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Welcome Note

Dear colleagues,

On behalf of the scientific and organizing committees it is our great pleasure to welcome you to
the 6th European Conference on Prokaryotic and Fungal Genomics - ProkaGENOMICS 2015 to
be held in Göttingen on September 29 - October 2, 2015.
The ProkaGENOMICS conference series has been launched in 2003 by the GenoMik funding
initiative of the BMBF and took place every two years, until 2011. In 2015 the North German Center
of Microbial Genomics (www.nzmg.de) revives this successful conference series devoted to all
aspects of microbial genomics, one of the most rapidly evolving fields in molecular life sciences.
The increasing power of high-throughput technologies now allows simultaneous examination of
thousands of genes, transcripts, proteins, and metabolites. These so-called Omics technologies
have become the new mantra in microbial genomics. They are powerful tools that allow monitoring of regulatory processes genome-wide under hundreds of different conditions, even single-cell
analyses are becoming possible. The ProkaGENOMICS 2015 conference addresses this challenging field of microbiology.
The topics of the conference are as follows:
Microbial Genomics in Biotechnology & Industry
Microbial Communities & MetaOmics
Functional Genomics of Infectious Diseases
Functional Genomics of C. difficile Infections
Host Microbe Interplay
Global Gene Regulation & Proteome Dynamics
Systems Biology & Single Cell Genomics
Synthetic Biology
ProkaGENOMICS 2015 is the perfect occasion for scientists from Germany and abroad to
exchange and discuss new knowledge and technologies with the best international researchers
in this exciting field of microbiology.
See you in Göttingen!

Rolf Daniel

Conference Chairs
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General Information
Accommodation and Travel to Göttingen
For more information please visit www.prokagenomics.org.
Catering
Coffee, tea, water and snacks will be provided during coffee and lunch breaks. Catering is included
in the registration fee.
Certificate of Attendance
Certificates of attendance will be available on the last day of the conference at the check-in desk.
Cloakroom
Your wardrobe and luggage can be stored in the unguarded cloakroom free of charge. No liability
is being taken.
General Terms and Conditions
Please find our General Terms and Conditions at www.prokagenomics.org.
Internet Lounge & WiFi Access
The internet lounge is located in the foyer area nearby the Check-In. Further, free WiFi is available throughout the whole conference. Your WiFi access code can be picked up at the Check-In.
Name Badge
Please wear your name badge during all conference events, including the welcome reception
and conference dinner.
Admission to scientific sessions and to the industrial exhibition is restricted to participants wearing
their badge.
Opening Hours
	Tuesday
Check-In
16:00–21:00
Media Check-In
16:00–21:00
Poster Exhibition		
Industrial Exhibition 17:00–21:00

Wednesday 	Thursday
07:30–19:00
08:00–19:00
07:30–17:30
08:00–17:30
08:30–19:00
08:30–19:00
10:00–18:00
10:00–18:00

Friday
08:00–15:30
08:00–13:30
09:30–14:00

6th European Conference on Prokaryotic and Fungal Genomics
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General Information
Registration Fees
Member NZMG Student Registration Fee*
Non-Member Student Registration Fee*
Member NZMG Professional Fee
Non-Member Professional Registration Fee
Industry Registration Fee
ONLY Gerhard G. Gottschalk Honorary Session, 30 Sept.

110 EUR
135 EUR
250 EUR
320 EUR
415 EUR
20 EUR

Social Program
Welcome Reception, conference participant, 29 Sept.
Welcome Reception, accompanying person, 29 Sept.
Social Evening, 1 Oct.

included
20 EUR
45 EUR
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Map of University Area
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General Tips for Authors & Presenters
Submitting Your Presentation/Technical Information
The presentation should be prepared as PDF, MS Office PowerPoint2007, 2010 for Windows or
key for Macintosh DVD in format 4:3.
A presentation notebook with a PDF reader and MS Office PowerPoint 2010/2007 will be provided.
The use of personal notebooks is possible upon agreement. However, it may interrupt the flow of
the program in the lecture hall. Please provide an adapter for VGA if necessary. To guarantee a
smooth running program please upload your presentation on time – at least 2 hours before your
presentation starts.
Media Check-In
The Media Check-In for uploading your presentation is located in the foyer area just outside the
plenary hall.
For submission, please use a USB flash drive, CD or DVD disc that is not protected by any software.
Professional staff and equipment will be available for you to arrange and preview your presentation.
Time Allotment
Please prepare your presentation for the allotted amount of time. Chairs and moderators may
interrupt should you overrun your time limit. Speaking time is assigned as follows (speaking
+ discussion time):
Invited Speakers 		
Speakers selected from Abstracts

20 + 5 minutes
15 + 5 minutes

Poster Sessions
Posters should be no larger than DIN A0 (84.1 cm x 118.9 cm). Poster pinboards are 120 cm x
150 cm. Those are only to be used with the designated pins. Pinboards will be numbered. You
will find your poster number in the program book on pages 24–33.
Poster presenters are asked to be present during their poster session.
Please note that posters should be erected on Wednesday, 30 September by 13:00 and removed
on Thursday, 1 October by 19:00 at the latest.
All posters that have not been removed by then will be considered as waste. No posters will be
forwarded.
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XIV Meeting of the Working Group
Biological Control of Fungal and
Bacterial Plant Pathogens
Biocontrol and Microbial Ecology

© Katja Fröhlich – TU Graz

© Sven Jechalke – JKI

© Sven Jechalke – JKI

12 – 15 SEPTEMBER 2016 • BERLIN

Conference Chairs
Rita Grosch
Leibniz Institute of Vegetable
and Ornamental Crops (IGZ)
Kornelia Smalla
Julius Kühn-Institut (JKI)

www.iobc-wprsberlin2016.de

SAVE THE DATE
6th European Conference on Prokaryotic and Fungal Genomics
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Sponsors, Exhibitors and Media Cooperations
Scientific Sponsors
Federation of European Microbiological Societies (FEMS)
German Research Foundation (DFG)
Leopoldina – German National Academy of Sciences
“Nationale Akademie der Wissenschaften”
Ministry for Science and Culture of the State of Lower Saxony
“Niedersächsisches Ministerium für Wissenschaft und Kultur”
Bronze Sponsors
Geneious (Auckland/NZ)
Microsynth AG (Balgach/CH)
Further Sponsors
Horizon Scientific Press (Hethersett/Norwich/UK)
Journal of Fungi (Basel/CH)
Exhibitors
The following companies are happy to welcome you at their booth:

Applied Maths NV (Sint-Martens-Latem/BE)
Beckman Coulter Genomics (Takeley/UK)
GATC Biotech (Konstanz/DE)
Geneious (Auckland/NZ)
Microsynth AG (Balgach/CH)
Zymo Research (Irvine, CA/US) 
Media Cooperation
Elsevier: Computational and Structural Biotechnology Journal
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Booth Number
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Plan of Exhibition Area & Poster Session
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Social Program
Welcome Reception 					
The Welcome Reception will be hosted within the amenities of the University of Göttingen.
All participants are welcome to join their friends and
colleagues for the Welcome gathering in the frame of
the 6th European Conference on Prokaryotic and Fungal
Genomics.
Snacks and drinks will be provided.
© l Fotolia.com
Date 	Tuesday, 29 September 2015
Time
19:30-22:00
Venue
University of Göttingen • Platz der Göttinger Sieben 5 • Foyer
Price
included for conference participants
20 EUR for accompanying persons

Social Evening
The “Bullerjahn” is a traditional German restaurant and
the perfect spot for hosting our social evening. It impresses with a combination of modern snugness and
good German cuisine.
Located within the building of the old town hall and just
a few meters away from one of Göttingen’s landmarks,
the so called “Gänseliesel”, the Bullerjahn can be found
right in the heart of the old town. The conference venue
is only a 15-minute walk away.

© Bullerjahn

Date 	Thursday, 1 October 2015
Time
20:00-24:00
Venue	Restaurant “Bullerjahn” • Markt 9 • 37073 Göttingen
Price
45 EUR
Guide 	After the last session, you will be walked from the university to the
restaurant “Bullerjahn”.
Meeting time is 19:30 in front of the university (entrance direction main station).
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General Information

3rd THÜNEN SYMPOSIUM
ON SOIL METAGENOMICS
plus Workshop on Bioinformatic Tools

December 14–16, 2016
Braunschweig, Germany
Conference Chair
Christoph C. Tebbe
Thünen Institute of Biodiversity

www.soil-metagenomics.org

6th European Conference on Prokaryotic and Fungal Genomics
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Scientific Program • Tuesday, 29 September 2015
18:00–19:30
Opening Session
Chair	Rolf Daniel (Göttingen/DE)
Opening Remarks
Ulrike Beisiegel, President of the University of Göttingen
Bärbel Friedrich, Vice President of the Leopoldina – German National
	Academy of Sciences
Rolf Daniel, North German Center of Microbial Genomics (NZMG) spokesman
18:00–18:30

18:30–19:30
O OL

Opening Lecture
Synthetic Electromicrobiology
Derek R. Lovley (Amherst, MA/US)

19:30–22:00

Welcome Reception 				

see page 14

Scientific Program • Wednesday, 30 September 2015
08:30–10:20
Microbial Genomics in Biotechnology & Industry l
Chair	Alfred Pühler (Bielefeld/DE)
08:30–08:50
O GENO 01

Discovery of hidden potentials by an integrated phenotypinggenotyping platform and its application for industrial biotech research
Kay Marin (Halle/DE)

08:50–09:15
Systems biology approaches to dissecting plant cell wall
O GENO 02
deconstruction by a filamentous fungus
	N. Louise Glass (Berkeley, CA/US)
09:15–09:40
Think big in small scale: Struggling with rapid characterization of
O GENO 03
strains and processes
	Marco Oldiges (Juelich/DE)
09:40–10:00
Insights from sequencing of Bifidobacterium from lab grown
O GENO 04
cultures and commercial fermentations.
	Mette Jørgensen (Hoersholm/DK)
10:00–10:20
O GENO 05

16

Genome analysis of Rhodococcus erythropolis strain MI2 and
elucidation of the catabolic pathway of the prospective polythioester
precursor 4,4´-dithiodibutyric acid
Jan Hendrik Wübbeler (Muenster/DE)

ProkaGENOMICS 2015 • Göttingen • Germany

Scientific Program • Wednesday, 30 September 2015
10:20–11:00	Industrial Exhibition & Coffee Break
11:00-12:55
Chair

Microbial Communities & MetaOmics l
Katharina Riedel (Greifswald/DE)

11:00–11:25
O META 01

A holistic approach to understand adaptations of prokaryotes to the
harsh conditions of the Red Sea
Ulrich Stingl (Thuwal/SA)

11:25–11:45
O META 02

Methanogenesis upside down: genome analysis of an archaeon
performing nitrate-dependent anaerobic oxidation of methane
Cornelia Welte (Nijmegen/NL)

11:45–12:10
Linking enzymes properties and environmental constraints
O META 03	Manuel Ferrer (Madrid/ES)
12:10–12:30
O META 04

Testing ecological theory using integrated Meta-Omics: Does
microbial lifestyle strategy govern the levels of within-population
genetic variation?
Emilie Muller (Esch-sur-Alzette/LU)

12:30–12:55
Metagenomics at the next level: Using long reads for accessing
O META 05
taxonomy and functions of microbial mat communities
	Rolf Daniel (Göttingen/DE)
12:55–13:30	Industrial Exhibition & Lunch break
13:30–15:00

Poster Session I

Topics	Microbial Genomics in Biotechnology & Industry
Systems Biology & Single Cell Genomics
Host Microbe Interplay
Synthetic Biology

page 24
page 27
page 27
page 28
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Scientific Program • Wednesday, 30 September 2015
15:00– 16:55
Chair

Systems Biology & Single Cell Genomics
Jörg Stülke (Göttingen/DE)

15:00–15:25
O SYS 01

The genomic landscape of compensatory evolution
Csaba Pàl (Szeged/HU)

15:25–15:45
O SYS 02

Survey of vitamin B12 synthesis and dependence in the bacterial
kingdom
Johan Ulrich Kudahl (Cambridge/UK)

15:45–16:10
Illuminating microbial dark matter in Marburg forest soil
O SYS 03	Anne-Kristin Kaster (Braunschweig/DE)
16:10–16:30
Reconstruction of fungal specific genetic pathway model for
O SYS 04
comprehensive pathway search
	Itaru Takeda (Tokyo/JP)
16:30–16:55
O SYS 05

The construction of 16S-based OTUs at a system-wide scale:
robustness and reproducibility
Christian von Mering (Zurich/CH)

16:55–17:30	Industrial Exhibition & Coffee Break
17:30–19:05	From Bacterial Metabolism to Genomics and beyond – in honor of
Gerhard Gottschalk’s 80th birthday
Chair 	Rolf Daniel (Göttingen/DE)
17:30–17:40

Laudatio
Bärbel Friedrich (Berlin/DE)

17:40–18:05
Bacterial metabolism in comparative genomics (COG) perspective
O BMG 01	Michael Y. Galperin (Bethesda, MD/US)
18:05–18:30
O BMG 02

Two Göttinger genome tales retold a decade later: Clostridium tetani
and Propionibacterium acnes in the postgenomic era
Holger Brüggemann (Aarhus/DK)

18:30–18:55
Small non-coding RNAs newly identified players in N-regulation of
O BMG 03
Methanosarcina mazei Gö1
	Ruth Schmitz-Streit (Kiel/DE)
18:55–19:05

18

Final Words
Gerhard Gottschalk (Göttingen/DE)
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Scientific Program • Thursday, 1 October 2015
08:30–10:20
Chair

Microbial Communities & MetaOmics II
Ulrich Stingl (Thuwal/SA)

08:30–08:55
O META 06

Metaproteomics - novel insights into old questions in medical
microbiology & microbial ecology
Katharina Riedel (Greifswald/DE)

08:55–09:15
O META 07

Deep metagenome and metatranscriptome analyses for
biogas-producing microbial communities from agricultural biogas
plants
Andreas Schlüter (Bielefeld/DE)

09:15–09:40
O META 08

A defined mouse microbiota community to investigate
host-microbiota-pathogen interaction in the gut
Bärbel Stecher (Munich/DE)

09:40–10:00
O META 09

In-situ Protein-SIP in a constructed wetland model system reveals
active bacterial families and the major metabolic routes of toluene
degradation
Vanessa Luensmann (Leipzig/DE)

10:00–10:20
O META 10

Plant-specific responses of bacterial endophytic communities
towards grassland management regimes
Franziska Wemheuer (Göttingen/DE)

10:20–11:00 	Industrial Exhibition & Coffee Break
11:00–12:55
Global Gene Regulation & Proteome Dynamics
Chair	Michael Hecker (Greifswald/DE)
11:00–11:25
O GLOB 01

Complexity and functions of the non-coding transcriptome in
bacteria
Wolfgang Hess (Freiburg/DE)

11:25–11:45
O GLOB 02

An integrated ‘omics analysis of polysaccharide perception in the
fungus Neurospora crassa
J. Philipp Benz (Freising/DE)

11:45–12:10
O GLOB 03

Operon structure and co-translational subunit association facilitate
protein assembly in bacteria
Bernd Bukau (Heidelberg/DE)

6th European Conference on Prokaryotic and Fungal Genomics
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Scientific Program • Thursday, 1 October 2015
12:10–12:30
O GLOB 04

In silico target profiling reveals small regulatory RNA functions in
Bacillus subtilis
Jan Maarten van Dijl (Groningen/NL)

12:30–12:55
O GLOB 05

Quantifying proteome dynamics in Mycobacterium tuberculosis with
SWATH mass spectrometry
Ben Collins (Zurich/CH)

12:55–13:30	Industrial Exhibition & Lunch Break
13:30–15:00

Poster Session II

Topics	Microbial Communities & MetaOmics
Global Gene Regulation & Proteome Dynamics
Functional Genomics of C. difficile Infections
Functional Genomics of Infectious Diseases

page 29
page 31
page 32
page 33

15:00–16:55	Functional Genomics of C. difficile Infections
Chair
Dieter Jahn (Braunschweig/DE)
15:00–15:25
O FGCD 01

Structure, up-take and functions of Clostridium difficile toxins
Klaus Aktories (Freiburg/DE)

15:25–15:50
Clostridium difficile biology in the era of comparative genomics
O FGCD 02	Maja Rupnik (Maribor/SI)
15:50–16:10
O FGCD 03

Analysis of Clostridium difficile evolution using CRISPR loci
Joakim Andersen (Raleigh, NC/US)

16:10–16:30
O FGCD 04

Evolutionary genomics and phylogeography of Clostridium difficile
ribotype 027 in Germany
Ulrich Nübel (Braunschweig/DE)

16:30–16:55
O FGCD 05

CDiff: Systems biology, toxins und epidemiology of Clostridium
difficile
Dieter Jahn (Braunschweig/DE)

16:55–17:30 	Industrial Exhibition & Coffee Break
17:30–19:25	Functional Genomics of Infectious Diseases
Chair
Carmen Buchrieser (Paris/FR)

20
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Scientific Program • Thursday, 1 October 2015
17:30–17:55
Pathogenicity and immune evasion of the human–pathogenic fungus
O FGID 01
Aspergillus fumigatus
	Axel A. Brakhage (Jena/DE)
17:55–18:15
O FGID 02

Evolution of S. aureus during nasal carriage involves cross–lineage
transfer of mobile genetic elements
Tanya Golubchik (Oxford/UK)

18:15–18:40
O FGID 03

Mutations altering transcription and translation direct adaptive
processes and life–style changes of Pseudomonas aeruginosa after
colonization of cystic fibrosis airways
Søren Molin (Copenhagen/DK)

18:40–19:00
O FGID 04

Comparative genomics and transcriptomics of human pathogenic
Lichtheimia species
Volker Schwartze (Jena/DE)

19:00–19:25
O FGID 05

Population genomics of Streptococcus agalactiae to understand
host adaptation and the emergence of neonatal infections
Philippe Glaser (Paris/FR)

20:00–24:00

Conference Dinner 					

see page 14

Scientific Program • Friday, 2 October 2015
08:30–10:05	Host Microbe Interplay
Chair
Gerhard Braus (Göttingen/DE)
08:30–08:55
O HMI 01

Legionella host pathogen interactions and evolution of virulence
Carmen Buchrieser (Paris/FR)

08:55–09:20
O HMI 02

Evolution of genomes and pathogenicity within the fungal genus
Verticillium
Bart P. H. J. Thomma (Wageningen/NL)

