a k-
mer based approach. 
Results: 14 different sequence types (ST) could be assigned to distinct clusters in the phylogenetic trees. 
Further, WGS enabled sub-differentiation which resulted in 27 discrete core genome cluster types. Comparing 
different bioinformatics approaches, the aforementioned population structure was revealed by all the four 
methods tested. Nevertheless, different methods for tree calculation yielded quite variable phylogenetic 
resolution, with the k-mer approach being less congruent with SNP- or core genome-based strategies. 
Conclusions: Investigation of population dynamics by whole genome sequencing and utilizing different 
bioinformatics approaches yielded concordant results in high resolution and are thus suitable to monitor the 
emergence and spread of VRE in clinical settings. A comparison of different bioinformatics approaches revealed 
a high concordance between SNP-based and cgMLST analyses. Based on the analyses depicted for the genus 
E. faecium, results generated with the k-mer approach should be interpreted with care. 

P 74 
Integrative "omics" approaches elucidate the evolutionary strategies for sympatric speciation and co-
occurrence of extreme acidophile 
C. González1,2, P. Tapia3, J. Valdés3, D. S. Holmes1,2 
1Fundación Ciencia y Vida, Center for Bioinformatics and Genome Biology, Santiago, CL 
2Universidad Andrés Bello, Facultad de Ciencias, Santiago, CL 
3Universidad Mayor, Centro de Genómica y Bioinformática, Facultad de Ciencias, Santiago, CL 

Extreme acidophiles thrive at < pH 3 in environments rich in concentrated sulfuric acid and unusually high levels 
of dissolved toxic heavy metals. They are polyextremophilic chemolithoautotrophs, fixing CO2 from the 
atmosphere and using hydrogen, sulfur, and iron as energy sources. Many have been shown to co-occur in 
naturally acidic conditions such as surface, deep subsurface and hot-springs environments, and in industrial 
bioleaching heaps, where they contribute to metal recovery (bioleaching) and recycling of metals and nutrients. 
Integrative "omics" approaches, including comparative genomic analyses of >170 genome sequences of extreme 
acidophiles shed light on functional diversification, providing insight into the evolutionary forces that have shaped 
their genomic structure, linking organismal physiology to biogeochemical processes. 
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Strikingly, phylogenomic scrutiny suggests that, with a few notable exceptions, acidophiles evolved from ancestral 
neutrophiles. We propose a "pH-ladder" hypothesis whereby neutrophiles can gain the ability to grow down to 
about pH 4 in a step-by-step process that mainly involves mutations of pre-existing genes. However, in order to 
grow in environments below pH 4, horizontal gene transfer of specific genes and gene cassettes is hypothesized 
to be the main driving force of adaptive evolution. 
A number of evolutionary strategies including gene gains, losses and redundancy, appear as driving forces in 
both the sympatric speciation and the facilitation of mutual coexistence by exploiting complementary use of 
scarce resources consistent with ideas proposed in the Black Queen hypothesis. A large pool of accessory genes 
(the microbial super-genome) with functional redundancy provides the opportunity to "hedge bet" in rapidly 
changing acidic environments such as bioleaching heaps, where the cost to maintain genetic redundancy is offset 
by the ability to rapidly adjust to environmental fluxes. 
Acknowledgements: Fondecyt 1130683, Basal CCTE PFB16 and FIDUM OI 101002. 
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Network-based identification of causal mechanisms underlying experimentally evolved populations 
B. Weytjens1, D. De Maeyer1, K. Marchal1 
1UGent, Dept. of Plant Biotechnology and Bioinformatics, Gent-Zwijnaarde, BE 

Question 
In order to understand how ecology and genomics/transcriptomics are related to each other in populations which 
have recently (been) evolved, for example in an evolution experiment, one approach is to relate the 
genomics/transcriptomics data in order to search for the causal factors underlying the evolved phenotypes. This 
is not a trivial task as separating the biologically relevant signals from the noise in these data sets, which are 
typically very large, is cumbersome. Even when data from multiple parallel evolved populations is available, it is 
often not clear which mutations/transcriptional changes are causal to the evolved phenotype as the exact same 
genes may not be involved in every repeat but rather similar molecular pathways play a role. 
Methods 
To cope with these problems, we devised an algorithm, PheNetic, which searches for these molecular pathways 
by combining both genomics and interactomics data using the interactome of the organism under research 
(Figure 1). Based on the strength of the associations between mutated genes and the interactomics profile, 
PheNetic is also able to prioritize individual mutated gene so it is possible to stratify mutated genes when trying to 
validate them in the wet-lab. 
Results 
Using PheNetic, we uncovered a plausible additional mechanism to explain the cross-feeding phenotype in the 
Ara-2 population of Richard Lenski’s long term evolution experiment at 6500 generations. Furthermore, we were 
also able to infer resistance mechanisms for the antibiotic Amikacin in an evolution experiment with four 
replicated E. coli populations. 
Conclusions 
We have shown that PheNetic can automatically infer relevant biological pathways and rank interesting driver 
mutations in experimentally evolved populations. So far, we have only analyzed populations of which its 
constituents originated from a homogeneous ancestral population. Future endeavors will aim at modeling the 
environment and interspecies interactions to cope with metaOmics datasets. 