09:20–09:40
O HMI 03

First sex then stress: How activation of the secretion stress
response triggers disease progression in the plant pathogenic fungus
Ustilago maydis
Kai Heimel (Göttingen/DE)

6th European Conference on Prokaryotic and Fungal Genomics
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Scientific Program • Friday, 2 October 2015
09:40–10:05
O HMI 04

Structure and function of the bacterial phyllosphere microbiota
Julia Vorholt (Zurich/CH)

10:05–10:35	Industrial Exhibition & Coffee Break
10:35–12:10
Chair

Synthetic Biology
Jan Maarten van Dijl (Groningen/NL)

10:35–11:00
O SB 01

Forward design of a biochemical system
Sven Panke (Zurich/CH)

11:00–11:20
O SB 02

Chassis organism from Corynebacterium glutamicum – Genome
reduction as a tool towards improved strains for synthetic biology and
industrial biotechnology
Meike Baumgart (Juelich/DE)

11:20–11:45
O SB 03

Cycling with lantibiotics and potentiating them against
Gram-negative pathogens
Oscar P. Kuipers (Groningen/NL)

11:45–12:10
O SB 04

Minibacillus – elucidation of the components essentially required for
a living cell
Jörg Stülke (Göttingen/DE)

12:10–12:55
Chair

Microbial Genomics in Biotechnology & Industry II
Jan Maarten van Dijl (Groningen/NL)

12:10–12:35
O GENO 06

Sequence–guided bioprospecting for pathway engineering
Kristala L. Jones Prather (Cambridge, MA/US)

12:35–12:55
Draft genome of the filamentous soil fungus Chaetomium cochliodes
O GENO 07
reveals abundance of peroxidase and catalase genes
	Marcel Zamocky (Vienna/AT)
12:55–13:30	Industrial Exhibition & Lunch Break
13:30–15:20
Chair

Global Gene Regulation & Proteome Dynamics
Dörte Becher (Greifswald/DE)

13:30–13:55
O GLOB 06

Choreography of transcription in Salmonella
Jay C. D. Hinton (Liverpool/UK)

22
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Scientific Program • Friday, 2 October 2015
13:55–14:15
O GLOB 07

Complete proteome discovery in prokaryotes: insights based on
integrative analysis of genomics, transcriptomics & proteomics data
Christian Ahrens (Wädenswil/CH)

14:15–14:40
O GLOB 08

Regulatory networks governing Candida albicans colonization of the
mammalian host
J. Christian Perez (Wuerzburg/DE)

14:40–15:00
O GLOB 09

High resolution transcriptome sequencing for deciphering regulatory
networks in Actinobacteria
Jörn Kalinowski (Bielefeld/DE)

15:00–15:20
O GLOB 10

Global proteome expression analysis in pathogen bacteria – from
the proteome inventory to the understanding of bacterial physiology
and virulence
Dörte Becher (Greifswald/DE)

15:20–15:30
Closing remarks
	Michael Hecker (Greifswald/DE)

6th European Conference on Prokaryotic and Fungal Genomics
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Poster Presentations • Wednesday, 30 September 2015
13:30–15:00

Poster Session I

Topics	Microbial Genomics in Biotechnology & Industry
Systems Biology & Single Cell Genomics
Host Microbe Interplay
Synthetic Biology

page 24
page 27
page 27
page 28

Microbial Genomics in Biotechnology & Industry
P GENO 01	The reduced translation initiation efficiency of the live-attenuated
Coxsackievirus B3 Sabin3-like RNA is correlated with an impaired binding
of standard initiation factors to the mutant domain V of the IRES
	Amira Souii (Tunis/TN)
P GENO 02
Genomics of antarctic polyextremophile Nesterenkonia sp. AN1
Habibu Aliyu (Pretoria/ZA)
P GENO 03
Bacterial partners enhance photo-fermentative algae hydrogen production
Gergely Maroti (Szeged/HU)
P GENO 04	Exploitation of Gluconobacter genomes towards the understanding of high
Levan production of Gluconobacter species TMW 2.1191
Julia Brandt (Freising/DE)
P GENO 05	Identification and functional genetic analysis of a putative competence
inhibitor in Bacillus licheniformis
Christine Muth (Muenster/DE)
P GENO 07
Comparative genomics of Pseudomonas strains different in white-line
reaction phenomenon
 	
Hassan Rokni-Zadeh (Zanjan/IR)
P GENO 09
Bioprospecting of soil metagenomes for novel phosphatases
Genis Andres Castillo Villamizar (Göttingen/DE)
P GENO 10	Isolation and characterisation of a strain of Pseudomonas sp.
(Strain 10-1B) - a polycyclic aromatic hydrocarbon degrader and a potential
plant growth promoting bacterium
Preotria Adeleke (Rasheed/ZA)
P GENO 11	Autochthonous microbial communities in oil-polluted Mediterranean Coast
regions: Astonishing potential for PAH bioremediation
Katholiki Skopelitou (Louvain-La-Neuve/BE)
Genome diversity of the major Pseudomonas aeruginosa clones C and PA14
P GENO 12
Sebastian Fischer (Hanover/DE)
P GENO 13
Comparative genomics of marine Phaeobacter strains from different
habitats reveals a conserved population structure and genetic variability of
acquired regions
Heike Freese (Braunschweig/DE)
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P GENO 14	Novel approach for the identification of biocatalysts by reverse omics
techniques
	Richard Egelkamp (Göttingen/DE)
P GENO 15
Sequencing, assembly and structural characteristics of the genome of
twelve strains from Corynebacterium pseudotuberculosis bv. qui
	Artur Silva (Belém Belo Horizonte/BR)
P GENO 16	Microbial communities in compost soil are a rich resource for novel lipolytic
genes as revealed by metagenomic approaches
	Mingji Lu (Göttingen/DE)
P GENO 17	Enabling of rapid strain characterization for filamentous organisms
Joachim Koepff (Juelich/DE)
P GENO 18
Solventogenic clostridia: a surprising diversity
	Anja Poehlein (Göttingen/DE)
P GENO 19
Comparative genomics of environmental mycobacteria: ecological and
clinical implications
Daniel Jaén-Luchoro (Palma de Mallorca/ES)
P GENO 20	Metaviromic analysis of soil in Kogelberg Biosphere Reserve
Jane Raphela (Pretoria/ZA)
P GENO 21
Development and validation of new qPCR assays for detection of mould
fungi in indoor air
Kerttu Valtanen (Berlin/DE)
P GENO 22
Unusual features of phiNFS - a therapeutic phage closely related to phiK
	MV-like phages
Victor Krylov (Moscow/RU)
P GENO 23
Comparative genomics of nitrogen fixation metabolic pathway
Luana Presta (Sesto Fiorentino/IT)
P GENO 24
Search for Glucose-Catabolite-Repression negative Clostridium
acetobutylicum strains using continuous cultures
Johannes Müller (Freising/DE)
P GENO 25	Mechanisms of genetic control at biomass hydrolysis reactions by
Trichoderma harzianum degrading fungus
 	Maria Augusta Crivelente Horta (Campinas/BR)
P GENO 26
Unraveling the genetic difference behind two phenotypes of
Pseudomonas aeruginosa PA14 found during lab maintenance
Carola Berger (Aachen/DE)
P GENO 27	Efficient detection of large insertions and deletions in microbial genome
sequencing data
Pieter Monsieurs (Mol/BE)
P GENO 28
Characterization of microbial communities related to biogenic sulfuric acid
corrosion within different full-scale digesters
Bettina Huber (Garching/DE)
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P GENO 29

Genomic and physiological analyses of Aeromonas sp. O23A and
Shewanella sp. O23S – bacterial strains isolated from mine waters
contaminated with heavy metals
Witold Uhrynowski (Warsaw/PO)
P GENO 30
Quantifying the energy conservation from sulfur and thiosulfate respiration
in the genus Petrotoga (Thermotogae) through genomic and transcriptomic
analyses
	Martin Mühling (Freiberg/DE)
P GENO 31	Analyses of the microbial community in the gut system of European
beavers (Castor fiber)
	Rahadian Pratama (Göttingen/DE)
P GENO 32	The metagenomics of winemaking
	Mads Bennedsen (Hoersholm/DK)
P GENO 33
Static and dynamic transcriptome driven construction of a genome reduced
Streptomyces lividans TK24 production strain
	Tobias Busche (Bielefeld/DE)
P GENO 34	The transcriptional regulation of the acarbose biosynthesis genes in
Actinoplanes sp. SE50/110
	Timo Wolf (Bielefeld/DE)
P GENO 35
Strain development by targeted gene deletion in the biotechnologically
important Bacillus pumilus
	Elvira Vogel (Muenster/DE)
P GENO 36
Bioinformatics services for microbial genome and metagenome research
Stefan Albaum (Bielefeld/DE)
P GENO 37
Complete genome sequence of Paenibacillus riograndensis SBR5T and
initial characterization of physiological features
Luciana Fernandes de Brito (Bielefeld/DE)
P GENO 38	Identification of the genes encoding the enzymes involved in the molinate
degradation pathway
	Ana Lopes (Cantanhede Porto/PT)
P GENO 39
Genetic engineering methods for Actinoplanes sp. SE50/110
	Tetiana Gren (Bielefeld/DE)
P GENO 40
Genome sequences of Lactoccocus lactis subsp. lactis bv. diacetylactis
S50 and its derivative with chromosomal inversion correlated with
spectinomycin resistance
Katarina Novovic (Belgrade/RS)
P GENO 41
Secretome composition of B. adusta cultivated on different substrates to
investigate its potential in biomass deconstruction.
Linda Bianco (Rotondella/IT)
P GENO 42
Full-length cDNA sequencing of prokaryotic transcriptome and
metatranscriptome samples
	Ralph Vogelsang (Menlo Park,CA/US)
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Systems Biology & Single Cell Genomics
P SYS 01	Transfected bacteria strains as tools for understanding the biological role of
target molecules
	Iskra Sainova (Sofia/BG)
P SYS 02
Single-cell adaption upon carbon-shift of Escherichia coli and
Corynebacterium glutamicum populations
	Raphael Freiherr von Boeselager (Juelich/DE)
P SYS 03
Genome-scale metabolic reconstruction of multiple Acinetobacter
baumannii strains
Luana Presta (Sesto Fiorentino/IT)
P SYS 04	Role of monovalent cations in P-loop NTPases as revealed by comparative
genome analysis and molecular dynamics simulations
Daria N. Shalaeva (Moscow, Russia)
P SYS 05	Inferring metabolic fluxes of central energy metabolism from gene
expression and metabolite concentrations
	Rainer König (Jena/DE)
P SYS 06	Asymmetric distribution of important reactions in E. coli metabolic network
Salma Sohrabi-Jahromi (Tehran/IR)
P SYS 07	Modeling in-vivo expression dynamics of the restriction-modification system
	Esp1396I
	Andjela Rodic (Belgrade/RS)
Host Microbe Interplay
P HMI 01
Comparative genomics of Lactobacillus amylovorus
	Ravi Kant (Helsinki/FI)
P HMI 02
Pathogenicity of raised and deep pitted scab inducing diseases
Streptomyces on potato
Gholam Khodakaramian (Hamedan/IR)
P HMI 03
Genome-wide RNA sequencing analysis of quorum sensing-controlled
regulons in the plant-associated Burkholderia glumae strain PG1
Christel Schmeisser (Hamburg/DE)
P HMI 04
Genomics of nematocidal Bacillus thuringiensis: Conserved chromosomes
and a diverse plasmidome in competitive strains
Jacqueline Hollensteiner (Göttingen/DE)
P HMI 05
Draft genome of Williamsia sp. ARP1, isolated from the Arabidopsis thaliana
phyllosphere
Hannes Horn (Wuerzburg/DE)
P HMI 06
Global comparative transcriptome analyses of Sinorhizobium fredii NGR234
Dagmar Krysciak (Hamburg/DE)
P HMI 07	Regulatory features of TCS08 in Streptococcus pneumoniae
	Alejandro Gómez Mejia (Greifswald/DE)
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P HMI 08

Host-specific profiles and highly diversified microbial dark matter in marine
sponge symbiont communities
	Rodrigo Costa (Faro/PT)
P HMI 09
Comparative genomics reveals shared and specific features of Vibrio 		
strains across multiple animal hosts
	Rodrigo Costa (Faro/PT)
P HMI 10	An oligotrophic culture medium supports the retrieval of diverse and
unusual Alphaproteobacteria lineages from a marine sponge (Spongia sp.)
	Elham Karimi (Faro/PT)
P HMI 11	Retrieval of bacterial symbionts from the temperate soft coral
Eunicella labiata using an alternative cultivation approach
	Tina Keller Costa (Faro/PT)
P HMI 12	Rhizobial efflux system with its associated transcriptional regulator and their
role in symbiosis.
	Anna Zdyb (Dresden/DE)
P HMI 13	Transcriptomic analysis of members of the peroxidase-catalase superfamily
in phytopathogenic fungi Magnaporthe oryzae & Magnaporthe grisea
	Marcel Zamocky (Vienna/AU)
P HMI 14	Evolution marks in rhizobial microsymbionts genomes from the relict
species Vavilovia formosa (Stev.) Fed.
Vladimir Kopat (St. Petersburg/RU)
Synthetic Biology
P SB 01	TREX – a synthetic biology tool used for the bacterial production of
prodigiosin
	Andreas Domröse (Juelich/DE)
P SB 02
Harnessing light to control the production of secondary metabolites in
Pseudomonas aeruginosa
Jan Herzer (Eggenstein-Leopoldshafen/DE)
P SB 03
Minibacillus: On the way to a minimal Bacillus subtilis cell
Daniel R. Reuß (Göttingen/DE)
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Poster Session II
Topics	Microbial Communities & MetaOmics
Global Gene Regulation & Proteome Dynamics
Functional Genomics of C. difficile Infections
Functional Genomics of Infectious Diseases

page 29
page 31
page 32
page 33

Microbial Communities & MetaOmics
P META 01

Diversity and function of microbial communities in charge of micropollutants
degradation analyzed by shotgun and 16S rRNA metagenomic sequencing
Karin Hellauer (Garching/DE)
P META 02	Reconstruction of evolution of the global population of Mycobacterium
tuberculosis by analysis of stratigraphic layers of polymorphic sites in
genome sequences
Oleg Reva (Pretoria/ZA)
P META 03	Ecological diversity of the genus Acinetobacter and its role in genetic
diversification and emergence of pathogenicity
	Marc Garcia-Garcera (Paris/FR)
P META 04	Metagenome-based metabolic reconstruction reveals the ecophysiological
function of Epsilonproteobacteria in a hydrocarbon-contaminated sulfidic
aquifer
	Andreas Keller Hardy (Leipzig/DE)
P META 05
Characterisation of bacterial community in Phalaenopsis orchids with soft
rots using Ion 16S™ Metagenomics Kit
Spela Alic (Ljubljana/SI)
P META 06
Reconciliation between operational taxonomic units and species boundaries
	Mohamed Ahmed (Brussels/BE)
P META 07
Genome evolution in a defined host-associated bacterial community
colonizing gnotobiotic mice
Debora Garzetti (Munich/DE)
P META 08
The metagenomic and hydrolytic potential of an agricultural production scale
biogas fermenter in comparison with natural biomass degrading systems
Simon Güllert (Hamburg/DE)
P META 09	Total and active bacterioplankton communities on a transect ranging from
the southern Patagonia to the Antarctic peninsula
Katharina Smaluch (Göttingen/DE)
P META 10	Molecular characterization of microbial communities during ensiling
conditions and biogas production
Christian Grumaz (Stuttgart/DE)
P META 11
Diverse ecological adaptation of Prevotella species, a major group in
mammalian gut, as revealed by comparative genomic analysis of glycan
binding and degrading protein repertoires
	Tomaz Accetto (Domzale/SI)
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P META 12

Filtration and normalization methods for whole-metagenome shotgun
sequencing
Philippe Chouvarine (Hanover/DE)
P META 13	The microbial metagenome of cystic fibrosis lower airways
Patricia Morán Losada (Hanover/DE)
P META 14	A comparative study on 16 S rDNA primers for monitoring archaeal and
bacterial community structure in diverse environments revealing method
based bias
	Martin A. Fischer (Kiel/DE)
P META 15
Understanding entomopathogenic bacterial lifestyles through genome
sequencing
	Nick Tobias (Frankfurt am Main/DE)
P META 16
Characterisation of three novel bacteriophages infecting Pseudomonas
putida
Damian Magill (Belfast/UK)
P META 17	EDGAR - A public database for comparative genomics
Jochen Blom (Gießen/DE)
P META 18	Impact of tree species on soil bacterial community diversity and composition
	Amélie Dukunde (Göttingen/DE)
P META 19
Synthetic long-reads provide detailed insights into microbial mat metagenomes
Dominik Schneider (Göttingen/DE)
P META 20	The green impact: bacterioplankton response towards a phytoplankton
spring bloom in the southern North Sea
Bernd Wemheuer (Göttingen/DE)
P META 22
Hoopoe’s uropygial gland secretion microbiome
Sonia M. Rodríguez-Ruano (Granada/ES)
P META 23	MGX - A flexible metagenome analysis framework
Sebastian Jaenicke (Bielefeld/DE)
P META 24	A draft genome of candidate division OP3 obtained by physical enrichment
of cells
Jana Kizina (Bremen/DE)
P META 25
Biogas production from coal: metagenome analysis of a methanogenic
microbial community
	Michiel in ‘t Zandt (Nijmegen/NL)
P META 26	Extreme environment ecology and food safety of cheese brine microbial
communities.
	Nadia Andrea Andreani (Legnaro/IT)
P META 27	Antenna pigment binding in microbial rhodopsins: characterization,
requirements and distribution
Florian Lenk (Göttingen/DE)
P META 28	Metagenome of silage
Jacob Bælum (Hoersholm/DK)
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P META 29

From order to chaos – bacterial community dynamics under different
environmental regimes in a simulated marine ecosystem
Dirk Berkelmann (Göttingen/DE)
P META 30
Ocean‘s twelve: Flagellar and biofilm chromids in the multipartite genome of
Marinovum algicola DG898
Silke Pradella (Braunschweig/DE)
P META 31
Biodiversity Ecology Function across marine and terrestrial ecosystems
(BEFmate) – linking microbial diversity and dispersal with function
Simone Hanekamp (Göttingen/DE)
P META 32
Pangenomic analysis of Thermosipho reveals limited gene flow between
species but high within-species similarity
	Thomas Haverkamp (Oslo/NO)
P META 33	Molecular analyses of sulfate and iron reducing bacterial communities in
contaminated riverbank sediments
Kaitlyn Frederick (Youngstown/US)
P META 34	Metagenomic study of mouse gut microbial communities affecting infectious
diseases
	Till Robin Lesker (Braunschweig/DE)
P META 35	The effect of probiotics on healthy human GI microbial community and
stress response				
Daniel Lisko (Youngstown, OH/US)
P META 36	A bioinformatics pipeline for the detection of β-lactamase genes in
metagenome sequence data and its application to production-scale biogas
plants
Peter Belmann (Bielefeld/DE)
Global Gene Regulation & Proteome Dynamics
P GLOB 01	The response of Bacillus pumilus to hydrogen peroxide provoked oxidative
stress
Birgit Voigt (Greifswald/DE)
P GLOB 02
Overlap between plant colonization behavior and stress response in plant
growth promoting bacterium Bacillus atrophaeus UCMB-5137
Liberata Mwita (Pretoria/ZA)
P GLOB 03
Using Neurospora crassa to unravel pectin perception and degradation
mechanisms
	Nils Thieme (Freising/DE)
P GLOB 04
Differential gene expression of Enterococcus faecalis and
Staphylococcus aureus subjected to metal stress
	Elisabeth Grohmann (Freiburg/DE)
P GLOB 05
Characterization and effect of the janthinobacterial quorum sensing system
Frederike Haack (Hamburg/DE)
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P GLOB 06

Quantitative proteomic analysis of M. tuberculosis cluster Beijing B0/W148
strains
Julia Bespyatykh (Moscow/RU)
P GLOB 07	A mutation in the stop codon of the transition state regulator AbrB bypasses
the lack of competence in the spo0A mutant of Bacillus subtilis 3NA
Josef Altenbuchner (Stuttgart/DE)
P GLOB 08
Systematically investigating sequence specificity of sigma70 promoters in
E. coli
	Milos Nikolic (Belgrade/RS)
P GLOB 09
Underrepresentation as a measure of functionality for transcription factor
binding site searches
Djordje Markovic (Belgrade/RS)
P GLOB 10	ECF sigma factor: from a stringency paradigm to significant mix-andmatching
Jelena Guzina (Belgrade/RS)
P GLOB 11	Adaptation of Dinoroseobacter shibae to oxidative stress
	Nicole Beier (Brunswick/DE)
P GLOB 12
Dehalo-transcriptomics in Methylobacterium extorquens: Common and
specific features of dichloromethane and chloromethane utilization
Françoise Bringel (Strasbourg/FR)
Functional Genomics of C. difficile Infections
P FGCD 01	Metabolic modeling gives new insights into the metabolic behavior of
Clostridium difficile
Henning Dannheim (Braunschweig/DE)
P FGCD 02	Time-resolved substrate uptake and product formation of Clostridium difficile
	Meina Neumann-Schaal (Braunschweig/DE)
P FGCD 03	NGS-based typing of Clostridium difficile using whole genome MLST	
Katrien De Bruyne (Sint-Martens-Latem/BE)
P FGCD 04
Comparative genomics of Clostridium difficile strains isolated from
	European, African and Asian patients reveals a conserved genomic
structure and a variability of acquired and mobile genetic elements
	Thomas Riedel (Braunschweig/DE)
P FGCD 05	Alteration in the thiol proteome of Clostridium difficile in response to bile
acid stress
Susanne Sievers (Greifswald/DE)
P FGCD 06	Influence of medium composition on metabolism and toxin production of
Clostridium difficile
Julia Hofmann (Braunschweig/DE)
P FGCD 07
Comparative analysis of putative virulence factors in Clostridium difficile
	Andrea Thuermer (Göttingen/DE)
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P FGCD 08	MALDI-TOF ICMS fingerprinting for rapid discrimination of clonal
subpopulations in Clostridium difficile
Wilhelm Schneiderhan (Göttingen/DE)
P FGCD 09
Contribution of mobile genetic elements to the diversification of a novel
Clostridium difficile pulsotype
	Tatiana Murillo (San José/CR)
Functional Genomics of Infectious Diseases
P FGID 01
Hyphodermella is a genus producing lignin modifying enzymes
	Mohammad Sayari (Pretoria/ZA)
P FGID 02	Microevolution of Pseudomonas aeruginosa in chronically infected cystic
fibrosis lungs
Jens Klockgether (Hanover/DE)
P FGID 03
Whole genome sequencing of E. coli isolates from bovine origin: Is there a
specific mastitis pathotype?
	Andreas Leimbach (Göttingen/DE)
P FGID 04
Genome-guided analysis of Melissococcus plutonius, causing European
foulbrood on honey bees
	Marvin Djukic (Göttingen/DE)
P FGID 05
Genome analysis and comparison of EHEC and non-EHEC strains
	Matthias Schreiner (Muenster/DE)
P FGID 06
Comparative genomic analysis of multi drug resistant Escherichia coli
strains that cause bacteremia
	Yael Yair (Tel Aviv/IL)
P FGID 07
Host interaction and adaptation of Escherichia coli in the urinary tract
Christoph Stork (Muenster/DE)
P FGID 08
Development of a probabilistic method for characterization of bacteriophages
Cynthia Maria Chibani (Göttingen/DE)
P FGID 09	Investigating the regulation of fHbp expression in clinical isolates of
menigococcus
	Marco Spinsanti (Bologna/IT)
P FGID 10
On the limits of computational functional genomics for bacterial lifestyle
prediction
	Eudes Guilherme Vieira Barbosa (Odense/DK)
P FGID 11
Complete genome sequence and DNA methylation profile of
Campylobacter coli BFR 9557
	Andreas Zautner (Göttingen/DE)
P FGID 12	Interclonal transcriptome profile of four Pseudomonas aeruginosa isolates
Sarah Dethlefsen (Hanover/DE)
P FGID 13
Diversity and occurrence of CRISPR-Cas systems in Streptococcus genomes
Philippe Horwath (Dange-Saint-Romain/FR)
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Opening Lecture
O OL
Synthetic Electromicrobiology
D. R. Lovley1
1
University of Massachusetts, Department of Microbiology (Amherst, US)
Electromicrobiology, is the study of microbes that can directly exchange electrons with their external environment and
the components that enable these electrical interactions. The field is entering a synthetic stage as the ‘hardware’ that
facilitates electron transport is being identified, making it feasible to construct improved electric microbes and bioelectronics. One fascinating component is the electrically conductive pili (e-pili; formerly microbial nanowires) of Geobacter
species. Surprisingly, e-pili possess metallic-like conductivity similar to that observed in synthetic organic conducting
polymers, such as polyaniline. This is the first time that metallic-like conductivity has been observed in a biological protein.
Genetic manipulation of Geobacter sulfurreducens to express more e-pili generated strains that produce higher current
densities in microbial fuel cells. Genetic modification of the e-pili amino acid sequence yielded e-pili that are a millionfold more conductive than the wild-type, opening a new field of inquiry of e-pili as a sustainable ‘green’ replacement for
electronics materials that contain toxic components and/or are produced with harsh chemicals. The understanding of
how to convert non-conductive pili into e-pili is being applied to re-engineer Clostridium ljungdahlii to be a better electric
microbe to enhance the process of microbial electrosynthesis, an artificial form of photosynthesis in which microorganisms directly accept electrons from electrodes for the reduction of carbon dioxide to fuels or other organic commodities.
The ability to control expression of components necessary for current production with genetic switches is leading to the
development of biosensors that directly produce an electric current in response to a diversity of environmental signals.
The discovery that some methane-producing microorganisms can directly accept electrons from other microbial species
has lead to strategies to enhance and stabilize the conversion of organic wastes to methane in anaerobic digesters. The
increasing ability to predict the electronic capabilities of microbes from genomic sequences is accelerating the study of
electromicrobiology and is expanding the field beyond the more traditional focuses of biogeochemistry, bioremediation,
and bioenergy to medical applications.
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Microbial Genomics in Biotechnology & Industry
O GENO 01
Discovery of hidden potentials by an integrated phenotyping-genotyping platform and its application for
industrial biotech research
S. Hans1, M. Kipker1, M. Hauser1, A. Lömker2, J. Winnebald2, A. Goesmann2, J. Kalinowski2, Y. Kumar3, D. Holtkamp3
V. Brenner3, J. Retey4, T. Hartsch4, K. Marin1
1
Evonik Industries AG, Nutrition and Care (Halle, DE)
2
University of Bielefeld, CeBiTec (Bielefeld, DE)
3
GATC Biotech AG (Konstanz, DE)
4
Genedata AG (Basel, CH)
Question: Industrial production strains are developed by rational and undirected metabolic engineering methods. Undirected mutagenesis approaches aim to unlock hidden off-pathway potentials, but their disadvantage is that beneficial
and deleterious effects are combined commonly which hinders to pinpoint the contribution of particular mutations and
therefore the selective transfer into industrial production strains.
Methods: Within a BMBF funded project the partners University of Bielefeld (CeBiTec), GATC Biotech AG, Genedata
AG and Evonik Industries AG teamed up in order to develop a novel solution to overcome the drawbacks of undirected
engineering approaches. By combination of mutagenesis, novel screening approaches, high throughput genome sequencing, automated phenotyping such as the development of novel bioinformatic software applications an innovative work
flow for identification of relevant mutations was developed. The applicability of the novel tools was evaluated for the top
biotech product L-Lysine.
Results: In a funnel type approach a library of ~100 billion mutants obtained by mutagenesis of a lysine model producer
was screened for increased anti-metabolite resistance (833 mutants), increased L-Lysine titers (207 mutants) and higher
L-Lysine yield and productivity (120 mutants). For 120 strains genome sequencing was performed, 20.000 mutations
were found in total and analyzed by a novel algorithm. For 20 mutations rational explanations for phenotypic alterations
were found by applying the BioLog system. By combination of genome data and screening results by a newly developed
bioinformatic method 22 mutations in 11 genes were predicted to contribute to the improved performance significantly. This
was evaluated for 9 mutations introduced separately in the parental strain and in 5 cases an improved performance was
confirmed. One mutation was found in the rel gene involved in stringent response. The results of the detailed analyses
including an additional point mutagenesis of rel will be discussed during the presentation.
Conclusions: Key for the newly developed workflow was the combination of massive genome sequencing, appropriate
bioinformatic tools such as the suitable screening tools. We anticipate that this could hold true for alternative combinations of organisms and products.
O GENO 02
Systems biology approaches to dissecting plant cell wall deconstruction by a filamentous fungus
N. L. Glass1
1
University of California, Plant and Microbial Biology Dept (Berkeley, US)
We use systems biology approaches to decipher the mechanism of plant cell wall deconstruction by the filamentous fungus
Neurospora crassa. Our first focus is the analysis of the transcriptional regulatory network associated with plant cell wall
deconstruction using transcriptomics, proteomics, phosphoproteomics and a full genome deletion strain set available
for N. crassa. The second area of focus is the dissection of the pathway to hyper-secretion of lignocellulolytic enzymes
using high throughput screening, re-sequencing, and biochemical and live cell imaging tools. These datasets are being
used to develop a plant biomass deconstruction metabolic model for N. crassa that will ultimately lead to predictions
regarding function of new proteins associated with plant biomass deconstruction. The ultimate objective is to rationally
engineer hypersecretion strains in any cellulolytic filamentous ascomycete species as well as engineer fermentation
organisms to more efficiently secrete plant cell wall degrading enzymes, enabling lower cost production of biofuels from
lignocellulosic material.
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O GENO 03
Think big in small scale: Struggling with rapid characterization of strains and processes
M. Oldiges1
1
Research Center Jülich, Institute of Bio- and Geosciences: IBG-1 Biotechnology (Jülich, DE)
The biotechnological production of fine and bulk chemicals as well as heterologous protein production using microbial
systems is one important field in the growing bioeconomy. One of the important keys to success is the increasing speed of
genetic manipulations possible for platform organisms like Escherichia coli or Corynebacterium glutamicum and others. This
allows to engineer microbial strains in a fast way and easily provides strain libraries harbouring large biological variance.
However, the capability of detailed phenotyping of such genotype library at well-defined bioprocess level is orders of
magnitude slower. Thus, it represents a substantial bottleneck in strain engineering as well as bioprocess development.
Especially, this holds true for the challenge of identifying the best performing strain under bioreactor process conditions
instead of artificial screening conditions. All this demands for increased experimental throughput in microbial phenotyping
at well-defined bioprocess conditions. To fully release the potential of rapid strain and bioprocess characterisation not only
the cultivation, but also upstream processing, analytics and data treatment need to be accelerated, in order to provide a
valuable integrated tool for microbial strain engineering, synthetic biology, gene-function relationship as well as bioreaction
engineering and bioprocess development.
This is illustrated taking a set of Corynebacterium glutamicum strains with reduced genome size and other microbial
application examples as case studies, showing how developments in miniaturized cultivation technology combined with
smart lab automation facilitates microbial phenotyping and bioprocess development. Such elevated throughput in microbial
cultivation technology and bioprocess engineering provide a comprehensive data basis and paves the way to generate
improved knowledge about microbial systems in terms of metabolism, regulation and application.
O GENO 04
Insights from sequencing of Bifidobacterium from lab grown cultures and commercial fermentations
M. Jørgensen1,2, A. Krogh2, A. Baker1
1
Chr Hansen, Human health and nutrition discovery (Hørsholm, DK)
2
University , Biology (Copenhagen, DK)
Introduction: At Chr Hansen we have the largest bacterial fermentation production units in the world and a commitment to
implement cutting edge technologies in our entire production process. One focus is that we are starting to sequence some
of our strains through production.
Objectives: Bacteria evolve fast and mutations happen all the time. We are therefore interested in how many mutations that
reside in the population during production and if the extreme environment in the fermenters influences the mutation rate? To
study these questions we have sequenced a bacteria strain at three time points during the production process. In addition we
are exploring the available software and the influence of the used tools.
Materials and methods: DNA was extracted from Bifidobacterium both grown in culture and as isolates on a plate. The DNA
is harvested from frozen samples, the inoculation material and from freeze-dried product. The DNA has been sequenced on
both a miseq(300bp paired end) and hiseq(100bp paired end). Various software packages were used to analyse the data
Results: We will describe the results showing that we managed to sequence the whole genome under all conditions. The
assemblies from both the lab grown and commercial bacteria cover more than 99% of the reference genome. We also show
that the software used to analyse the data has a huge impact on the results. An interesting result is that for miseq data error
correction is important to reach a reasonable number of contigs while is it not as important for hiseq data. The contigs breaks
were often found at the borders of rRNAs. Another result is that the sample variation is smaller in lab isolates than in culture
and overall this specific strain seems to be homogenous.
Conclusion: It is possible to recover the whole genome from freeze-dried bacteria, but the software used has a high impact
on the resulting assembly. The results also indicate that this strain is homogenous, but more experiments need to be done to
validate this. We will describe the future steps.
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O GENO 05
Genome analysis of Rhodococcus erythropolis strain MI2 and elucidation of the catabolic pathway of the
prospective polythioester precursor 4,4´-dithiodibutyric acid
J. H. Wübbeler1, H. Khairy1, A. Poehlein2, R. Daniel2, A. Steinbüchel1
1
Westfälische Wilhelms-Universität, Institut für Molekulare Mikrobiologie und Biotechnologie (Münster, DE)
2
Georg-August-Universität of Göttingen, Göttingen Genomics Laboratory (Göttingen, DE)
Members of the genus Rhodococcus have a diverse set of genetic and catabolic features. Accordingly many strains are of
great interest, especially those Rhodococci with the ability to degrade and/or transform a wide range of xenobiotic compounds.
4,4´-Dithiodibutyric acid (DTDB) is an interesting organosulfur compound with several industrial applications, particularly in the
manufacture of protein chips. Another use of this disulfide is as probable precursor substrate for the biotechnical production
of polythioester (PTE), which are microbially synthesized but non-degradable biopolymers.
R. erythropolis strain MI2 is of special interest, due to its exceptional capacity to utilize DTDB as sole carbon source for growth.
DTDB is basically a dimer of two molecules 4-mercaptobutyric acid, which is the building block of poly-4mercaptobutyric acid
(poly[4MB]). Poly(4MB) would represent a novel PTE. Consequently, the genome of R. erythropolis strain MI2 was sequenced
and is now available for further studies.
Extracted DNA was used to prepare a shotgun library for Illumina sequencing. Initial ORF-finding and annotation was done by
IMG/ER system. Transposon-induced mutagenesis using pTNR-TA carrying IS1415 was performed to unravel the catabolism
of DTDB.
The draft genome comprises approximately 7.1 Mbp and 6,788 protein-coding genes were detected. A putative function was
assigned to 5,257 (76.64%) of all predicted protein-coding sequences. The genome harbors 48 tRNA genes and two copies of
rRNA operons. The average GC-content amounts to 62.1%. The NADH::flavin oxidoreductase Nox was identified as the enzyme
that catalyzes the initial step of the DTDB-catabolism. Nox is cleaving DTDB into two molecules of 4MB, which is then further
metabolized by the cells, or could be used for the synthesis of poly(4MB) by metabolically engineered PTE-production strains.
The outcomes of this study will significantly inspire the future work with R. erythropolis strain MI2. The available genome data will
make 2D-PAGE experiments possible, and furthermore allow modifications of the genome, e.g. elimination of key enzymes of
the DTDB catabolism and/or deletion or insertion of other expedient genes, resulting in an optimized poly(4MB)-production strain.
O GENO 06
Sequence-guided bioprospecting for pathway engineering
K. L. Jones Prather1
1
Massachusetts Institute of Technology (Cambridge, US)
Biological synthesis is increasingly being pursued as an alternative to traditional organic synthesis for the production of chemical
compounds. As known biochemical pathways are transferred to non-native hosts and new pathways are designed, access to
genes encoding desired enzymatic activities with appropriately high reaction rates is often a limiting factor. In this presentation,
I will discuss our efforts to use a small amount of experimental data combined with sequence similarity networks to identify
enzyme homologues with potential utility for biosynthesis. This work will be presented in the context of microbial synthesis of
glucaric acid, a so-called “top value-added chemical” from biomass that may be useful as a building block for materials. We
previously assembled a pathway to this compound consisting of three heterologous enzymes and one endogenous activity
to convert glucose to glucaric acid in E. coli. One of these enzymes, myo-inositol oxygenase (MIOX), was found to display
approximately 10-fold lower activity than the next least active enzyme and to lose activity more rapidly. In an effort to identify
alternative genes encoding highly-active MIOX homologues, we used a sequence similarity network to group candidates present in the Pfam database. Individual enzymes from the resulting clusters were then screened experimentally and analyzed
in an attempt to identify “sequence signatures” that might guide further selection by providing an appropriate filter to narrow
additional choices for experimental testing. Our progress using this method will be presented, along with a discussion of the
potential for broader utility of this approach.
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O GENO 07
Draft genome of the filamentous soil fungus Chaetomium cochliodes reveals abundance of peroxidase and
catalase genes
M. Zamocky1,2, H. Tafer3, K. Lopandic3, K. Chovanova2, A. Kamlarova2, M. Stano2, C. Obinger1
1
BOKU, Chemistry_Biochemistry (Wien, AT)
2
Slovak Academy of Sciences, Institute of Molecular Biology (Bratislava, SK)
3
BOKU, Biotechnology (Wien, AT)
Chaetomium cochliodes CCM F-232 is a filamentous fungus from the family Chaetomiaceae, class Sordariomycetes (Fig.1)
that is closely related but not identical to Chaetomium globosum for which a draft genome was published only recently [1].
In early studies [2] it was shown that C. cochliodes can produce the antibiotics chaetomin that is highly active mainly against
Gram-positive bacteria. This prompted us to sequence the entire genomic DNA of this peculiar soil fungus.
We released a 34Mbp draft genome of Chaetomium cochliodes consisting of 7146 contigs. The average contig size was 8,252
bp and the largest contig contained 109,425 bp. We focused our screening within this genome mainly on open reading frames
coding for antioxidant enzymes: peroxidases and catalases that represent the main interest of our research [3]. Up to 17 distinct genes coding for members of various heme peroxidase superfamilies and also the heme catalase family were detected.
Additionally, very long open reading frames, coding for non-ribosomal peptide synthases apparently involved in biosynthesis
of secondary metabolites, could be identified.
We have performed a phylogenetic analysis of four heme peroxidase superfamilies and demonstrated that bifunctional catalaseperoxidase was introduced in the genomes of ascomycetes by the horizontal gene transfer from Bacteroidetes [3]. Our results
underline the importance of peroxidase and catalase gene paralogs producing antioxidant armory for the survival of this soil
fungus in harsh environments.
Our research was supported by the Austrian Funding Agency FWF with the research project P 27474 and by the Slovak Grant
Agency VEGA with grant 2/0021/14.
Figure legend: Fig.1 Chaetomium cochliodes grown on an agar plate with MPG
medium. Insets: two light microsopy photographs showing asci and hypha of
this soil fungus at 400-fold magnification.