Figure 1 
 



Poster Presentations 
 

 
7th European Conference on Prokaryotic and Fungal Genomics (ProkaGENOMICS) 74 

 
P 76 
An automated pipeline for detection and characterization of recombination patterns in bacteria 
A. K. Lankapalli1, A. Herbig1 
1Max Planck Institute for the Science of Human History, Archaeogenetics, Jena, DE 

Introduction 
Recombination in bacteria is a process of uptake and integration of foreign DNA in bacterial genomes by 
mechanisms of transformation, transduction and conjugation. Homologous or non-homologous DNA transferred 
engenders varying adaptive capabilities driving evolution. Detection of such potential recombination events in 
bacterial species that are otherwise clonally evolving is one of challenges of comparative genomic analysis. 
Objective 
Here we present a pipeline to detect potential recombination in bacterial genomes using Treponema pallidum as 
an example. Different subspecies of Treponema pallidum like pallidum, pertenue and endemicum cause venereal 
Syphilis, non-venereal Yaws and Bejel respectively. Literature review shows evidence for recombination between 
venereal and non-venereal forms. Phylogenetic reconstruction based on Parsimony, Likelihood and Bayesian 
approaches detected different topologies. 
Methods 
A Maximum Likelihood tree backbone was generated using RAxML for representatives of venereal strains 
(Nichols, SS14) and non-venereal strains (Fribourg, BosniaA). Five model trees were re-constructed on this 
backbone tree with the chosen target strain (Sea81) in all possible positions. Stretches of gene regions were 
extracted from the genome alignment of Sea81 with the representative strains and a Maximum Likelihood tree 
was generated and statistically compared with the five model trees using TREE-PUZZLE. By this we determine 
regions that contradict specific tree topologies as a result of potential recombination. 
Results 
Although Sea81 is part of the Nichols clade we detect a number of regions that reject this placement and share 
polymorphic sites with the non-venereal strains, which is indicative of recombination or convergent evolution. 
Using ClonalFrameML we compared homoplastic positions and predicted recombinant regions with our candidate 
list. 
Conclusion 
Our automated pipeline can detect candidates for recombination events and resolve branching patterns by testing 
various tree models. It can thereby aid in understanding patterns of bacterial genome evolution. 
  



Poster Presentations 
 

 
7th European Conference on Prokaryotic and Fungal Genomics (ProkaGENOMICS) 75 

P 77 
Double strand break repair triggers genome plasticity in Streptomyces 
A. Thibessard1,2, G. Hoff1,2, C. Bertrand1,2, E. Piotrowski1,2, P. Leblond1,2 
1Lorraine University, Faculté des Sciences et Technologies, Vandoeuvre-les-Nancy, FR 
2INRA, Vandoeuvre-les-Nancy, FR 

Introduction: Double strand breaks (DSB) are the most detrimental damage that bacteria have to cope with. Two 
main DSB repair pathways, namely homologous recombination (HR) and non-homologous end joining (NHEJ) 
are in charge with DSB repair. HR relies on an intact copy of the damaged DNA molecule as a template. NHEJ, 
for its part, which is present in only 20% to 25% of the bacteria, is considered as a mutagenic pathway. Hence, in 
the absence of template, NHEJ is an error-prone mechanism triggering nucleotide addition or deletion at DSB 
healing site. 
Objectives: Although the high plasticity of the Streptomyces linear chromosome was reported until the first 
genetic studies, the relative contribution of HR [1] and NHEJ [2] to the stability and evolution of the chromosome 
of Streptomyces remains unknown. 
Material and methods: DSBs were induced by heterologous expression of the meganuclease I-SceI targeting I-
SceI sites inserted into different chromosomal locations and in different genetic backgrounds. 
Results: DSB repair in the chromosomal arms is accompanied by the formation of large deletions. In contrast, 
DSB healing in the central region is associated to mutagenic repair without major rearrangement. This mutagenic 
repair is resulting from NHEJ as shown by DSB repair surveys in mutants deficient for putative NHEJ actors (Ku, 
ligases). Homologous recombination was shown to occur between duplicated loci distributed along the 
chromosome, leading to chromosomal arm replacement and intense DNA amplification. NHEJ repair induced 
chromosomal circularization and the formation of large deletions. Further, the involvement of NHEJ was 
concomitant with the integration of genetic material at the healing site. 
Conclusion: These data support that DSB repair is driving genome plasticity in Streptomyces and that NHEJ 
may favor insertion of information from horizontal transfer. These recombination processes could confer the 
capacity to evolve in response to environmental adversity. 
References 
[1] Hoff et al. Res Microbiol. 2017 Jan;168(1):26-35.  
[2] Hoff et al. Front Microbiol. 2016 Nov 28;7:1901. 