References:
[1] Cuomo C.A., Untereiner W.A., Li-Jun M., Grabherr M., Birren B.W. (2015) Genome Announc 3:E00021-15.
[2] Geiger W.B., Conn J.E., Waksman S.A. (1944) J. Bacteriol. 48:527-536.
[3] Zamocky M., Hofbauer S., Schaffner I., Gasselhuber B., Nicolussi A., Soudi M., Pirker K.F., Furtmüller P.G., Obinger
C. (2015) Arch. Biochem. Biophys. 574:108-119.
Microbial Communities & MetaOmics
O META 01
A holistic approach to understand adaptations of prokaryotes to the harsh conditions of the Red Sea
U. Stingl1
1
King Abdullah University of Science and Technology (KAUST), Marine Science (Thuwal, SA)
How do marine bacteria adapt to a climate change and rising temperatures? The Red Sea is a harsh and poorly studied
marine environment characterized by high temperatures, high salinities, and low nutrient concentrations. In my lab, we are
interested in how microbes adapt to this peculiar environment. In order to answer this, we are using a holistic approach that
includes cultivation-independent methods (metagenomics, metatatranscriptomics, single-cell genomics) and novel cultivation
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approaches to isolate the most abundant players. A pioneering pyrotag study of 16S rRNA genes in the Northern and Central
Red Sea showed that heterotrophic SAR11 and photoautotrophic Prochlorococcus dominate the microbial communities of the
main basin, similar to results from other, less extreme, tropical oceans. High-resolution phylogenetic analyses of these groups
based on ITS sequences (and rpoC1) did not indicate the presence of Red Sea-specific ecotypes. A first metagenomic approach
showed that SAR11 populations in the Red Sea might make use of osmolites, produced by other organisms to counterbalance
the prevailing high salinities, for energy production. Red Sea Prochlorococcus seem to possess a high proportion of genes
related to DNA repair, presumably caused by high UV exposure. By using a 3D-mapping metagenomic approach, we could
show that microbes in the Red Sea do indeed adapt to the strong physicochemical gradients and environmental stressors,
and that the composition of the gene pool is actually a better predictor for adaptation than taxonomy itself, meaning that the
taxa do not change, but their genetic make-up does, adding further arguments to the ecotype concept. Single cell genomes
(SAGs) of several Prochlorococcus and SAR11 showed a high similarity, synteny, and gene overlap to reference strains, but
also possessed a relatively large number of unique genes without assigned function. Pure/axenic cultures of both groups
were isolated and the analysis of their genomes corroborated the results of the metagenomic and SAG approach. Analyses
of metatranscriptomes of the Red Sea is currently on the way and will give insights into ecotype specific gene response to
environmental stressors.
O META 02
Methanogenesis upside down: Genome analysis of an archaeon performing nitrate-dependent anaerobic oxidation of methane
C. Welte1, A. Arshad1, H. Op den Camp1, M. Jetten1
1
Radboud University, Department of Microbiology (Nijmegen, NL)
Methane oxidation is an important process to prevent emission of the greenhouse gas methane and further exacerbating of
climate forcing. Both aerobic and anaerobic microorganisms have been reported to catalyze methane oxidation with only few
substrates as electron acceptors. New microorganisms were discovered that coupled the oxidation of methane to nitrate or
nitrite reduction [1-3].
Here, we investigated such an enrichment culture on physiological, biochemical and genomic level to establish a metabolic
model of nitrate-driven anaerobic oxidation of methane (nitrate-AOM). Nitrate-AOM is catalyzed by an archaeon closely related
to methanogens. Methane may be activated by methyl-CoM reductase and subsequently undergo full oxidation to carbon
dioxide via reverse methanogenesis. All enzymes of this pathway were present and expressed in the investigated culture. The
genome of the archaeal culture encoded a variety of proteins involved in an electron transport chain similar to those found in
Methanosarcina species. Nitrate reduction seems to be located in the extracellular space and may be catalyzed by Nxr- or
Nar-like protein complexes. The enrichment culture produced mainly nitrite but also some ammonium during nitrate reduction,
presumably by the action of an extracellular Nrf enzyme. One of the key questions is how electrons from cytoplasmic reverse
methanogenesis reach the nitrate reduction enzymes in the extracellular space. We will present a tentative model, based
on genome and transcriptome studies, how electrons from reverse methanogenesis are transported to the nitrate and nitrite
reductases, thereby suggesting how central energy metabolism of nitrate-driven anaerobic oxidation of methane could work.
This work was supported by the ERC AG 339880 and the SIAM Gravitation Grant 24002002.
[1]Raghoebarsing et al. (2006) Nature 440:918-21
[2]Ettwig et al. (2010) Nature 464:543-8
[3]Haroon et al. (2013) Nature 500:567-70
O META 03
Linking enzymes properties and environmental constraints
M. Ferrer1
1
Consejo Superior de Investigaciones Científicas (CSIC), Institute of Catalysis (Madrid, ES)
Enzymes only end up in industrial processes if they comply with the industrial criteria. They included: i) harsh and broad reaction conditions such as a high substrate load (necessary to reduce the costs to be competitive), broad range of temperatures
(at least should be stable at room temperature for a period of time as also storage might be an additional issue – think in
detergent enzymes applied in warmer countries), broad range of pHs, water-deficient reaction conditions, very high solvent
concentrations (which for example might be necessary for subsequent downstream processing), and process stability (e.g.
active for 12-24 h); and ii) the high stereo-selectivity and high turnover rates (Singh et al., 2010). Clearly, novel backbones from
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metagenomes might meet these requirements. We know that environmental constraints can drive measurable and unexpected
changes in enzyme properties that are of interest for the industry. Here I discuss new discoveries related to the influence of
those factors in the reactivity and optimal parameters for activity of environmental enzymes, which will be important to find
marketable enzymes from environmental genomes.
Acknowledgments: The author gratefully acknowledges EU Horizon 2020 Program for the support of the Project INMARE
H2020-BG-2014-2634486, and the Spanish Ministry of Economy and Competitiveness for the projects BIO2011-25012,
PCIN-2014-107 (within ERA NET-IB2 grant ERA-IB-14-030) and BIO2014-54494-R.
META 04
Testing ecological theory using integrated meta-omics: Does microbial lifestyle strategy govern the levels of
within-population genetic variation?
E. Muller1, S. Narayanasamy1, N. Pinel1,2, C. Laczny1, M. Hoopmann2, L. Lebrun1, R. Hugo1, J. Schupp3, R. Moritz2
P. Keim3, P. Wilmes1
1
University of Luxembourg (Esch-sur-Alzette, LU)
2
Institute for Systems Biology (Seattle, US)
3
TGen North (Flagsaff, US)
Microbial communities are complex and dynamic systems, whose structures are influenced by stochastic-neutral processes,
but are mainly organized by resource availability and usage. High-resolution “meta-omics” offer exciting prospects to investigate
microbial populations in their native environments. In particular, integrated meta-omics, by allowing simultaneous resolution of
fundamental niches (genomics) and realised niches (transcriptomics, proteomics and metabolomics), can resolve microbial
lifestyles (generalist versus specialist lifestyle strategies) in situ.
We have recently developed the necessary wet- and dry-lab methodologies to carry out systematic molecular measurements
of microbial consortia over space and time, and subsequently analyse and integrate the resulting data at the population-level.
Here we apply these methods to oleaginous mixed microbial communities sampled from the surface of an anoxic biological
wastewater treatment tank over 51 sampling timepoints with the aim of investigating how microbial niche breadth (generalist
versus specialist lifestyle strategies) relates to different levels of within-population genetic variation (i.e. SNP density).
By integrating population-level genomic reconstructions with a time-series dataset meta-genomic, -transcriptomic and -proteomic data, we found that the main microbial generalist population is constrained in the level of genetic variation, leading to
a genetically homogeneous population likely due to fitness trade-offs. On the contrary, specialist populations exhibit higher
levels of genetic variation over time.
The integrative analysis of the aforementioned omic levels demonstrate that natural microbial population lifestyle strategies are
intricately linked to population-level genetic variation, which in turn may explain the varying degrees of within-population genetic
heterogeneity observed thus far in metagenomic datasets. Elucidating the exact mechanism driving fitness trade-offs, e.g.,
antagonistic pleiotropy or others, will require additional integrated omic datasets to be generated from different environments.
O META 05
Metagenomics at the next level: Using long reads for accessing taxonomy and functions of microbial mat communities
R. Daniel
1
Georg-August-University of Göttingen, Department of Genomic and Applied Microbiology (Göttingen/DE)
Microbial mats are the best existing examples to study early life on Earth, as their fossil counterparts, stromatolites, could
be dated back to approximately 3.5 Ga. In general, microbial mats are vertically multilayered carpets of microbial assortments including specialized consortia of Bacteria, Archaea, and Eukarya that are embedded in self-produced extracellular polymeric substances. Major functional groups in the microbial mats are photolithoautotrophs, aerobic/anaerobic
heterotrophs, fermenters, sulfide oxidizers, and methanogens.
In this study, microbials mat of the evaporitic, hypersaline Lake 21 located on Kiritimati atoll (Republic of Kiribati, Central
Pacific) were investigated. These unique mineralizing mats are associated with the formation of decimeter-thick reticulate
microbialites. These mats are excellent model systems to analyze the high complexity of microbial mat communities due
to well-laminated mat layers, which allow high resolution spatial profiling. We investigated the bacterial and archaeal communities in nine different layers collected from microbial mats of the hypersaline Lake 21 by metagenomic approaches.
Amplicon-based microbial community analysis revealed highly diverse microbial communities along the vertical stratification of the mat, which mirror the micro-environmental properties such as oxygen level and light intensity. The prokaryotic
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diversity increased with depth. In addition, many detected microbial taxa showed similarities to 16S rRNA gene sequences
of so far uncultured organisms, suggesting the presence of novel species and metabolic traits in this habitat (Schneider
et al., 2013). To shed light on the metabolic potential of these organisms and the microbial communities in the different
layers direct metagenome sequencing employing long-read technology was applied. Subsequently, sequence-based
analysis of microbial community functions and structures, and genome reconstruction of uncultivated microorganisms
from the recovered complex metagenomic datasets were performed by adapting binning and assembly approaches to
long metagenomic reads.
Reference:
Schneider D, Arp G, Reimer A, Reitner J, Daniel R (2013) Phylogenetic analysis of a microbialite-forming microbial mat
from a hypersaline lake of the Kiritimati Atoll, Central Pacific. PLoS ONE 8:e66662
O META 06
Metaproteomics - novel insights into old questions in medical microbiology & microbial ecology
K. Riedel1
1
Ernst-Moritz-Arndt-University of Greifswald, Institute of Microbiology (Greifswald, DE)
Metaproteomics, implying the assignment of proteins directly recovered from an environment to specific phylogenetic
and functional groups, has a great potential to provide essential new insights into the physiology and host-adaptation of
human pathogens/commensals and the impact of microbial diversity on ecosystem functioning. Metaproteomics allows the
qualitative and quantitative assessment of the protein complement of an environment at a given time point ranging from
simple protein cataloguing to comparative and quantitative proteomics analyses, and even the determination of amino acid
sequences and genotypes, e.g. by strain-resolved proteogenomics. This talk will illuminate challenges and perspectives
of current metaproteomics research, starting with an introduction into an appropriate experimental design and state-ofthe-art metaproteomics methodologies. The enormous potential of this emerging technology will then be exemplified by
recent studies in which metaproteomics has been employed (I) to elucidate bacterial community structure and function
of multispecies uropathogenic catheter biofilms as well as host-pathogen interactions during catheter-associated urinary
tract infections and (II) to unravel the contribution of the bacterial lichen microbiome to the symbiotic community. A brief
outlook on future developments and concluding remarks assisting the audience to develop successful concepts for their
own metaproteomics studies will close the talk.
O META 07
Deep metagenome and metatranscriptome analyses for biogas-producing microbial communities from
agricultural biogas plants
A. Schlüter1, A. Bremges2, Y. Stolze1, M. Rumming2, I. Maus1, A. Pühler1, A. Sczyrba2
1
Bielefeld University, Institute for Genome Research and Systems Biology, Center for Biotechnology (Bielefeld, DE)
2
Bielefeld University, Computational Metagenomics Group, Center for Biotechnology (Bielefeld, DE)
Biogas is an important part within the portfolio of renewable energies. It is produced by complex anaerobic microbial
communities from biomass. The final product of the process, namely methane-rich biogas, usually is combusted for the
generation of electricity and heat. Although utilization of crop plant silages as substrates for biogas production is discussed controversially, the biomass-to-energy concept generally is regarded as environmentally friendly and features
a favorable carbon dioxide balance. In particular, conversion of organic wastes and agricultural residual products for
biogas production helps to prevent wastes and is beneficial since valuable products are synthesized. A better understanding of the underlying microbiology related to biogas communities is the key for optimization and improvement of
the process.
In this study, deep metagenome and metatranscriptome analyses were conducted to analyze taxonomic and functional
profiles of four production-scale biogas plants in Germany. In the frame of the Joint Genome Institute’s (JGI) Community
Sequencing Program (CSP), metagenome sequencing applying the Illumina platforms resulted in 32.69 billion reads amounting to 403 Gbp of total sequence information whereas the corresponding metatranscriptomes comprise 1.97 billion reads
with 290 Gbp total sequence information. Taxonomic profiling revealed core community members but also distinctive taxa
that are characteristic for certain biogas plants were identified. A thermophilic biogas process within this study e.g. features
a high abundance of members of the phylum Thermotogae. Approximately, 1.6 million genes were predicted on the total
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metagenome assembly (1.5 Gbp) covering all four metagenomic datasets. Contigs representing distinctive taxa for specific
biogas communities were exploited to deduce functional information and thus predict the functional role of so far unknown
taxa within the biogas process. Moreover, the metatranscriptome datasets provide information on actively transcribed genes
within the community and therefore allow conclusions on the performance of specific community members in response to
critical process parameters. Accordingly, the presented datasets represent a valuable reference for further studies addressing
functional roles of beneficial and dominant biogas community members.
O META 08
A defined mouse microbiota community to investigate host-microbiota-pathogen interaction in the gut
B. Stecher 1,2
1
LMU München, Max von Pettenkofer-Institut (München, DE)
2
LMU München, German Center for Infection Research (DZIF) (München, DE)
Enteric infections are the result of the interplay of a pathogen, the gut microbiota and the host´s mucosal defenses, which
is insufficiently understood. This is mainly attributable to the highly complex microbiota, including more than 500 species
in a healthy host, which influences - and is influenced - by each of the two other players. Intestinal colonization by the
human pathogen Salmonella enterica serovar Typhimurium (S. Tm) is counteracted by a healthy microbiota (`colonization resistance´). Antibiotics can disrupt the microbiota and increase susceptibility to infection. After oral ingestion, S. Tm
overcomes colonization resistance and grows to high titers (expansion phase). Subsequently, S. Tm invades mucosal
tissues and triggers acute gut inflammation. Inflammation induces microbiota dysbiosis and leads to S. Tm overgrowth or
“blooming”. After infection is cleared, microbiota composition reverts to the normal state (resilience). We have established a
reductionist gnotobiotic mouse model to study the different phases of S. Tm infection. We employ a defined, mouse-derived
bacterial community, the Oligo
Mouse Microbiota (Oligo-MM). The Oligo-MM consists of 12 sequenced mouse-adapted strains including representatives of
five major eubacterial phyla of the murine gut (Firmicutes, Bacteroidetes, Actinobacteria, Verrucomicrobia and Proteobacteria).
We generated gnotobiotic mice, stably colonized by the Oligo-MM. In the first days after oral S. Tm infection, we observe a
pathogen expansion phase. At later infection stages, Oligo-MM mice develop colitis and display pathogen “blooming” and
dysbiosis. We studied the fate of S. Tm and each of the individual members of the Oligo-MM consortium using a strain-specific
real-time PCR assay. Using this reductionist model and parallel in vitro and in silico studies, we envision extending the current knowledge on microbiota-mediated resistance to infection and inflammation-inflicted dysbiosis. This might eventually
contribute to the development of new therapies to prevent pathogen “blooming” and collateral damage of the gut microbiota.
O META 09
In-situ Protein-SIP in a constructed wetland model system reveals active bacterial families and the major
metabolic routes of toluene degradation
V. Luensmann1,2, U. Kappelmeyer2, R. Benndorf2, H. J. Heipieper2, J. A. Müller2, M. Kästner2, M. von Bergen1,3
N. Jehmlich1
1
Helmholtz-Centre for Environmental Research-UFZ, Department of Proteomics (Leipzig, DE)
2
Helmholtz-Centre for Environmental Research-UFZ, Department of Environmental Biotechnology (Leipzig, DE)
3
University of Aalborg, Denmark, Department of Biotechnology, Chemistry and Environmental Engineering
(Aalborg, DK)
Introduction: Constructed wetlands are economical and efficient options for the treatment of wastewater. Organic pollutants are mainly degraded by microorganisms in the rhizosphere. Plants provide oxygen and organic exudates via
their roots and thereby stimulate microbial degradation activity. Despite the favourable removal processes and treatment
performance of constructed wetlands, the understanding of the molecular processes is still limited.
Objectives: We investigated microbial toluene degradation in a constructed wetland model system. Our objective was to
identify toluene-degrading key members of the microbial community and to elucidate their respective catabolic pathway(s).
Materials and Methods: Microbial toluene degradation was investigated by a pulsed protein-SIP[1] experiment in combination
with metaproteomics and 16S rRNA gene sequencing in a lab-scale constructed wetland model system[2]. The degradation
of 13C-toluene was monitored over 50 h and samples were taken to examine the dynamics of toluene degradation. Abiotic
process parameters such as redox potential, oxygen concentration and pH were acquired continuously.
Results: The rhizospheric bacterial community was complex and numerically dominated by Rhizobiales and Burkholderiales,

6th European Conference on Prokaryotic and Fungal Genomics

43

Oral Presentations
which contributed each about 20% to total taxon abundances. Notably, metaproteome and protein-SIP data revealed that
Burkholderiaceae were main degraders of toluene in the wetland system. To a lesser extent, Comamonadaceae were
also involved in toluene degradation. Thus, while the system was mostly hypoxic, toluene was preferentially degraded by
aerobic processes. The initial degradation steps were apparently catalysed by para ring-hydroxylating monooxygenases
which are known to be predominant under oxygen limiting conditions.
Conclusion: A deeper insight into the molecular processes of toluene degradation was achieved by combining functional
and taxonomic information. Our study is a promising proof of concept for future investigations of rhizospheric ecosystems
degrading organic pollutants.
1. Jehmlich, N., et al., Protein-based stable isotope probing. Nat. Protocols, 2010.
2. Kappelmeyer, U., et al., Operation of a Universal Test Unit for Planted Soil Filters - Planted Fixed Bed Reactor. Engineering in Life Sciences, 2002.
O META 10
Plant-specific responses of bacterial endophytic communities towards grassland management regimes
F. Wemheuer1, B. Wemheuer2, S. Herzog2, D. Kretzschmar1, R. Daniel2, S. Vidal1
1
Department for Crop Sciences, Agricultural Entomology (Göttingen, DE)
2
Institute of Microbiology and Genetics, Genomic and Applied Microbiology (Göttingen, DE)
Although the major role of endophytic bacteria in agricultural cropping systems is highly appreciated, the close relationships
between these bacteria, plant species, and management regimes are not fully understood. The aim of this study was to
assess changes of bacterial endophytic community structures in three agricultural important grass species in response
to different fertilizer and mowing treatments.
Aboveground plant material was collected over two consecutive years. Endophytic community structures were studied by
pyrotag sequencing targeting the 16S rRNA gene. More than 50,000 high-quality bacterial 16S sequences were obtained
and used for community analysis. Functional profiles were predicted from obtained 16S rRNA data to exploit differences
between the plants and the applied management regimes.
Endophytic bacteria were mainly represented by six abundant phyla. Proteobacteria were predominant across all samples,
followed by Firmicutes and Actinobacteria. Of the 1,885 calculated operational taxonomic units (OTUs), 513 were present
in all grass species. This core community constituted 86.43% of all analyzed sequences. Fertilizer application resulted
in plant-specific responses of endophytic communities. Not only community structures but also bacterial richness was
affected by mowing and fertilizer regimes. Moreover, functional changes between the plants were observed.
The results suggest that the recorded changes in bacterial endophytic communities are primary caused by changes in
the soil bacterial community surrounding the plants as most of the detected OTUs were present in all grasses. In addition, the applied management regimes may directly influence endophytic communities through the modification of plant
physiology as plant-specific responses towards fertilizer application were visible. This study provides a unique insight into
structural and functional changes of endophytic communities in three grass species in response to management regimes.
Systems Biology & Single Cell Genomics
O SYS 01
The genomic landscape of compensatory evolution
C. Pal1
1
Biological Research Center, Synthetic and Systems Biology Unit (Szeged, HU)
While core cellular processes are generally conserved during evolution, the constituent genes differ somewhat between related
species with similar lifestyles. Why should this be so? In this work, we propose that gene loss may initially be deleterious, but
organisms can recover fitness by the accumulation of compensatory mutations elsewhere in the genome. To investigate this
process in the laboratory, we investigated 180 haploid yeast strains, each of which initially displayed slow growth owing to the
deletion of a single gene. Laboratory evolutionary experiments revealed that defects in a broad range of molecular processes
can readily be compensated during evolution. Genomic analyses and functional assays demonstrated that compensatory
evolution generates hidden genetic and physiological variation across parallel evolving lines, which can be revealed when the
environment changes. Strikingly, despite nearly full recovery of fitness, the wild-type genomic expression pattern is generally
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not restored. Based on these results, we argue that genomes undergo major changes not simply to adapt to external conditions but also to compensate for previously accumulated deleterious mutations.
O SYS 02
Survey of vitamin B12 synthesis and dependence in the bacterial kingdom
J. U. Kudahl1, A. Smith1
1
University of Cambridge, Department of Plant Sciences (Cambridge, GB)
Introduction: Cobalamin, or vitamin B12 (B12), a cobalt containing corrinoid ring, is an essential cofactor for several enzymes,
such as methionine synthase and ribonucleotide reductase. Its synthesis, involving over 20 enzyme-catalysed steps, is
known to be present only in a subset of bacteria, but dependence on an external supply of B12 is widespread and present all
across all branches of the tree of life, including bacteria. However, few attempts have been made to quantify the prevalence
of these characteristics.
Method: We have carried out a comparative genomics analysis to quantify the prevalence of both B12 de novo synthesis and
B12 dependent enzymes in bacteria. We combined expert curated protein sequences for the enzymes of interest with translated
genomes from 4202 bacterial species to identify presence or absence of more than 50 enzymes based on sequence homology. Based on the presence or absence of these enzymes we have categorised each bacterial species as either ‘producer’
or ‘non-producer’. To validate this method we compared our predictions with experimental data on several B12 synthesising
bacteria from literature and from our own experiments.
Results and Conclusion: The comparison between our comparative genomics data and the experimental data showed that
it is possible to correctly identify B12 synthesis capabilities for a large range of species using comparative genomics. Further,
we showed that 1523 of 4202 (36.2%) bacterial species are likely to synthesis B12. We divided the species into taxonomical
groups and showed that the frequency varies greatly between groups. For cyanobacteria we predict that 114/123 species are
able to synthesise B12, while for Bacteroidetes, which are common human gut bacteria, only 66/398 species are predicted
to have this trait (Fig1). We found that 40.9% of all the species analysed have a B12 dependent methionine synthase (metH)
and no B12 independent methionine synthase (metE). This means that at least 40.9% of all sequenced bacteria require B12
for their metabolism to function. Of the 1718 species using B12 in their metabolism, 822 of them are able to synthesise B12
de novo, while the remaining 896 (21.3% of the total) species are depend on uptake of B12 or a precursor produced by other
prokaryotes for their metabolism.