 
P 78 
Genome-wide association studies for predicting complex antibiotic resistance from Staphylococcus 
aureus NGS data 
R. Weber1, S. Fuchs1, F. Layer1, G. Werner1, B. Strommenger1 
1Robert Koch Institute, Infectious Diseases, Wernigerode, DE 

Question: 
Genome-wide association studies (GWAS) are a relatively new way for investigating the genetic background of 
antibiotic resistance phenotypes in bacteria. Some recently published studies using GWAS were able to link 
elevated minimal inhibitory concentrations (MICs) for several antibiotics to the presence of particular SNPs. 
However, complex resistance mechanisms – like those for daptomycin (DAP) – have been excluded from these 
studies so far. For S. aureus the molecular mechanism of resistance towards DAP is not completely understood. 
Therefore, we initiated a GWAS using NGS data from a total of 99 S. aureus isolates to identify SNPs putatively 
associated with DAP resistance (DAP-R). 
Methods: 
52 DAP-resistant and 47 DAP-susceptible isolates were phenotypically characterized and selected according to 
their clonal background, isolation date and geographical region. Association testing was performed via PLINK and 
SEER analysis. To account for population stratification in PLINK analysis, subpopulations within the overall 
population were identified with hierBAPS and covariates were used in association testing with the Cochran-
Mantel-Haenszel test. To identify rare SNPs we applied Mesquite tool. 
Results: 
Using GWAS we were able to identify SNPs significantly associated with DAP-R. Those SNPs were 
predominantly located in the multipeptide resistance factor gene (mprF). As some isolates lacked mutations 
significantly associated with DAP-R, we manually searched for rare SNPs below genome-wide significance levels 
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within candidate genes expected to promote DAP-R. We could show that each DAP-R isolate carries at least one 
substitution within MprF protein. Interestingly, mutations within DNA-dependent RNA polymerase beta and the 
two-component signal transduction system YycFG could be identified in isolates showing cross-resistance 
towards vancomycin.  
Conclusions: 
We confirmed the potential of GWAS to identify resistance-associated SNPs. However, as GWAS are not 
designed for the detection of rare SNPs, additional approaches should be applied to detect variants below 
genome-wide significance levels. Future work will focus on the characterization of substitution mutants and 
additional GWAS to detect SNPs associated with Ceftarolin resistance.  

P 79 
The whole genome sequences of lactic acid bacteria isolated from traditional Slovak cheese bryndza 
H. Drahovska1, A. Lichvarikova1, M. Kajsik1, M. Hyblova1, T. Kuchta2 
1Comenius University, Molecular Biology, , Bratislava, SK 
2Food Research Institute, Bratislava, SK 

Slovakian bryndza is a traditional raw ewes milk-based cheese, widely produced in Slovakia and recognized in 
the European Union by Protected Geographic Indication status. The distinctive flavour of bryndza cheese is 
apparently composed from compounds contained in ewes milk and from the products of fermentation of the 
substrate by microflora. The main bacterial components of the cheese are strains belonging to Lactobacillus spp., 
Lactococcus spp., Streptococcus spp., and Enterococcus spp. The main function of LAB is rapid acidification of 
food matrix by production of lactic acid. The low pH inhibits the growth of competitive microbes including 
pathogens as well as spoilage bacteria. LAB also hydrolyse milk protein leading to formation of metabolites that 
contribute to the bryndza flavour. 
The aim of the present study was to analyze genome sequence of twenty lactic acid bacteria with the objection to 
select new starter cultures. The strains belonged to Lactobacillus brevis, L. casei, L. fermentum, L. paracasei, L. 
plantarum, L. paraplantarum, Lactococcus lactis, Leuconostoc mesenteroides, L. pseudomesenteroides and 
Enterococcus durans were isolated from bryndza cheese or from raw milk. DNA was sequenced by Illumina 
platform, assembled in CLC and annotated by Rast. Gene content was compared with the reference strains 
present in DNA databases. The genes responsible for aroma production (especially proteases and lipases) and 
for unfavourable traces (toxins, antibiotics resistance and off-odour) were detected in strains. The obtained 
results enable to select lactic acid bacteria suitable as a starter cultures for production of Slovak cheese bryndza 
from pasteurised milk which would positively influence the flavour and the texture of the product. 
The study was supported by the project APVV-14-0025. 

P 80 
SNP polymorphism in the genomes of the CC320 isolates of Streptococcus pneumoniae resistant to beta-
lactam antibiotics 
I. Tsvetkova1, M. Volkova1, O. Kalinogorskaya1, S. Belanov1, V. Gostev1, S. Sidorenko1 
1Federal State-Financed Institution Pediatric Research and Clinical Center for Infectious Diseases under the Federal Medical 
Biol, Medical microbiology and molecular epidemiology, Saint-Petersburg, RU 

Introduction 
Certain genetic lineages of pneumococci may be associated with specific serotypes, multi-drug resistance and 
different invasive disease potential. 
Objectives 
Our goal was directed to studying the mechanism of resistance development in S. pneumoniae CC320 isolates. 
Materials & Methods 
Isolation, identification of S. pneumoniae: S. pneumoniae CC320 strains (n=15) had been isolated from the 
carriers and patients with invasive pneumococcal diseases in period from 2011 to 2016. Whole-genome 
sequencing: S. pneumoniae CC320 strains (n=15) were sequenced using MiSeq (Illumina). Open data sources: 
Whole genome sequencing data of S. pneumoniae CC320 (n=75) and complete genome of S. pneumoniae 
Taiwan19F strain were obtained from the GenBank and European Nucleotide Archive (Croucher N.J et al, 2013). 
De novo genome assembling and annotation: Draft genome analysis was performed and evaluated with 
FASTQC, Trimmomatic v.0.32, SPAdes v.3.5.0, SSPACES v.3.0, QUAST. Genomes annotations were performed 
with myRAST service. Phylogenetic and other analysis: Core-genome alignment and single nucleotide 
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polymorphism (SNP) assessment were performed with Harvest tools (Treangen TJ et al, 2014) and SAMtools (Li 
H, 2011). Population structure evaluation was performed with BAPS (Corander J et al, 2008). Machine learning 
approach based on a Random Forest Algorithm was used to predict particular features (penicillin resistance) 
(Liaw and Wiener, 2002, Lourenço et al, 2016). 
Results 
As a result, bioinformatic analysis genome-sequencing isolates of S. pneumoniae clonal complex CC320, 
circulating in the Russian Federation, as well as data on the CC320 isolates from public sources in penicillin-
resistant isolates were found 139 missense mutations in 45 genes. In addition to mutations in the genes of the 
basic penicillin-binding proteins (PBP1A, PBP2B and PBP2X) high frequency of mutations identified in genes that 
make up (division and cell wall) dcw-cluster, as well as in RegR protein that belongs to the regulators of 
transcription, belonging to the family of LacI / GalR. 
Conclusion 
Formation of resistance to beta-lactam antibiotics in S. pneumoniae determined not only by modifying the PSB, 
and adaptive changes in metabolic pathways involved in the growth of the bacterial cell division. 

P 81 
Variations in the genome structure of the mucoralean fungus Lichtheimia ramosa: Evolution caught in 
the act? 
V. Schwartze1,2, M. Groth3, M. Nowrousian4, J. Linde5, T. Veselská6, U. Binder7, I. D. Jacobsen5, O. Kniemeyer5, 
T. Gabaldón8,9, K. Voigt1,2 
1Friedrich-Schiller-University Jena, JMRC, Jena, DE 
2Leibniz Institute for Natural Product Research and Infection Biology - Hans Knoell Institute, JMRC, Jena, DE 
3Leibniz Institute on Aging – Fritz Lipmann Institute, Jena, DE 
4Ruhr University Bochum, Bochum, DE 
5Leibniz Institute for Natural Product Research and Infection Biology - Hans Knoell Institute, Jena, DE 
6Charles University, Prague, CZ 
7Medical University Innsbruck, Innsbruck, AT 
8Centre for Genomic Regulation, Barcelona, ES 
9Universitat Pompeu Fabra , Barcelona, ES 

Mucoralean fungi represent one of the most ancient terrestrial fungal groups. The majority of the species are soil-
inhabiting saprotrophic organisms but some are also able to cause life-threatening infections in humans, called 
mucormycosis. While mucormycoses are uncommon infections, they have been increasingly recognized in 
immunocompromised patients during the last decades. More than 80% of these infections are caused by 
members of the genera Rhizopus, Mucor and Lichtheimia. 
Besides their clinical importance, mucoralean fungi also represent an interesting model to study evolution of basal 
fungi. However, research on this fungal group is still limited and only little is known about their genome structure 
and the genome evolution. 
To get insights into these topics, the genomes of Lichtheimia species were sequenced and compared to other 
fully sequenced genomes of mucoralean and non-mucoralean fungi. All genomes were characterised by the 
presence of extensive gene duplications, which seems to be a universal feature of mucoralean genomes. The 
increased amount of duplicated genes is believed to be a result of a combination of an ancient whole genome 
duplication event in the early evolution of mucoralean fungi and additional lineage-specific gene duplications. 
However, the exact mechanisms are unknown since all current knowledge is based on the analyses of rather 
distantly related species. 
Our genome sequencing projects revealed that strains of Lichtheimia species are generally haploid with an 
average genome size between 30 – 35 Mb and are well conserved between isolates. In contrast to these results, 
we identified a single strain which shows a genome size of about 60 Mb and appears to possess a diploid 
genome. Results of the analysis of single-spore isolates indicate that the nuclei of the strain are not identical, 
resulting in strong phenotypic differences between the colonies which are associated with defects in central 
signalling pathways and virulence. 
The data of this study give first insights into the variability of the genome architecture and the early consequences 
of genome duplication in basal mucoralean fungi. In addition, the availability and analysis of isolates with reduced 
virulence will contribute to the understanding of virulence-associated traits in these human pathogens. 
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P 83 
The draft genome of Subtercola sp. strain DB165 reflects adaptations to the extreme environment of the 
Llullaillaco Lake 
î Villalobos1, J. Wiese1, H. Horn1, P. Aguilar2, C. Dorador2, U. Hentschel Humeida1, J. F. Imhoff1 
1GEOMAR Helmholtz Centre for Ocean Research Kiel, Marine Microbiology, Kiel, DE 
2Laboratorio de Complejidad Microbiana y Ecología Funcional, Universidad de Antofagasta, Antofagasta, CL 