Figure 1
O SYS 03
Illuminating microbial dark matter in Marburg forest soil
A. K. Kaster
No abstract submitted
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O SYS 04
Reconstruction of fungal specific genetic pathway model for comprehensive pathway search
I. Takeda1,2, M. Matsui3,4, T. Yokoyama3,4, T. Kumagai4,5, G. Terai2,6, K. Nemoto4, K. Enai7, H. Saitoh7, T. Shibata3,4
K. Asai2,8, M. Machida1,4,9, S. Aburatani2
1
Tokyo University of Agriculture and Technology, Department of Biotechnology and Life Science (Tokyo, JP)
2
National Institute of Advanced Industrial Science and Technology, Biotechnology Research Institute for Drug Discovery
(Tokyo, JP)
3
Astellas Pharma Inc., Biotechnology Labs (Ibaraki, JP)
4
Technology Research Association of Highly Efficient Gene Design (Tokyo, JP)
5
Fermlab, Inc. (Tokyo, JP)
6
INTEC Inc. (Tokyo, JP)
7
in silico biology Inc. (Yokohama, JP)
8
The University of Tokyo, Graduate School of Frontier Sciences (Chiba, JP)
9
National Institute of Advanced Industrial Science and Technology, Bioproduction Research Institute (Sapporo, JP)
Introduction: Recently much information of metabolic pathway in various organisms is accumulated on some databases,
such as KEGG and SGD. In general metabolic pathway databases, chemical transformations of the principal compound
by enzymatic reactions are classified into the metabolic categories. In actual, by-products of enzymatic reaction are also
used for other enzymatic reactions within a cell. Thus it is assumed that novel pathways are revealed by pathway models
in consideration of chemical transformations of by-products.
Objectives: We reconstructed Genetic Pathway Model (GPM) for clarifying the covered pathways in the usually metabolic
pathways. To reveal the biosynthetic pathways for nonribosomal peptide (NRP) in fungal species, a specific GMP (GPM-f)
was constructed. Furthermore we developed a method to explore all possible routes.
Materials and methods: The GPM was reconstructed by the following three steps: 1), comprehensive combinations
between compounds were constructed. The combinations were created from substrate-product pairs of enzymatic reaction in the KEGG. 2), a compound pathway model (CPM) was reconstructed from the combinations. 3), the GPM were
reconstructed from the CPM. In this step, the nodes in the CPM were replaced by edges. The GPM had a structure of
graph whose nodes and edges were enzymes and compounds, respectively. The enzymes were connected by compounds
including by-products. The GPM-f was reconstructed by elimination of the nodes except for fungal species.
Results: We revealed some novel pathways between different amino acids as biosynthetic routes for NRP. For example,
Fig. 1 shows the pathways from “D-Alanine catabolic enzyme” to “D-Glutamine biosynthetic enzyme”. It is suggested
that fluctuation of D-Alanine affects the amount of D-Glutamine through these pathways. Since NRP is also composed
of D-Glutamine, the amount of NRP is increased by an increment of D-Alanine. In order to find activated pathways, gene
expression profiles and mutated gene information between specific fungal strains were mapped to the pathways.
Conclusion: We reconstructed a novel Genetic Pathway Model, which contains comprehensive interactions between
enzymatic genes. Furthermore, the mutual relationships between some amino acids were emerged for NRP biosynthesis.
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O SYS 05
The construction of 16S-based OTUs at a system-wide scale: Robustness and reproducibility
C. von Mering1
1
University of Zurich, Institute of Molecular Life Sciences (Zurich, CH)
The demarcation of operational taxonomic units (OTUs) from complex sequence data is a key step in contemporary
microbial ecology. However, as biologically motivated ‘optimal’ OTU-binning algorithms remain elusive, many conceptually distinct approaches continue to be used. Using a global data set of 887 870 bacterial 16S rRNA gene sequences,
we objectively quantified biases introduced by several widely employed sequence clustering algorithms. We found that
OTU-binning methods often provided surprisingly non-equivalent partitions of identical data sets, notably when clustering to the same nominal similarity thresholds; and we quantified the resulting impact on ecological data description for a
well-defined human skin microbiome data set. We observed that some methods were very
robust to varying clustering thresholds, while others were found to be highly susceptible even to slight threshold variations.
Using a novel benchmarking framework based on consistency of meta-annotations, we suggest ways to identify which
OTU partitioning methods may provide biologically more meaningful signals.
From Bacterial Metabolism to Genomics and beyond
O BMG 01
Bacterial metabolism in a comparative genomics (COG) perspective
M. Y. Galperin1
1
National Institutes of Health, NCBI, NLM (Bethesda, US)
For most of the 20th century, biochemical studies typically centered on a single enzyme - or a pathway - in a single model
organism. Accordingly, expansion of the list of studied organisms to include anaerobic bacteria and archaea uncovered a
variety of metabolic pathways, which have been studied by Prof. Gottschalk over the years and captured in the “Bacterial
Metabolism” textbook. After 1995, the availability of complete genome sequences validated the previous work on individual
enzymes and allowed an unbiased look at the entire metabolic network of each given organism, including identification
of “missing” enzymes. As noted on the www.gwdg.de/~ggottsc/ web site, “the basis for looking at the physiology and
biochemistry of a certain bacterial species is now genomics.”
This talk will discuss the progress in microbial genome annotation as seen through the protein family assignments in a recent
update of the Clusters of Orthologous Groups of proteins (COGs) database. We shall specifically address the emerging
trends such as (i) functional characterization of the few remaining universally conserved proteins, many of which turned
out to participate in translation, including rRNA maturation and tRNA modification; (ii) the diversity of the key metabolic
pathways stemming from numerous instances of analogous (iso-functional but non-homologous) enzyme variants; (iii)
the evolutionary history and importance of the Na+-based bioenergetics; and (iv) the abundance of “house-cleaning” (as
opposed to house-keeping) enzymes, involved in detoxification of the side products of bacterial metabolism. Finally, we
shall discuss the perspectives in characterizing the functions of the still unannotated “conserved hypothetical” proteins
and the challenges in completing the “parts list” in the best-studied genomes.
O BMG 02
Two Göttinger genome tales retold a decade later: Clostridium tetani and Propionibacterium acnes in the
postgenomic era
H. Brüggemann1
1
Aarhus University, Department of Biomedicine (Aarhus, DK)
The first genome of the causative agent of tetanus, Clostridium tetani, was decoded in Göttingen in 2003. A decade later
we still have relatively little genomic information about this species. To assess genome variability, additional genomes of
clinical C. tetani strains were recently sequenced and compared. All genomes comprise tetanus-toxin-encoding plasmids
that substantially differ among the strains. In contrast, the chromosomes share a large core genome that contains about
85% of all genes of a given chromosome. The non-core chromosome comprises mainly prophage-like genomic regions
and genes encoding environmental interaction and defense/fitness functions. First attempts in transcriptome analysis
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identified the active part of the genome, which should help decipher the complex regulatory circuit that governs toxin
expression. The first genome of the human skin microorganism Propionibacterium acnes was decoded in Göttingen in
2004. Since then over 100 new P. acnes genomes were sequenced, mainly in the course of the human microbiome project,
resulting in a detailed map of the pan-genome of this species. Determination of the population structure of P. acnes led
to the discovery that strains isolated from acne-affected skin or medical-device infections often differ phylogenetically
from health-associated strains.
Despite the extensive insight into its genome and its diversity, we still have not much learned regarding P. acnes’ function
on the human body. New findings highlighted host-interacting properties and a possible health-beneficial role of P. acnes
as well as the bacterial interferences within skin microbial communities.
O BMG 03
Small non-coding RNAs newly identified players in nitrogen regulation of Methanosarcina mazei strain Gö1
R. A. Schmitz1
1
University of Kiel, Institute for General Microbiology (Kiel, DE)
The recent discovery of an increasing number of large and small non-protein-coding RNAs with specific regulatory functions found in all three domains of life has significantly changed the view of gene expression and gene regulation. As yet
little is known on regulatory roles of sRNAs in the domain of Archaea. The archaeal model organism Methanosarcina
mazei strain Gö1 is a representative methanoarchaeon of significant ecological importance due to its role in biogenic
methane production in various anaerobic habitats on Earth and is able to fix molecular nitrogen (Deppenmeier et al.
2002). A genome-wide RNA-seq approach investigating cDNA-libraries derived from cells grown with ammonium or under
nitrogen limiting conditions resulted in the discovery of 248 sRNAs, of which 18 were regulated in response to nitrogen
availability (Jäger et al. 2009).
One of those (sRNA154) is highly induced under nitrogen limitation and has been shown to be under direct control of the
global nitrogen transcriptional regulator NrpR. Characterizing the respective chromosomal deletion mutant demonstrated
a growth phenotype under nitrogen-limiting conditions (Ehlers et al. 2011), strongly indicating that sRNA154 plays a role in
the regulation of nitrogen metabolism. The second sRNA (sRNA41) is highly induced under nitrogen sufficiency. In order to
identify target genes a computational target prediction using the tool IntaRNA (Busch et al. 2008) as well as a genome-wide
proteome and transcriptome analysis of the respective mutants compared to the wild type were performed. The identified
targets and proposed regulatory mechanisms will be discussed.
References: Deppenmeier U, Johann A, Hartsch T, Merkl R, Schmitz RA, Lienard T, Henne A, Martinez-Arias R, Wiezer
A, Jacobi C, Brüggemann H, Christmann A, Bäumer S, Bömeke M, Steckel S, Bhattacharyya A, Lykidis A, Overbeek R,
Klenk H-P, Gunsalus RP, Fritz H-J, Gottschalk G (2002). The genome of Methanosarcina mazei: evidence for lateral gene
transfer between Bacteria and Archaea. J. Mol. Microbiol. Biotechnol. 4, 453 - 461.
Jäger D, Sharma CM, Thomsen J, Ehlers C, Vogel J, Schmitz RA (2009) Deep sequencing analysis of the Methanosarcina
mazei Gö1 transcriptome in response to nitrogen availability. Proc. Natl. Acad. Sci. USA, 106, 21878-21882.
Ehlers C, Jäger D, Schmitz, RA (2011) Establishing a markerless genetic exchange system for Methanosarcina mazei
strain Gö1 for constructing chromosomal mutants of small RNA genes, Archaea (2011) 439608. Article ID 439608, 7 pages.
Busch A, Richter AS, Backofen R (2008). IntaRNA: efficient prediction of bacterial sRNA targets incorporating target site
accessibility and seed regions. Bioinformatics 24: 2849-56.
Global Gene Regulation & Proteome Dynamics
O GLOB 01
Complexity and functions of the non-coding transcriptome in bacteria
W. Hess1
1
University of Freiburg, Faculty of Biology, Institute for Biology III (Freiburg, DE)
Non-coding RNAs play an important role in post-transcriptional regulation in bacteria. Although many of them are highly
expressed, their functions frequently have remained elusive. In order to facilitate their functional analysis, double comparative approaches (comparing one or several different but closely related strains under a set of identical conditions) together
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with the definition of transcriptional units and large scale prediction of regulatory targets can be an efficient strategy. This
approach is illustrated by data from the analysis of the two closely related cyanobacteria Synechocystis PCC 6803 and
PCC 6714. With the availability of these data, new genes with interesting expression patterns can easily be identified
and associated with a potential regulatory function. This is well illustrated by the prominent sRNA PsrR1 (photosynthesis
regulatory RNA 1) that is strongly induced under high-light and regulates several genes for photosynthetic proteins. Other
sRNAs showed a strong induction upon nitrogen (NsiR4, Nitrogen stress induced RNA 4) or iron depletion (IsaR1, Iron stress
activated RNA 1) consistent with their regulatory role under these conditions. Additionally, information about promoters and
operon structures provided by genome-wide TU maps improves our knowledge of the bacterial transcriptional landscape
and facilitates the analysis of complex arrangements like excludons and actuatons, previously unknown transcript types.
O GLOB 02
An integrated ‘omics analysis of polysaccharide perception in the filamentous fungus Neurospora crassa
J. P. Benz1
1
TU München, Holzforschung München (Freising-Weihenstephan, DE)
The development of carbon-neutral energy systems is a major challenge of our time. Due to their active role in biomass
mineralization, filamentous fungi are an indispensable part of the global carbon cycling, and are of great economic
importance as sources of industrial enzymes used for polysaccharide hydrolysis of renewable feedstocks in 2nd generation biofuel refinery and specialty chemical production processes. However, rational engineering of filamentous fungi for
improved plant cell wall deconstruction is hampered by incomplete knowledge of the regulatory and metabolic networks
under various nutritional conditions. Holistic, systems-level analyses are the best way to achieve a sufficient knowledge
base and predictive power for targeted strain bioengineering. The filamentous ascomycete Neurospora crassa is ideally
suited for this kind of analysis since it is not only a well-known model system for eukaryotic cell biology and genetics,
but also shows robust growth on lignocellulosic material. Leveraging the genomic resources for N. crassa, we initiated
a large-scale study elucidating the transcriptional responses of N. crassa to nutritional variations. In combination with a
proteomics approach, this integrated analysis of fungal carbon perception has already allowed the identification of several
novel factors to take part in specific plant cell wall degradation processes as well as the construction of metabolic maps
and regulatory networks going well beyond what was possible so far. Furthermore, based on these data, gene annotations could be validated on a genome-wide scale, and, by extension, the genomes of numerous filamentous fungi being
sequenced at the moment.
O GLOB 03
Operon structure and co-translational subunit association facilitate protein assembly in bacteria
Y. Shieh1,2, J. Auburger1,2, P. Minguez3, P. Bork3, G. Kramer1,2, B. Bukau1,2
1
Center for Molecular Biology of the University of Heidelberg (ZMBH), (Heidelberg, DE)
2
German Cancer Research Center (DKFZ), DKFZ-ZMBH Alliance (Heidelberg, DE)
3
European Molecular Biology Laboratory (Heidelberg, DE)
The majority of cellular proteins assembles into oligomeric complexes to carry out biological functions. Assembly is
generally assumed to occur post-translationally by random collision of diffusing subunits. We challenged this hypothesis by proof-of-principle experiments, investigating the assembly of heterodimeric bacterial luciferase in engineered
E. coli strains encoding shuffled luciferase operons. In vivo FRET and activity measurements show luciferase assembly
occurs locally from subunits translated from polycistronic mRNAs and drops in efficiency if subunits are translated from
separate mRNAs. Selective ribosome profiling experiments furthermore demonstrate assembly initiates co-translationally
through association of one luciferase subunit with the nascent chain of the other subunit, in a process affected by the
ribosome-associated chaperone trigger factor. In a subsequent approach we tested whether co-translational protein
assembly is a general phenomenon in E. coli. Out of five different complexes of E. coli proteins tested, four assemble
co-translationally, and the lack of co-translational association in the fifth case is due to features of the subunit interface.
Conceptually our data imply that, in addition to regulation of gene expression, gene organization in operons can facilitate
localized protein assembly that starts co-translationally. This eliminates the need for diffusion-driven random search and
stochastic encounters of unassembled subunits, which increases the efficiency of protein assembly in bacteria.
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O GLOB 04
In silico target profiling reveals small regulatory RNA functions in Bacillus subtilis
R. A. T. Mars1, P. Nicolas1, E. L. Denham1, J. M. van Dijl1
1
University Medical Center Groningen, Medical Microbiology (Groningen, NL)
Introduction: Small regulatory RNAs (sRNAs) are bacterial post-transcriptional regulators that act by complementary
base-pairing to modulate mRNA stability or translation. Studies in Gram-negative bacteria have been greatly facilitated
by focusing on Hfq-interacting RNAs. However, the RNA chaperone Hfq is apparently dispensable for sRNA regulation
in Gram-positive bacteria, where many putative sRNAs have also been identified.
Aim: The present study was aimed at providing new leads for the functional analysis of 63 selected sRNAs from the
Gram-positive soil bacterium Bacillus subtilis.
Methods: Our extensive target predictions involved evolutionary conservation analyses of both sRNAs and their predicted
targets, target enrichment analyses on these predictions, two expression correlation analyses computed over a 104-condition expression space, and a selection of those sRNA-mRNA pairs that are co-expressed.
Results: The validity of the various predictions was tested with experimental data on a variety of sRNAs, especially RnaC/
S1022 which was shown to modulate the expression of the transition state regulator AbrB.
Conclusion: - We conclude that the results of our present analyses will give direction to further functional studies on the
sRNAs of B. subtilis, as will be underpinned with a few illustrative examples.
O GLOB 05
Quantifying proteome dynamics in Mycobacterium tuberculosis with SWATH mass spectrometry
O. T. Schubert1, C. Ludwig1, M. Kogadeeva1, M. Zimmermann1, G. Rosenberger1, M. Gengenbacher2,3, L. C. Gillet1
B. C. Collins1, H. L. Röst1, S. H. E. Kaufmann2, U. Sauer1, R. Aebersold1,4
1
ETH Zurich, Department of Biology, Institute of Molecular Systems Biology (Zurich, CH)
2
Max Planck Institute for Infection Biology, Department of Immunology (Berlin, DE)
3
National University of Singapore, Department of Microbiology, Yong Loo Lin School of Medicine (Singapore, DE)
4
University of Zurich, Faculty of Science (Zurich, CH)
Life science research faces an increasing demand for absolute quantification of biomolecules to determine the molecular
composition of a cell and to support mathematical modelling of biochemical processes. Here, we implemented a universally
applicable, label-free strategy to estimate absolute cellular protein concentrations on a proteome-wide scale based on
SWATH mass spectrometry. We applied this strategy to study proteomic reorganisation in the human pathogen Mycobacterium tuberculosis during exponential growth, hypoxia-induced dormancy and resuscitation. The resulting data set
covering >2000 proteins reveals how protein biomass is distributed among cellular functions and dynamically remodelled
in response to hypoxic stress. We found that the DosR regulon contributes 20% to the entire cellular protein content
during dormancy, whereas the fraction of ribosomal proteins remains largely unchanged at 5-7%. Knowledge of protein
copies/cell furthermore allowed us to translate effects of protein regulation into changes in maximal enzymatic reaction
velocities, enhancing our understanding of metabolic adaptations.
O GLOB 06
The choreography of transcription in Salmonella
J. C. D. Hinton1
1
University of Liverpool, Institute of Integrative Biology (Liverpool, UK)
Bacterial transcriptional networks typically consist of hundreds of transcription factors and thousands of promoters.
However, the true complexity of transcription in a bacterial pathogen remains to be established. We devised a suite of 22
different environmental conditions that reflect the pathogenic lifestyle of Salmonella enterica serovar Typhimurium strain
4/74 during infection of a host, and used RNA-seq to generate a compendium of Salmonella gene expression. Individual in
vitro conditions stimulated characteristic transcriptional signatures, and the suite of 22 conditions induced expression
of 86% of all S. Typhimurium genes. The data can be accessed at http://tinyurl.com/HintonLabSalCom. We hope that
this database of environmentally-controlled expression of every transcriptional feature of S. Typhimurium will be a useful
resource for the bacterial research community.
We found that the transcription of the majority of the 3825 S. Typhimurium promoters is environmentally-responsive.
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I will discuss the environmental conditions that stimulate expression of the Salmonella pathogenicity islands and the 280
small RNAs of S. Typhimurium. Finally, I will discuss unpublished data that describes the primary transcriptome of S.
Typhimurium during infection of murine macrophages.
O GLOB 07
Complete proteome discovery in prokaryotes: insights based on integrative analysis of genomics,
transcriptomics & proteomics data
U. Omasits1, M. Quebatte2, D. Stekhoven3, A. Ravikumar4, A. Wicki4, D. Melidis4, C. Fortes5, A. Patrignani5
B. Roschitzki5, J. Frey4, M. Robinson6,3, B. Wollscheid1,7, C. Dehio2, C. Ahrens4,6
1
Institute of Molecular Systems Biology (Zürich, CH)
2
Biozentrum (Basel, TJ)
3
Institute of Molecular Life Sciences (Zürich, CH)
4
Agroscope, Institute for Plant Production Sciences (Wädenswil, CH)
5
Functional Genomics Center Zurich (Zürich, TW)
6
SIB - Swiss Institute of Bioinformatics (Zürich, CH)
7
D-HEST (Zürich, CH)
Large advances in functional genomics technologies have enabled the description of complete transcriptomes with RNASeq. In contrast, the study of complete proteomes has largely lagged behind. We present here a generic strategy (Figure 1)
to describe complete, condition-specific expressed prokaryotic proteomes using Bartonella henselae as a model system1.
Applying this strategy under two conditions that mimic interaction of B. henselae with its major hosts led to the description
of a - to our knowledge for the first time- complete membrane proteome, including expression evidence for all members
of the VirB/D4 type IV secretion system (T4SS). It provided insights into the pronounced reorganization of the membrane
proteome, and indicated that several of the VirB/D4 T4SS members were regulated at the post-transcriptional level.
Integration of genome, transcriptome and proteome data provided insights into both over- and under-prediction of true
protein-coding ORFs.
This unique dataset was further exploited to assess transcript and protein expression based on the actual genome sequence
assembled from PacBio long reads. Importantly, it allowed us to determine the predominant subcellular localization of
more than 90% of the expressed proteins2 and to develop a software to predict the best-suitable peptides for targeted
quantitative proteomics3. The implications for the targeted analysis of mixed host and pathogen proteomes or of complete
surfaceomes under various conditions will be discussed.
Figure 1. Generic workflow to achieve complete proteome coverage in prokaryotes
References:
1. Omasits U et al, Genome Research 2013, 23:1916-1927.
2. Stekhoven DJ, Omasits U et al., J Proteomics 2014, 99:123-137.
3. Qeli E, Omasits U, et al., J Proteomics 2014, 108:269-283.
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O GLOB 08
Regulatory networks governing Candida albicans colonization of the mammalian host
J. C. Perez1,2
1
University Hospital Würzburg, Interdisciplinary Center for Clinical Research (Würzburg, DE)
2
University Würzburg, Institute for Molecular Infection Biology (Würzburg, DE)
The fungus Candida albicans thrives in multiple niches of the human body. It lives as a harmless commensal in our
gut but can also proliferate in the skin, genitourinary tract and in virtually every internal organ. The colonization of such
variety of tissues likely demands from C. albicans a high degree of flexibility to acquire and process diverse sources of
nutrients as well as to escape immune surveillance. To dissect the gene network that underlies this trait, we have used
a combination of full-genome molecular biology methods with genetic screens in mouse models that recapitulate niches
where C. albicans proliferate. This strategy has allowed us to identify regulators, circuits, and target genes needed explicitly
for C. albicans to colonize different niches of mammalian hosts. Our results are revealing multiple biological functions
necessary for C. albicans to inhabit a mammalian host. Prominent among these functions are the generation of energy
from multiple sources and the ability to adjust the cell surface composition. These findings highlight common challenges
faced by bacterial and eukaryotic (fungal) species when colonizing the mammalian host and illustrate how evolution has
tinkered with the C. albicans regulatory circuitry to meet these demands.
O GLOB 09
High resolution transcriptome sequencing for deciphering regulatory networks in Actinobacteria
A. Albersmeier1, T. Busche1, A. Al-Dilaimi1, A. Mentz1, A. Neshat1, A. Winkler1, C. Rückert2, J. Kalinowski1
1
Bielefeld University, Center for Biotechnology (Bielefeld, DE)
2
Massachusetts Institute of Technology, Department of Biology (Cambridge, US)
Introduction: The analysis of transcriptomes has been revolutionized by next-generation sequencing technologies. We
and others have developed methods and tools to generate and sequence transcriptome (cDNA) libraries from bacteria1,2.
These short-read sequence data deliver single-nucleotide resolution and a superior way to quantify all cellular transcripts.
Results: The methods developed were successfully applied on different microorganisms, including bacteria and archaea.
In the presentation, examples will be presented from different Actinobacteria of biotechnological relevance, namely
Corynebacterium glutamicum and related species. As a speciality, our methods allow a full resolution of 5’- and 3’-ends
of transcripts by using enzymatic treatment of mRNA and specific adaptors. The methods are suitable to generate ‘transcriptome landscapes’ and useful for creating a superior genome annotation. The genome-wide measurement of transcript
levels by transcriptome sequencing was found to outperform microarray analyses by far, due to a higher reproducibility
and a much higher dynamic range of measurement.
Conclusion: The presentation will present examples of the comprehensive identification and characterization of transcriptional elements, including promoters and novel small RNAs, as well as quantitative analyses.
References:
1
Mentz A, et al. (2013) BMC Genomics. 14:714.
2
Pfeifer-Sancar K, et al. (2013) BMC Genomics. 14:888.
O GLOB 10
Global proteome expression analysis in pathogen bacteria - from the proteome inventory to the understanding
of bacterial physiology and virulence
D. Becher1
1
Ernst-Moritz-Arndt University Greifswald, Institute for Microbiology (Greifswald, DE)
During the last decade, a rapid development of methods and techniques can be observed in the field of proteomics.
Because of their low complexity, bacteria are extremely attractive model systems to test such newly developed methods.
Despite the fact that 2D gel based proteomics is still a useful approach to gain a global view of bacterial physiology,
many proteins escape detection by gel-based proteomics. Thus, it is not surprising that especially mass spectrometry
based proteomics had a great impact on bacterial proteomics. Through the parallel implementation of gel based and
gel free approaches the maximal potential of recent technologies can be utilized. Therefore, we apply state of the art
methods for identification and quantification. Newly developed methods are used to enlarge the coverage of accessible
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proteins. Analysing the single subproteomes from the cytosol, via the membrane proteins up to the surface associated
and extracellular proteins we could show that almost the entire set of proteins of a model bacterium can be identified
and even quantified by a combination of these techniques. The application of new MS-based analysis methods allow for
higher throughput enabling time resolved analyses of dynamic changes in the proteome expression. Therefore, time line
experiments complete our studies to target these dynamic changes of the proteome and to get deeper insight into the
cell physiology of bacteria especially under infection related conditions. Proteomics methods and their applications will
be presented to demonstrate the power of proteome analysis.
References:
• Becher D, et al. A proteomic view of an important human pathogen - towards the quantification of the entire Staphylo
coccus aureus proteome. PLoS One. 2009, 4(12):e8176
• Otto A, et al. Systems-wide temporal proteomic profiling in glucose-starved Bacillus subtilis. Nat Commun. 2010,1(9):137
• Maass S, et al. Efficient, global-scale quantification of absolute protein amounts by integration of targeted mass
spectrometry and two-dimensional gel-based proteomics. Anal Chem. 2011, 83(7):2677-2684
• Buescher JM, et al. Global network reorganization during dynamic adaptations of Bacillus subtilis metabolism. Science.
2012, 335(6072):1099-103
• Bonn F, Bartel J, Büttner K, Hecker M, Otto A, Becher D. Picking vanished proteins from the void: how to collect and
ship/share extremely dilute proteins in a reproducible and highly efficient manner. Anal Chem. 2014 5;86(15):7421-7.
Functional Genomics of C. difficile Infections
O FGCD 01
Structure, up-take and functions of Clostridium difficile toxins
K. Aktories1
1
Albert-Ludwigs-University Freiburg, Institute of Experimental and Clinical Pharmacology and Toxicology (Freiburg, DE)
Clostridium difficile infection is the cause of antibiotic-associated diarrhea and pseudomembranous colitis. The pathogen produces
at least 3 protein toxins. Major virulence factors are the protein toxins TcdA and TcdB, which both inactivate Rho GTPases by
glucosylation. These large single chain toxins consist of at least 4 domains (ABCD model). While the N-terminal A-domain possesses
glucosyltransferase activity, the B-domain is C-terminally located and involved in receptor binding. The C-domain is responsible for autoproteolytic processing and releases the glucosyltransferase into the cytosol. Finally, the D-domain is involved in membrane translocation.  
Besides glucosylating toxins, so-called “hypervirulent” strains additionally produce C. difficile transferase CDT. CDT
belongs to the family of actin-ADP-ribosylating toxins. These toxins are binary in structure and consist of an enzymatic component, which possesses ADP-ribosyltransferase activity and a separate binding/translocation component.
CDT ADP-ribosylates actin, thereby actin polymerization is inhibited and restructuring of the cytoskeleton is induced.   
Binding, up-take and functional consequences of the biological activities of the toxins will be discussed.
O FGCD 02
Clostridium difficile biology in the era of comparative genomics
M. Rupnik1,2
1
National Laboratory for Health, Environment and Food (NLZOH), Maribor University of Maribor, Faculty of Medicine
(Maribor, SI)
2
Centre of Excellence for Integrated Approaches in Chemistry and Biology of Proteins Ljubljana (SI)
Clostridium difficile is anaerobic, sporogenic bacterial pathogen associated with intestinal infections after the disturbance
of gut microbiota in humans and animals. In humans the symptoms can range from mild diarrhoea to pseudomembranous
colitis. The main clinical issues at the time are increased severity, increased mortality and high relapse rate. C. difficile is
currently among most important pathogens causing heath care associated infections (HAI). Because of C. difficile public
health impact worldwide, is the clinical, epidemiological and basic research quickly developing in recent years.
The first C. difficile genome was published in 2006 and subsequently microarray-based comparative genome hybridizations
(CGH) were used in several studies on genetic diversity related to host specificity, origin or strain virulence. Also whole
genome sequencing mainly focused on exploring the phylogeny and population structure of C. difficile and, more recently,
to epidemiology and in particular to transmissions. WGS has shown that evolution of C. difficile occurs through diverse