Introduction 
The Subtercola genus comprises psychrophilic Actinobacteria that have been reported from cold environments 
including boreal groundwater and mountains, as well as the Antarctic and Arctic. Subtercola sp. DB165 was 
isolated from water samples of Llullaillaco volcano lake (6170 m asl). This environment is characterized as an 
oligotrophic, with low precipitation, high rates of evaporation, a strong day/night temperature, and strong UV 
incidence. Actinobacteria appear especially well adapted to survive under these conditions, representing the most 
abundant phylum in Llullaillaco. 
Objectives 
To understand the genomic traits that allow Actinobacteria to be successful in these extreme environmental 
conditions, the genome of the culturable representative Subtercola sp. DB165 was evaluated. 
Material & Methods 
A genomic DNA library for the Illumina platform was prepared; the quality of the sequences was checked and 
filtrated using Trimmomatic. The genome was assembled using SPAdes and annotated with the RAST platform. 
Results 
The draft genome sequence contained a total of 4 Mb, distributed in 127 large contigs with an average GC 
content of 65%, 3701 predicted genes. 2590 encoding genes had a putative function whereas 1111 were 
annotated as hypothetical proteins. We found an extensive battery of genes to cope with the harsh environmental 
conditions in Llullaillaco Lake. These include mechanisms involved in ROS defense such as production of 
carotenoids, glutaredoxins, superoxide dismutase, peroxidase, etc.; to protect the cell at low temperatures, 
Subtercola encodes 3 different antifreeze proteins, genes of biosynthetic pathway of betaine, glycine, trehalose, 
etc., and to make the membrane less fluent it might produce alkylresorcinol. 
Conclusion 
The findings indicate Subtercola sp. DB165 has several genes involved in adaptation to the cold environment and 
that they have the genomic potential to produce antioxidants, osmoprotectants, and cryoprotectants. The strain 
appears further capable to can accumulate polyhydroxybutyrate and polyphosphates that may permit them to 
survive starvation conditions. UV damage protection is carried by the UV repair system and by the ROS defense 
system, although melanin, and mycosporine-like amino acids could not be found. The genome of Subtercola sp. 
DB165 gives insight into the genomic potential for adaptation and survival strategies of the strain which might be 
indicative also of survival mechanisms employed by other Actinobacteria. 

P 84 
mecA sequencing and SCCmec typing in methicillin resistant staphylococci: a highly diversified element 
with new mutations in mecA 
F. DJOUDI1,2, D. BENREMILA1, C. BONURA2 
1University A/MIRA of Bejaja, Microbiology, Bejaia, DZ 
2University of Palermo, Hygiene, Palermo, IT 

BACKGROUND: Genetic mechanisms of methicillin resistance are still relevant in staphylococci.  
METHODS: The aim of this study is to assess the possible exchanges of staphylococcal cassette chromosome 
mec (SCCmec) between isolates of methicillin-resistant staphylococci (MRS) and to check for known or new 
mutations in mecA DNA.  
RESULTS: A total of 35 MRS non repetitive isolates were recovered, including 20 S. haemolyticus, 7 S. aureus, 4 
S. sciuri, 2 S. saprophyticus, and one isolate each of S. xylosus and S. lentus. Only 16 of the 35 strains were 
assigned to known SCCmec types: 7 SCCmec VII, 6 SCCmec IV and 3 SCCmec III, with possible horizontal 
transfer of the SCCmec VII from methicillin-resistant S. haemolyticus to methicillin-susceptible S. aureus. mecA 
genes sequencing in ten selected isolates allowed description of nine punctual mutations, seven reported for the 
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first time. The most frequent mutation was G246E, identified in isolates of methicillin-resistant S. aureus, S. sciuri, 
S. saprophyticus and S. lentus.  
CONCLUSION: These results emphasized the high degree of genetic diversity of SCCmec element in methicillin-
resistant staphylococci and describe new missense mutations in mecA, which might be important in 
understanding the evolution of methicillin and new β-lactams resistance. 

P 85 
Analysis of extrachromosomal replicons of several strains of Paracoccus spp. (Alphaproteobacteria) 
reveals main forces shaping multireplicon genomes in the genus 
J. Czarnecki1, P. Decewicz1, M. Szuplewska1, A. Pawłot1, R. Lasek1, E. Prochwicz1, M. Puzyna1, A. Brozio1, K. 
Kotecka1, P. Dymek1, Ů Dziewit1, D. Bartosik1 
1University of Warsaw, Department of Bacterial Genetics, Institute of Microbiology, Faculty of Biology, Warsaw, PL 

Introduction 
Genomes of many Alphaproteobacteria (including members of the genus Paracoccus) comprise numerous 
extrachromosomal replicons (ERs) of diverse properties and different evolutionary history. The ERs are divided 
into non-essential plasmids and essential chromids, which contain house-keeping genes of chromosomal origin 
and are necessary for the viability of their hosts. 
Objectives 
We aimed to identify and analyze replication systems (REPs) of all ERs occurring in 18 strains of Paracoccus 
spp. We examined phylogenetic relationships of the REPs and analyzed genetic content of individual replicons in 
terms of the presence of the core genes conserved in all Paracoccus spp. genomes, and adaptive genes 
important in the natural niches of the tested strains. We assumed to obtain valuable data on the content, 
properties, distribution and directions of horizontal transmission of ERs in the genus Paracoccus. 
Materials & Methods 
In silico sequence analyses (construction of phylogenetic trees, determination of the core genome) were 
performed using standard on-line available bioinformatic tools. Individual ERs were tested for essentiality using 
incompatibility with their own REPs cloned in a form of shuttle vectors. 
Results 
We characterized over 50 ERs in Paracoccus spp. Most of the strains carried two types of large ERs with some 
conserved features. The first type of the ERs contained dnaA-like REPs and some portion of core genome genes 
of chromosomal origin, which made it irremovable from host cells. The second type contained repB REPs, and its 
removal caused the slow-growth phenotype on rich media, indicating presence of non-essential genes important 
for the growth rate. Other ERs, including large ERs carrying repABC REPs and small ERs (<50 kb), did not show 
any conserved features. In most of the studied cases, they do not carry any essential genes and could be cured 
from Paracoccus cells without any phenotype observable in the tested conditions. 
Conclusions 
Most of the Paracoccus spp. carry two large chromids, with conserved REPs (dnaA-like and repB), which seem to 
have appeared early in the evolution of the genus and, during the long stay in Paracoccus cells, acquired some 
portion of chromosomal genes. Other types of ERs found in the studied bacteria are non-conserved plasmids 
adopted in recent events of HGT. 

Microbiome Host Interaction 
 
P 86 
WIsH: Who is the host? 
Statistical models for predicting prokaryotic hosts from metagenomic phage contigs 
C. Galiez1, M. Siebert1, F. Enault2, J. Vincent2, J. Soeding1 
1Max Planck Institute, Göttingen, DE 
2Université Clermont Auvergne, CNRS, Laboratoire Microorganismes: Génome et Environnement, Clermont-Ferrand, FR 

Viruses are central for understanding microbial ecology and dynamics. Even though phages (i.e. viruses infecting 
bacteria and archaea) represent the majority of the global virosphere, their comprehensive study has been 
hampered by the necessity of isolating and cultivating their host. Viral metagenomics circumvents this limitation, 
increasingly unveiling new viral genomic sequences from a wide range of environments. As a drawback, the 
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identity of the hosts remains unknown for these newly discovered viruses, limiting our ecological understanding of 
the microbiome. 
We present here a new tool, WisH, that predicts prokaryotic hosts of phages from their genomic sequence. It is 
suited to deal with metagenomics datasets, which are typically composed of hundreds of thousands of contig 
sequences with short length (a few kbp) due to shallow coverage and intra-population variation. It achieves 63% 
mean accuracy when predicting the host genus among 20 genera for 3kbp-long phage contigs. Over the best 
current tool, WisH shows much improved accuracy on short phage sequences and runs hundreds of times faster. 

P 87 
The impact of storage buffer, DNA extraction, and amplification on microbial analysis  
L. Hallmaier-Wacker1, S. Lüert2,1, C. Roos 2, S. Knauf1 
1German Primate Center, Leibniz Institute for Primate Research, Primate Genetics Laboratory, Göttingen, DE 
2German Primate Center, Leibniz Institute for Primate Research, Pathology Unit, Work Group Neglected Tropical Diseases, 
Göttingen, DE 

Introduction: Despite initiatives, such as the NIH Human microbiome project, releasing recommendations on the 
standardization of sample handling [1], many studies using swab samples vary significantly in their research 
protocols. The choice of DNA extraction kits and additional enzymes, such as mutanolysin [2], is often arbitrary. 
Different extraction methods for swab samples have been previously tested using an unknown composition of 
bacteria [3] but validation of the methods using a known bacterial community is needed. 
Materials: We evaluated the effect of storage buffer, DNA extraction, and amplification methods on the microbial 
profile of swab material. An even bacterial mock community composed of 21 species was applied to swabs and 
stored in one of four storage buffers. Four commercially available DNA extraction kits were used to extract 
bacterial DNA prior to sequencing the V4 region of the 16S rRNA gene. Host cell degradation, to reduce the 
number of non-bacterial DNA and additional enzyme mediated lysis for hard-to-lyse microorganisms were also 
tested in conjunction with the DNA extraction kits. Two different polymerases were used for 16S rRNA gene 
amplification prior to sequencing. 
Results: The DNA extraction kit had the largest impact on microbial diversity. Host cell degradation caused a 
single bacterial species to dominate the bacterial profile therefore distorting the actual bacterial composition. The 
addition of mutanolysin and lysosome only marginally improved the bacterial profile but significantly affected the 
abundance of single species. Storage buffer, polymerase, cycling conditions and procedural contamination were 
found to have only minimal effects on the detected microbial community. Despite optimization, the bacterial profile 
remains significantly distorted from the actual bacterial composition of the mock community, emphasizing the bias 
inherent in microbial studies. 
Conclusions: Our results emphasize the importance of appropriate control and validation prior to analyzing 
microbiome data from any biological samples. Understanding the bias of a particular method is essential to be 
able to properly analyze and interpret datasets obtained from NGS. There is a need for field-wide standardization. 
[1] HMP. Nature. 2012. 
[2] Yuan et al. PloS one. 2012. 
[3] Gill et al. PloS one. 2016. 