6th European Conference on Prokaryotic and Fungal Genomics

53

Oral Presentations
lineages (clades) but toxigenic and virulent strains are not linked to a particular clade. Mostly, WGS further supports the
ribotyping-based observations on human-animal transmissions and frequent introduction of new clones to the hospital
from the community. On the other hand it was only with WGS approach possible to elucidate short term evolution and
global spread of C. difficile ribotype 027, a group of strains with increased virulence potential.
WGS studies have shown that virulence is greatly influenced by mobile elements consisting of up to 11% of the genome
and carrying antibiotic resistance genes and other virulence-associated genes.
Last but not least, as C. difficile infection is a toxin mediated disease, comparative genomics of variability in toxin coding
region and the role of mobile elements in HGT and regulation of toxin genes is of importance.
O FGCD 03
Analysis of Clostridium difficile evolution using CRISPR loci
J. Andersen1, R. Britton2, K. E. P. Olsen3, R. Barrangou1
1
North Carolina State University, Food Science (Raleigh, US)
2
Baylor College of Medicine, Department of Molecular Virology and Microbiology (Houston, US)
3
Statens Serum Institut, Microbiology & Infection Control (Copenhagen, DK)
Clustered regularly inter-spaced short palindromic repeats (CRISPR) and associated sequences (cas) constitute an immune system found in prokaryotes and archaea. DNA from Invasive genetic elements can be incorporated into spacer
arrays as a chronological immunization record of past infections. Hence, CRISPR-cas may serve as a basis to investigate
C. difficile outbreak strains, based on conserved CRISPR loci homology and diversity, and recently acquired novel spacer.
We have exploited the CRISPR-cas systems of C. difficile to map the occurrence and diversity among clinically relevant
ribotypes (RT 1, 2, 12, 14, 17, 27, 78, 87). We found an apparent divergent type-IB system encoding 6-12 CRISPR spacer
arrays, containing 29-nt repeats, per ribotype. Whole genome alignment revealed a non-random distribution of CRISPR loci
among the ribotypes enabling identification of unique and shared CRISPR spacer loci with common ancestry. Translocation of
CRISPR loci was driven by horizontal gene transfer, and the associated CRISPR spacers were found to match plasmid, phage
and C. difficile prophage DNA linking differential CRISPR spacer array content to microevolution within C. difficile ribotypes.
To test the genetic resolution of CRISPR-cas typing we sequenced the CRISPR spacer content from a collection of 26 RT027
(9 loci) and 17 RT078 (6 loci) isolates. Notably, spacer polymorphism resulted in 7 and 4 CRISPR genotypes, respectively,
showing common origin and recent strain divergence. Interestingly, genotypes emerging from the outbreak strains CD196
and R20291 (RT027) were found and could be grouped by isolation site and year.
In conclusion, the C. difficile CRISPR-cas systems are useful to differentiate clinical isolates chronologically beyond current
standard typing methods.
O FGCD 04
Evolutionary genomics and phylogeography of Clostridium difficile ribotype 027 in Germany
M. Steglich1, A. Nitsche2, L. von Müller3, M. Herrmann3, T. A. Kohl4, S. Niemann4,5, T. Riedel 6, C. Spröer7,6, B. Bunk7,6
J. Overmann7,6, U. Nübel8,7
1
Robert Koch Institute, Department of Infectious Diseases, Division of Nosocomial Pathogens and Antibiotic Resistances
(Wernigerode, DE)
2
Robert Koch Institute , Centre for Biological Threats and Special Pathogens, ZBS 1 Highly Pathogenic Viruses
(Berlin, DE)
3
University of Saarland Medical Centre, Institute of Medical Microbiology and Hygiene, National Consultant Laboratory
for Clostridium difficile (Homburg, DE)
4
Research Center Borstel, Molecular Mycobacteriology (Borstel, DE)
5
German Center for Infection Research (DZIF) (Borstel, DE)
6
Leibniz Institute DSMZ, Microbial Ecology and Diversity (Braunschweig, DE)
7
German Center for Infection Research (DZIF) (Braunschweig, DE)
8
Leibniz Institute DSMZ , German Center for Infection Research (DZIF) (Braunschweig, DE)
We applied whole-genome sequencing to monitor evolutionary change and to reconstruct the spatial and temporal dynamics underpinning the expansion of Clostridium difficile ribotype 027 in Germany. Based on Illumina re-sequencing of
genomes from 57 clinical C. difficile isolates, which had been collected from hospitalized patients at 35 locations throughout
Germany between 1990 and 2012, we demonstrate that C. difficile genomes have accumulated sequence variation suf-
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ficiently fast to document the pathogen’s spread at a regional scale. We detected both previously described lineages of
fluoroquinolone-resistant C. difficile ribotype 027, FQR1 and FQR2. Using Bayesian phylogeographic analyses, we show that
fluoroquinolone-resistant C. difficile 027 was imported into Germany at least three times, that it had been widely disseminated
across multiple federal states even before the first outbreak was noted in 2007, and that it has continued to spread since.
Single-nucleotide polymorphisms constituted the most abundant sequence variation that had been accumulated over few
years, but we also detected considerable numbers of insertions and deletions, including length differences of homopolymeric
runs and tandem repeat regions, single-nucleotide deletions, and larger indels, several of which were likely to have functional
impact. In addition, integration of Illumina data with complementary PacBio genome sequence data from selected isolates
provided a comprehensive picture of structural genomic variation, including the gain and loss of mobile genetic elements,
and revealed the timescale over which this diversity got generated.
O FGCD 05
CDiff: Systems biology, toxins und epidemiology of Clostridium difficile
D. Jahn1
1
Technische Universität Braunschweig, BRICS - Braunschweig Integrated Centre of Systems Biology & Institut für
Mikrobiologie (Braunschweig, DE)
Clostridium difficile is causing increasingly deadly infections. It is growing in the gut and producing toxins due to antibiotic
treatment caused microbiome deficiency. Stool transplants are currently the only efficient strategy for the treatment of
recurrent infections. An obvious lack of basic knowledge due to the difficult cultivation and genetic manipulation of these
bacteria is a major challenge. The recently founded CDiff consortium is now investigating its systems biology, infection
and epidemiology. Here I report on the newest developments and results of this novel research consortium.
Functional Genomics of Infectious Diseases
O FGID 01
Pathogenicity and immune evasion of the human-pathogenic fungus Aspergillus fumigatus
A. A. Brakhage1,2
1
Leibniz Institute for Natural Product Research and Infection Biology Jena (HKI), Molecular and Applied Microbiology
(Jena, DE)
2
Friedrich Schiller University , Institute of Microbiology (Jena, DE)
At least as many people die from invasive fungal diseases than from tuberculosis or malaria. This underestimated threat
is caused by fungal species including the filamentous fungus Aspergillus fumigatus, which is the most important air-borne
fungal pathogen causing 90 % of all systemic life-threatening Aspergillus infections in humans. A lack of reliable diagnostic
tools and effective treatment options results in high mortality rates despite therapy. A major task is the identification of
pathogenicity determinants and mechanisms how A. fumigatus can overcome the response of immune effector cells.
Transcriptome and (immune)proteome analyses with subsequent generation of deletion mutants and their analysis in
the interaction with the immune system like neutrophilic granulocytes, alveolar macrophages and complement has led to
novel insight in the infection process and helps to identify novel diagnostic markers and targets for antifungal drugs. We
found that A. fumigatus has developed immune evasion mechanisms which interfere at different levels with the response
of the human host. These include recognition of conidia, modulation of phagocytosis, intracellular processing, neutrophil
extracellular trap formation, and complement activation. We have identified several molecules including surface components such as proteins, dihydroxynaphthalene melanin as well as other secondary metabolites, which manipulate the
immune response. Furthermore, we identified novel synergistically acting compounds against A. fumigatus and antigens
potentially interesting for an immune therapy.
Brown et al. (2012) Sci Trans Med 4: 165rv13; Scharf et al. (2014) PLoS Pathogens 10: e1003859; Bacher et al. (2014)
J Immunology 193: 3332-3343; Aimanianda et al. (2009) Nature 460: 1117-1121.
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O FGID 02
Evolution of S. aureus during nasal carriage involves cross-lineage transfer of mobile genetic elements
T. Golubchik1, A. Votintseva1, D. Wilson1, R. Bowden2, S. Walker2,3, D. Crook2,3
1
Oxford University, NDM (Oxford, GB)
2
Oxford University, Wellcome Trust Centre for Human Genetics (Oxford, GB)
3
NIHR Oxford Biomedical Centre (Oxford, GB)
Staphylococcus aureus is a major cause of serious soft tissue infections and bacteraemia, yet it is also a successful
commensal, readily isolated from the nasal flora of around one-third of healthy adults. This state of asymptomatic carriage, which can persist over many months, provides the ideal environment for the emergence of new S. aureus lineages,
particularly where different genotypes have the opportunity to interact and share genetic information. We were interested in
how this process occurs in vivo. To maximise our chances of seeing interaction between different lineages, we sequenced
S. aureus from persistent long-term carriers of at least 2 distinct genotypes (as determined by spa typing). Despite 1020 months of prolonged co-colonisation, homologous recombination between lineages was rare, genotype identity was
preserved, and most chromosomal changes appeared to be due to mutation rather than recombination, as expected for
a predominantly clonal organism. However, there was overwhelming evidence of mobile genetic element (MGE) activity,
including transfer of conjugative plasmids, and gain/loss of bacteriophage and genomic islands. MGE activity occurred
both within and between the distinct lineages. These findings add to the growing body of evidence suggesting that much
of S. aureus evolution is due to intense MGE activity.
O FGID 03
Mutations altering transcription and translation direct adaptive processes and life-style changes of Pseudomonas
aeruginosa after colonization of cystic fibrosis airways
S. Molin
No abstract submitted.
O FGID 04
Comparative genomics and transcriptomics of human pathogenic Lichtheimia species
V. Schwartze1, K. Riege2, T. Klassert3, M.- H. Marina4,5, J. Linde6, T. Gabaldón4,5, M. Marz2, H. Slevogt3, K. Voigt1
1
Friedrich-Schiller-University Jena, JMRC (Jena, DE)
2
Friedrich-Schiller-University Jena, Department of Bioinformatics (Jena, DE)
3
Jena University Hospital, Septomics Research Center (Jena, DE)
4
Centre for Genomic Regulation (Barcelona, ES)
5
Universitat Pompeu Fabra (Barcelona, ES)
6
Leibniz Institute for Natural Product Research and Infection Biology, Hans Knöll Institute, Systems Biology/
Bioinformatics (Jena, DE)
Introduction: Mucormycoses are life-threatening infections with fungi of the order Mucorales. Mucormycoses are uncommon
infections compared to aspergillosis or candidiasis. However, they are increasingly recognized in immunocompromised and
diabetic patients. Lichtheimia species represent the second-most common cause of Mucormycosis in Europe. To date little
is known about the pathogenicity and virulence factors of these fungi.
Objectives: In order to get broader insights into the pathogenicity mechanisms and identify putative virulence factors the
genomes of Lichtheimia species were sequenced and gene expression under infection-associated conditions was studied.
Materials & Methods: Genomes of Lichtheimia species were sequenced by Roche 454 and Illumina technology. Evidencedbased gene prediction was performed and protein-coding genes were compared. In addition, phylomes were reconstructed
for all strains and orthologs/paralogs, gene duplications, expansions were identified. Transcriptome analyses were performed
under different stress conditions and gene expression of orthologous genes between the species was compared.
Results: Our analyses show that genomes of Lichtheimia species are very similar and that virulence factors are well-conserved
between the species. However, physiological assays and gene-expression data show that adaptation to stress-conditions
differs between the species, resulting in a different stress-tolerance.
Conclusions: Our analyses give first insights into pathogenicity and stress-response of Lichtheimia species. These data will
help to better understand the infection mechanisms and to find new targets for therapy.
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O FGID 05
Population genomics of Streptococcus agalactiae to understand host adaptation and the emergence of
neonatal infections
P. Glaser1
1
Institut Pasteur, Unité de Biologie des Bactéries Pathogènes à Gram-positif, CNRS UMR3525 (Paris, FR)
Streptococcus agalactiae, also known as Group B streptococcus (GBS) emerged in the 1960s both in Europe and in North
America as a leading cause of neonatal infections. This bacterium was initially described at the end of the 19th century as
responsible for bovine mastitis and later on for outbreaks of invasive diseases in fish farms. We have addressed by genomics two central questions on the epidemiology of this opportunistic pathogen: the reasons for the emergence of neonatal
infections and the relation between animal and human isolates. The global diversity of the species is investigated worldwide
by multi locus typing (MLST). The MLST database1 includes 751 sequence types (ST) submitted by 57 investigators from 29
countries. All recently submitted alleles are single SNP variants of previously described alleles indicating that we are saturating the diversity of the species. The genomic diversity is investigated by whole genome sequencing, and more than 600
genome sequences are available. It is known that some phenotypes are strongly associated with the host origin. More than
90% of human isolates are resistant to tetracycline whereas most isolates from bovine mastitis are able to ferment lactose.
By combining MLST data and whole genome sequence analyses we have been able to solve the issue of the emergence
of GBS neonatal infections2. The massive use of tetracycline led to the selection in the 1950s of few resistant clones that
disseminated globally and replaced a previous more benign GBS population colonising humans. We have also further characterized the population of GBS from the three host and showed that they are mostly independent. Whereas few cases of
transmission from human to bovine have occurred, the transmission from bovine or fish to humans are likely extremely rare.
In conclusion, the selection of stains from the few STs not yet sequenced will provide a complete picture of the diversity of
S. agalactiae. Further sequencing bovine strains will provide additional clues on the specific adaptation of this species to
humans and bovines.
1
http://pubmlst.org/sagalactiae/
2
Da Cunha, V. et al. Streptococcus agalactiae clones infecting humans were selected and fixed through the extensive use
of tetracycline. Nat. Commun. 5:4544 doi: 10.1038/ncomms5544 (2014).
Host Microbe Interplay
O HMI 01
Legionella host pathogen interactions and evolution of virulence
C. Buchrieser1
1
Institut Pasteur, Biologie des Bacteries Intracellulaires and CNRS UMR 3525 (Paris, FR)
Legionella pneumophila and Legionella longbeachae are the etiological agents of Legionnaire’s disease. Both are Gramnegative bacteria present in fresh and artificial water environments that replicate in protozoan hosts. When aerosolized
bacteria are inhaled, they are able to colonize the respiratory tract, invade alveolar macrophages and replicate therein
causing the disease. Replication within protozoa is essential for the survival of these bacteria. Genome sequencing and
analyses led to a giant step forward in our understanding of how L. pneumophila and L. longbeachae replicate intracellularly
by suggesting new ways how these bacteria might subvert host functions. Our analyses revealed that the Legionella genomes encode a high number and great diversity of eukaryotic-like proteins. We suggested that these are mimicking
host proteins to target host-signalling pathways. Indeed, others and we showed that many of these eukaryotic proteins
subvert important host functions, in particular those related to the host response to infection. Comparative and evolutionary
genomics analyses of the eukaryotic like proteins demonstrated that lateral gene transfer from eukaryotic hosts contributed
to the evolution of these proteins within Legionella. Collectively these data shed new light on the virulence strategies
of L. pneumophila and L. lonbeachae a major aspect of which is molecular mimicry.
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O HMI 02
Evolution of genomes and pathogenicity within the fungal genus Verticillium
L. Faino1, M. Seidl1, D. Cook1, X. Shi1, J. Boshoven1, H. Rovenich1, M. van Damme1, J. Depotter1, H. Gibriel1
G. van den Berg1 and B. Thomma1
1
Wageningen University, Laboratory of Phytopathology (Wageningen, NL)
The soil-borne fungal pathogen Verticillium dahliae causes vascular wilt disease on hundreds of plant species. V. dahliae has
a flexible genome allowing it to escape host immunity and maintain aggressiveness. So far, knowledge on mechanisms
governing this genomic flexibility remains limited. Intriguingly, V. dahliae belongs to a relatively small fungal genus, comprising ten species that include narrow host-range pathogens and non-pathogenic species. Through comparative population
genomics we have started to unravel mechanisms to establish the genomic diversity that is essential for adaptive genome
co-evolution during the continued arms race with host plants. To this end, two V. dahliae genomes were assembled from
telomere-to-telomere, and compared these to the genomes of other Verticillium spp., revealing a pre-speciation genome
duplication event. Comparative genomics using the two finished V. dahliae genomes furthermore revealed recent segmental
duplications that established lineage-specific regions. Interestingly, these regions are enriched for in planta-expressed
effector genes encoding secreted proteins that enable host colonization, and thus contribute to the evolution of virulence.
Our evidence suggests that error-prone homology-dependent DNA repair has caused genomic rearrangements, leading
to extensive structural variations. Re-sequencing of additional strains showed that independent losses of genetic material
favored the escape of host recognition and, likely, host specificity. We propose that evolution of V. dahliae is linked to
segmental genome duplications mediated by improperly repaired DNA breaks.
O HMI 03
First sex then stress: How activation of the secretion stress response triggers disease progression in the plant
pathogenic fungus Ustilago maydis
M. Hampel1, J. Freitag1, K. Heimel1
1
Georg-August-University, Molecular Microbiology and Genetics (Göttingen, DE)
The infection process of the biotrophic basidiomycete Ustilago maydis requires the coordination of various signaling
pathways. The infection related morphogenetic program, sexual development and virulence factor delivery have to be
aligned with fungal physiology for successful plant infection and disease progression. We identified the unfolded protein
response (UPR), a pathway to counteract secretion stress, as a regulatory hub connecting these processes. During
pathogenic development the UPR is specifically activated at the biotrophic stage. Premature UPR-activation interferes
with morphogenetic switching and pathogenic development. By contrast, biotrophic development in planta requires an
active UPR pathway and is governed by the physical interaction between the Hac1-like UPR regulator in U. maydis
(Cib1), and the central regulator of fungal development in planta, Clp1. As a result of this interaction (i) Clp1 is stabilized,
promoting fungal proliferation in planta and (ii) UPR signalling is modified to confer hyper-resistance towards ER stress,
thereby allowing for extended UPR activation during biotrophic development. UPR-mutants elicit increased plant defence
responses and analysis of UPR-dependent gene expression revealed various secreted virulence factors to be regulated