P 88 
Comparative metagenomic analysis of human gut microbiome composition of two Algerian populations: 
nomadic and coastal 
C. KHETTOU1, A. Benachour2, M. KECHA1 
1Béjaia University, Microbiology, Béjaia, DZ 
2EA 4655 – U2RM Université de Caen Normandie - UFR des Sciences - Campus, nstitut de biologie fondamentale et 
appliquée, 1 - Esplanade de la paix - CS14032-14032 Caen cedex 5, FR 

This study was designed to characterize gut microbiota genetic diversity of healthy individuals of two Algerian 
Populations (Nomadic and Coastal) and to compare their microbial community compositions. 
Gastro intestinal tract samples were collected from stool samples. Thirty-eight healthy subjects, men and women 
between 02 and 55 years-old living in two different regions in Algeria: Sahara and Coast were recruited. Total 
DNA genomic was purified from each sample and analyzed with Metagenomic Approach at DNA vision 
Company. All numerical analyses were carried out with R packages "Biodiversity R" and "Vegan". 
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Our initial finding revealed differences in the composition of the gut microbiota communities of the two Algerian 
populations. Moreover, the result showed differences between bodies in the same population, differences in the 
abundance of the most predominant taxa were founded. 
This work presents the first data set based on human gut microbiota samples of Algerian populations. 
Keywords: Human gut microbiota, Metagenomic approach, Algerian population, Nomad, Coast. 

P 89 
Genome analyses of the effective biocontrol strain Pseudomonas brassicacearum 3Re2-7 in the context 
of other P. brassicacearum genomes 
J. Nelkner1, J. Hassa1, R. Grosch2, A. Winkler1, B. Bunk3, J. Overmann3, A. Pühler1, A. Schlüter1 
1Bielefeld University, CeBiTec, Bielefeld, DE 
2IGZ, Großbeeren, DE 
3DSMZ, Braunschweig, DE 

Introduction 
In order to decode the genetic backgrounds of suppressive properties of microbial soil communities, it is 
important to have a closer look at individual species that show biocontrol characteristics regarding plant 
pathogens. Genome sequencing and analysis in combination with comparative analysis of closely related strains 
reveals the genetic potential of such microorganisms, linking it to their traits that are involved in biocontrol and 
interaction with host plants. 
Objectives 
We analysed the genome sequence of the biocontrol strain Pseudomonas brassicacearum 3Re2-7, a very 
efficient biocontrol agent, in comparison to publicly available genomes of P. brassicacearum strains in order to 
define their core genome. Additionally, we verified the taxonomic classification of all strains with in silico genome-
based methods. Further, we determined genes specific for strain 3Re2-7, as well as genetic determinants for 
biocontrol properties in P. brassicacearum species. 
Materials & Methods 
The genome of 3Re2-7 was sequenced on the PacBio and Illumina platforms. We collected all publicly available 
genomes of the species P. brassicacearum [1-5] and analysed them applying the comparative genomics platform 
EDGAR. 
Results 
The genome of 3Re2-7 has a size of 6.7 Mb and a GC content of 60.8%. 5911 genes could be annotated, which 
include biocontrol determinants such as the phlABCDEFGH cluster coding for the synthesis of 2,4-
diacetylphloroglucinol, the hcnABC cluster for hydrogen cyanide synthesis as well as the ACC deaminase 
structural gene acdS. Comparative analysis revealed that two of the analysed P. brassicacearum strains (DF41 
and LZ-4) differ from the other strains. They lack the phlABCDEFGH gene cluster. Furthermore, Average 
Nucleotide Identity (ANI) as well as in silico DNA-DNA hybridization suggest that these two do not belong to the 
species P. brassicacearum. All other analysed strains build a core genome of 2535 coding sequences with the 
representative 
genome of strain NFM421 used as reference. 91 coding sequences are specific to strain 3Re2-7. 
Conclusion 
The comparative analysis of the species Pseudomonas brassicacearum contributed to the understanding of the 
genetic determinants underlying their plant beneficial and pathogen suppressive characteristics and revealed 
their species-specific traits. 

P 90 
Insights into the bacterial gut communities of the Eurasian beaver (Castor fiber) 
R. Pratama1, D. Schneider1, R. Daniel1 
1University of Göttingen, Genomic and Applied Microbiology, Göttingen, DE 

The Eurasian beaver (Castor fiber) is large semi-aquatic rodent, which feed on bark and some aquatic plants. 
Only few studies have been performed to investigate the ability of the beaver to degrade cellulosic material. The 
beaver intestinal tract harbors lignocellulose-degrading microbial communities. In this study, we examined gut 
bacterial communities from two males (juvenile and subadult) and one female (subadult) with culture-independent 
approaches. For this purpose, metagenomic DNA from different gut compartments was extracted. Subsequently, 
bacterial community composition was assessed by amplicon-based analysis of the V3-V4 region of the 16S rRNA 
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gene. We identified a total of 1,080 OTUs. Among these OTUs, Firmicutes (41,21 %), Actinobacteria (23,99 %), 
Proteobacteria (12,64 %), Verrucomicrobia (9,32 %), Fusobacteria (6,95 %) and Bacteroidetes (5,61 %) were the 
major phyla in the gut system. The bacterial communities of stomach, small intestine and cecum derived from the 
female subadult were dominated by Firmicutes while the colon was dominated by Actinobacteria and 
Verrucomicrobia. The bacterial gut community of the female subadult exhibited higher diversity than that of the 
male juvenile but less than that of the male subadult beaver. Within the bacterial communities, we could identify 
potential degraders of lignocellulose such as Ruminococcus 1, Ruminococcaceae UCG-014 and Prevotellaceae. 
The analysis of the bacterial functional profiles of the different compartments calculated by Tax4fun indicated that 
cecum followed by colon are the most important gut compartments for lignocellulose breakdown. Comparison of 
bacterial communities in the gut system of the beaver with those of other herbivores revealed close similarities 
with the microbiota of bovine rumen and red panda feces. The study provides the first insights into bacterial 
community composition, diversity, and key functions of the complete gut system of Castor fiber.
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LP 01 
Genome sequencing and taxonomic and functional evaluation of 1000 marine Actinobacteria isolates 
from the Trondheim fjord  

G.-S. Nguyen1, A. S. Lewin1, K. F. Degnes1, G. Klinkenberg1, H. Sletta1, T. E. Ellingsen1, M. R. Liles2,  
M. Sandoval2, D. Waits2, M. Medema3, J. Navarro Munoz3, A. Fernandez-Guerra4, A. Wentzel1  
1SINTEF Materials and Chemistry, Dept. of Biotechnology and Nanomedicine, Trondheim, Norway  
2Department of Biological Sciences, Auburn University, Auburn, AL, USA  
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Bioactive chemicals produced by microorganisms isolated from nature have been the source of most antibiotics in 
medical use today. However, many antibiotics are currently losing their function due to rapidly spreading antibiotic 
resistance among pathogenic bacteria. Very few new antibiotics have recently reached the market, due to a very 
high re-discovery rate combined with decreased investment from major pharmaceutical companies. New 
strategies that allow a more rapid discovery of new bioactive compounds and their development into medicinal 
drugs are required to treat lifethreatening bacterial infections in the future.  
The project INBioPharm is developing new, advanced technologies for the more efficient discovery of novel 
bioactive compounds with improved prospects for clinical use. A unique national collection of marine 
Actinobacteria at SINTEF and the Norwegian University of Science and Technology NTNU is used as the basis 
for the development of integrated molecular biology, analytical and screening methods to efficiently access and 
exploit the huge potential of microorganisms for natural product biosynthesis.  
From the marine Actinobacteria strain collection, approx. 1000 selected isolates have been shotgun genome 
sequenced using Illumina HiSeq. A set of advanced bioinformatics tools has been selected, implemented, and 
integrated in order to efficiently assess the taxonomic and functional diversity of the selected isolates and rank 
them with respect to taxonomic novelty and the presence of biosynthetic gene clusters (BGCs) with potential to 
encode new bioactive compounds. Bioactivity profiles of the strains against fungi and Gram-positive and Gram-
negative bacteria have also been taken into consideration. The genomes of prioritized strains are currently being 
closed using PacBio sequencing, and complete BGCs cloned using both direct and random cloning approaches 
in order to heterologously express them in optimized Streptomyces Superhost strains also being developed in the 
project. Integration of bioinformatic compound prediction based on BGC sequences and advanced MS1- and 
MS2-based chemical analyses will be instrumental in the effort to identify and describe novel secondary 
metabolites with antibiotic properties and high medical potential.  
The INBioPharm project is funded by the Research Council of Norway as part of the 'Centre for Digital Life 
Norway' (https://digitallifenorway.org/gb/projects/inbiopharm) 
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Recent evidence has illustrated a connection between antibiotic resistance genes in human pathogens and those 
detected in environmental organisms. This underlines the requirement of deeper investigation of the 
environmental antibiotic resistance reservoir. This project focuses on the dynamic of the soil antibiotic resistance 
pool with respect to different land use types and intensities.  
Here, a microcosm experiment was set up, in which soils with different land use histories were treated with six 
different mixtures of antibiotics commonly used in veterinary medicine. Moreover, function-based screenings of 
metagenomic libraries constructed from isolated soil DNA were performed to discover novel antibiotic resistance 
genes and differences in richness of resistance mechanisms associated with land use intensity.   
First results indicated influences on soil bacterial community in response to intense treatment with an array of 
antibiotics. In addition, novel potential resistance genes present in the soil gene pool were identified.  
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