by the UPR. Hence, the UPR is used to synchronize developmental processes and secretion of effector molecules to
rapidly establish a compatible plant/fungus interaction.
O HMI 04
Structure and function of the bacterial phyllosphere microbiota
J. Vorholt1
1
ETH Zurich, Institute of Microbiology (Zurich, CH)
The aerial parts of the plants, which are dominated by leaves, represent one of the largest terrestrial habitats for microorganisms. This habitat, called the phyllosphere, is occupied by a diverse community of microorganisms, which is important
for plant health and growth. Most of the phyllosphere inhabitants are not well investigated; however, there is a growing
interest to study commensal bacteria to elucidate their interactions with the plants, among each other and to learn how
they withstand the hostile conditions of their habitat. A predominance of Proteobacteria, Actinobacteria and Bacteroidetes
living in the phyllosphere of numerous plants has been revealed, while metagenomics and metaproteomics approaches
gave insights into the general bacterial adaptation strategies to the phyllosphere. We conducted large-scale experiments
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to isolate Arabidopsis thaliana phyllosphere bacteria as pure cultures. Individual plants as well as individual leaves were
sampled at different European sites to determine their core leaf community and to establish a reference strain collection
using flow cytometry and dilution series plating. After identifying approximately 3,000 isolates using a high-throughput DNA
sequencing-based method we selected 232 representative strains belonging to 52 genera of the major phyllosphere phyla
covering >60% of the culture-independent taxonomic diversity. Draft genomes of all selected isolates were generated and
analyzed. Recolonization experiments using synthetic communities in a gnotobiotic model system showed reproducible
colonization patterns and represent a valuable starting point to identify mechanisms of community formation.
Synthetic Biology
O SB 01
Forward design of a biochemical system
S. Panke
No abstract submitted.
O SB 02
Chassis organism from Corynebacterium glutamicum – Genome reduction as a tool towards improved strains
for synthetic biology and industrial biotechnology
M. Baumgart1, S. Unthan1, A. Radek1, M. Herbst2, D. Siebert2, N. Brühl3, A. Bartsch3, M. Bott1, K. Marin4, S. Hans4
R. Krämer3, G. Seibold3, J. Kalinowski2, C. Rückert2, V. Wendisch2, S. Noack1, J. Frunzke1
1
Forschungszentrum Jülich, IBG-1: Biotechnologie (Jülich, DE)
2
Universität Bielefeld (Bielefeld, DE)
3
Universität zu Köln (Köln, DE)
4
Evonik Industries AG (Halle-Künsebeck, DE)
Introduction: Synthetic biology projects, e.g. for the rational design of novel biotechnological production strains, require
a robust and predictable strain background to allow the successful integration of new functions. These chassis organisms
can either be built by de novo synthesis or derived by top-down approaches by means of sequential deletion of nonessential genes. Here we describe the construction of a chassis based on the well-known industrial amino acid producer
Corynebacterium glutamicum.
Objectives: The aim of this study was the definition of a so called “relevant gene set” for C. glutamicum which maintains its fast
growth and high cell density in defined medium. Sequential deletion of the non-relevant genes should lead to a C. glutamicum
chassis with a significantly reduced genome thatstill maintains the growth behavior and application range of the respective wild-type
strain. Prime candidates for deletions were for example prophages, IS-elements and genome regions with low expression levels.
Methods: Potential deletion targets were evaluated by combining data such as expression level, phylogenetic conservation and knockout studies. Deletions were performed by double crossover and the resulting strains were analyzed using
high-throughput cultivation and phenotyping.
Results: Besides the three prophages [1] and the IS-elements, 41 gene clusters ranging from 3.7 to 49.7 kbp were
chosen as targets based on the prediction described above. In the prophage-free strain, 36 deletions were successful
and 26 thereof showed no negative phenotype during growth on defined medium which classifies them as irrelevant
[2]. Theoretically, a combinatory deletion of all these gene clusters would decrease the genome size of C. glutamicum
by 22 %. To date strains possessing an up to 12% reduced genome and still growing comparable to the wild type have
successfully been constructed.
Conclusion: This study introduces the novel concept of relevant genes and demonstrates the applicability of this strategy
to construct a chassis of a given model organism.
1. Baumgart, M., Unthan S., et. al., Appl Environ Microb (2013) 79, 6006-6015
2. Unthan, S., Baumgart, M., et al., Biotechnol J (2015) 10, 290-301
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O SB 03
Cycling with lantibiotics and potentiating them against Gram-negative pathogens
O. P. Kuipers1, A. Buivydas1, L. Zhou1, M. Montalban-Lopez1, A. van Heel 1
1
University of Groningen, Molecular Genetics (Groningen, NL)
Microbial antibiotic resistance is the Achilles’ heel in the fight with infections caused by multiple antibiotic resistant bacteria.
Some pathogenic bacteria harbor the resistance to almost every approved antibiotic. There is a tremendous necessity
to find new effective compounds and/or approaches to treat infections. Natural antimicrobials - bacteriocins - are strong
candidates in current antimicrobial research. Noteworthy, some bacteriocins are already applied in the clinic in all major
disease fields. Lantibiotics (predominantly produced by Gram-positives) form a group of posttranslationally modified
bacterial peptides and most of them exhibit a potent antimicrobial activity, more active even than some classic antibiotics.
Dehydrated amino acids and (methyl-) lanthionines are the distinctive posttranslational modifications in lantibiotics. The
modifications give them a high stability against proteolysis. Moreover, resistance development by pathogens is not easily
achieved, because their molecular target lipid II is an essential molecule for cell wall biosynthesis. Microcins - bacteriocins
mainly produced by Gram-negative bacteria - have exclusive heterocyclic (microcin B17) and macrocyclic (microcin J25)
modifications. In this work we use a synthetic biology approach to introduce both types of modifications simultaneously
(lantibiotic and microcin) into peptides of choice. We utilized peptide modification systems cloned under different controlled
promoters in E. coli to assure gradual and temporal activity of the designed biomodules. Synthetic genes of designed
model peptides with hybrid leader peptides were employed together with dual-modification machineries leading to the
production of new-to-nature peptides with unique combinations of posttranslational modifications. Some variants have
been produced already and are currently being further characterized.
In another approach we modified the tail of nisin to enhance its activity against Gram negative bacteria. Normally, nisin
cannot inhibit growth of most gram-negative bacteria as it cannot pass the outer membrane. In combination with EDTA
which can destabilize the outer membrane, nisin can bind to lipidII at the inner membrane and exhibits good activity against
E. coli. Here, we engineer nisin in such a way that it exhibits better activity against gram-negative bacteria. We fused nisin
rings ABC to >10 different peptides (or parts) that have been described in literature to be active against gram-negative
bacteria (e.g. Apedecin 1b, Oncocin). Some of these hybrids demonstrated significant enhanced activity against gramnegative bacteria (e.g. E. coli CECT101, Enterobacter aerogenes CECT684) without EDTA.
O SB 04
Minibacillus - elucidation of the components essentially required for a living cell
D. Reuß1, F. M. Commichau1, J. Altenbuchner2, J. Stülke1
1
Georg-August-University of Göttingen, Department of General Microbiology (Göttingen, DE)
2
University of Stuttgart, Institute for Industrial Genetics (Stuttgart, DE)
The construction of cells with reduced genomes is an important step to understand the requirements of a living cell. Minimal
cells can be generated either by the introduction of an in silico designed artificial genome into a cell or by the step-wise
reduction of existing genomes. We have decided to follow the second approach using B. subtilis as a basis for genome
minimization. As a first step, we have analyzed the genome of B. subtilis, and categorized all genes as essential, dispensable or required for the process of genome minimization (1). Based on this list, we have started to introduce consecutive
marker-free and scar-less genome deletions. From this project, we expect to find out which factors are necessary to make
up a living cell, but we hope also to identify novel functions for so far unknown genes and to uncover novel interactions
between cellular components (2). So far, we have deleted about 40% of the B. subtilis genome. Results of a multi-omics
study to characterize genome-minimized strains will be presented.
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P GENO 01
The reduced translation initiation efficiency of the live-attenuated Coxsackievirus B3 Sabin3-like RNA is
correlated with an impaired binding of standard initiation factors to the mutant domain V of the IRES
A. Souii1, M. Ben M’Hadheb-Gharbi1, J. Gharbi1
1
Higher Institute of Applied Biological Sciences of Tunis, University of Tunis EL Manar, Biotechnology (Tunis, TN)
In each poliovirus Sabin vaccine strain, a single point mutation in the internal ribosome entry site (IRES) secondarystructure domain V is a major determinant of neurovirulence and translation attenuation. Here, we are extrapolating
poliovirus findings to a genomic related virus named coxsackievirus B3 (CVB3); a causative agent of viral myocarditis.
We have previously reported that Sabin3-like mutation (U473→C) introduced in the domain V sequence of the CVB3
IRES led to a defective mutant with a serious reduction in translation efficiency besides an impaired RNA protein binding
pattern. With the aim to identify proteins interacting with both CVB3 wild-type and Sabin3-like domain V RNAs and to
assess the effect of the Sabin3-like mutation on these potential interactions, we have used a proteomic approach. This
procedure allowed the identification of three RNA-binding proteins interacting with the domain V: eIF4G (p220), eIF3b
(p116) and eIF4B (p80). Moreover, we report that this single-nucleotide exchange impairs the interaction pattern and the
binding affinity of these standard translation initiation factors within the IRES domain V of the mutant strain. Taken together,
these data indicate how this decisive Sabin3-like mutation mediates viral translation attenuation; playing a key role in
the understanding of the cardiovirulence attenuation within this construct. Hence, these data provide further evidence
for the crucial role of RNA structure for the IRES activity, and reinforce the idea of a distribution of function between the
different IRES structural domains.
P GENO 02
Genomics of antarctic polyextremophile Nesterenkonia sp. AN1
H. Aliyu1, P. De Maayer2, D. Cowan1
1
University of Pretoria, Genetics (Pretoria, ZA)
2
University of Pretoria, Microbiology (Pretoria, ZA)
Microorganisms in Antarctic dry soils have evolved features which compensate for the physicochemical constraints imposed on their cellular function by extreme cold, alkalinity, aridity, salinity, starvation and UV irradiation [1]. Nesterenkonia
sp. AN1 is the first member of the genus isolated from Antarctic desert soils [2]. We have used genomic and comparative
genomic analyses to elucidate the genetic determinants underlying its survival strategies. To highlight its psychrotolerance
mechanisms we also compared, via RNA-seq analyses, the transcriptome of the strain grown at 5 oC and 21 oC. The
genome encodes a large number of proteins putatively involved in cold shock, cold acclimation, osmotic and oxidative
stress responses as well as the modulation of membrane fluidity. The majority of these are shared with the mesophilic
strains of Nesterenkonia, implying that members of the genus are naturally resilient. Transcriptome data of Nesterenkonia
sp. AN1 revealed that ~ 97% of the predicted genes were expressed under the experimental conditions. Analyses of
the transcriptome show significant cold induction of multiple copies of the universal stress response gene uspA [3] and
a large number of poorly characterised genes, both within the fraction unique to Nesterenkonia sp. AN1. The majority of
the well-known stress response genes were constitutively expressed. However, several genes encoding scavengers of
reactive oxygen species were upregulated.
In addition, there was significant enrichment of the up regulated genes in the valine, leucine and isoleucine biosynthesis
pathway at 5 oC [4]. This study gives preliminary insight into the adaptive strategies that are likely employed by Nesterenkonia sp. AN1 for survival in the arid soils of Antarctica.
[1] De Maayer P, Anderson D, Cary C, Cowan DA (2014). EMBO Reports 15(5): 508-517.
[2] Nel AJM, Tuffin IM, Sewell BT, Cowan DA (2011). Appl Environ Microbiol 77(11):3696-702.
[3] Garnier M, Matamoros S, Chevret D, Pilet MF, Leroi F, Tresse O (2010). Appl Environ Microbiol. 76(24):8011-8.
[4] Klein W, Weber MH, Marahiel MA (1999). J Bacteriol 181:5341-5349.
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P GENO 03
Bacterial partners enhance photo-fermentative algae hydrogen production
G. Maroti1, G. Lakatos1
1
Hungarian Academy of Sciences, Biological Research Center, Institute of Biochemistry (Szeged, HU)
Biological H2 production can be categorized into three major groups: direct biophotolysis, photofermentation (indirect
photolysis), and dark fermentation. Direct biophotolysis is considered the most desirable and eco-friendly route for generating H2. The goal of our study was to elucidate the nature and dynamics of algal hydrogen evolution observed in
various algal-bacterial interactions in order to exclude the disadvantages of the widely used sulfur deprivation-based
hydrogen production method.The green algae Chlamydomonas sp. strain 549 and Chlamydomonas reinhardtii cc124
were investigated for their hydrogen-evolution capability in mixed algal-bacterial cultures. Stable bacterial contaminations
were identified during Chlamydomonas sp. strain 549 cultivation. The bacterial symbionts belonged to various genera,
mostly Brevundimonas, Rhodococcus, and Leifstonia, each enhanced algal hydrogen production. This phenomenon was
not limited to the natural associations, increased algal hydrogen evolution was achieved by simple artificial algae-bacteria
communities as well. The highest hydrogen yields were obtained when hydrogenase-deficient Escherichia coli was applied
as a partner bacterium. The results showed that oxygen elimination was a crucial factor for algal hydrogen production
and that efficient bacterial respiration was essential for the activation of algal Fe-hydrogenase. The interplay between
the bacterial and algal partners was investigated by transcriptomic approach. The described hydrogen-evolution method
represents a novel combination of fermentative and photolytic hydrogen-generation processes. Active photosynthesis was
maintained during the entire hydrogen evolution process, which contributes to the sustainability of hydrogen production.
P GENO 04
Exploitation of Gluconobacter genomes towards the understanding of high levan production of Gluconobacter
J. Brandt1, F. Jakob1
1
Technische Universität München, Technische Mikrobiologie (Freising, DE)
Gluconobacter (G.) strains produce up to 20 g/L of functional levans, which are involved in biofilm and kefir granule
formation. Levans can be used as hydrocolloids texturizing foods or as novel nano-biomaterials in pharmaceutical or
cosmetic applications.
In this study we probed presence of sucrose-converting enzymes via genomic screening of biotechnologically important
Gluconobacter strains to identify possible advantages or bottlenecks in levan production by these bacteria and their
levansucrases (LS).
Therefore, the genome of the most promising levan-overproducer, a water-kefir isolate G. species TMW 2.1191 was
sequenced by single molecule realtime sequencing, a new method implemented by PacBio. Finally, we compared these
data with potential sucrose converting enzymes and associated operons among 10 different deposited Gluconobacter
genomes (NCBI).
The circular chromosome of G. species TMW 2.1191 consists of 3,369,297 base pairs (bp) with a G+C content of 59.8%. In
addition one plasmid was identified (261,375 kb). There are a total of 3,239 predicted protein-encoding open reading frames
(ORFs). G. species TMW 2.1191 encodes one chromosomal LS, equivalently to all other so far deposited Gluconobacter
genomes. Homologous LS are genetically organized in similar genetic loci, depending on the strain identity (belonging
to either the G. oxydans or G. cerinus group) and apparently have co-evolved with their early ancestor strain, since 16S
rRNA gene grouping is similar to LS gene grouping in these strains. Furthermore, all Gluconobacter chromosomes lack
other typical sucrose converting enzymes such as invertase or sucrose phosphorylase indicating their importance of LS
for sucrose consumption. No predictions can actually be made about regulative elements influencing LS secretion from
these genomic data.
In conclusion, in silico prediction of sucrose consuming enzymes in Gluconobacter via comparative genomics reveals
LS to be the sole sucrose metabolizing enzymes. In comparison to lactic acid bacteria, which can also produce levans,
this points out a tentative superiority of Gluconobacter strains for biotechnological production of functional levans in the
lack of competing metabolic reactions.
Parts of this work were supported though AiF 18071 N and BLE 28-1-63.001-07.
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Identification and functional genetic analysis of a putative competence inhibitor in Bacillus licheniformis
C. Muth1, C. Schmidt1, M. Buchholz1, S. Volland2, F. Meinhardt1
1
Westfälische Wilhelms-Universität, Institute for Molecular Microbiology and Biotechnology (Münster, DE)
2
Georg-August-Universität, Institute of Microbiology and Genetics (Göttingen, DE)
Natural genetic competence is defined as a growth-dependent state rendering the bacterial cell capable of taking up
exogenous DNA. Only rather recently, a novel competence inhibitor (ComI) was discovered in the ancestral strain Bacillus
subtilis NCIB 36101). We identified a ComI homolog in the chromosome of the industrially important Bacillus licheniformis
DSM13. The gene encoding the only 30 amino acid spanning protein was detected in all investigated B. licheniformis strains.
Overexpression of ComI led to a decrease of the transformation efficiency by approximately 60 % in the DSM13 genetic
background. Consistently, the transformation efficiency of a ∆comI-mutant was almost doubled. ComK, the major regulator
of competence, is crucial for the induction of competence genes. Regulation through ComK occurs by binding to the K-Box,
a sequence-motif in the promotor region of ComK-regulated genes2). Very few genes are known to be negatively regulated
by ComK3). Since bioinformatic analysis of the comI promotor region of B. licheniformis DSM13 revealed a putative K-Box
in inverse orientation, a negative regulation of comI expression is conceivable.
1)
Konkol, M.A., Blair, K.M., and Kearns, D.B. (2013) J Bacteriol 195(18):4085-93.
2)
Hamoen, L.W., Van Werkhoven, A.F., Bijlsma, J.J., Dubnau, D., and Venema, G. (1998) Genes Dev 12(10):1539-50.
3)
Berka, R.M., Hahn, J., Albano, M., Draskovic, I., Persuh, M., Cui, X., Sloma, A., Widner, W., and Dubnau, D. (2002) Mol
Microbiol 43(5):1331-45.
P GENO 07
Comparative genomics of Pseudomonas strains different in white-line reaction phenomenon
H. Rokni-Zadeh1,2,3, P. Zarrineh2, M. Changi-Ashtiani4, F. Mousavi1, A. Qotbi1, M. Lajevardi1, T. Bahrami1, S. Zarvandi1
Z. Ghaffarinovi1
1
Zanjan University of Medical Sciences, Medical Biotechnology and Nanotechnology (Zanjan, IR)
2
Institute for Research in Fundamental Sciences (IPM), School of Biological Science, P.O. Box: 19395-5746 (Tehran, IR)
3
Zanjan University of Medical Sciences, Zanjan Pharmaceutical Biotechnology Research Center (Zanjan, IR)
4
Institute for Research in Fundamental Sciences (IPM), School of Mathematics, P.O. Box 19395-5746 (Tehran, IR)
Antibiotic resistance of pathogenic bacteria is rising dramatically. One of the main approaches to cope this problem is to
find new antibacterial compounds or new strategies to control pathogens. Pseudomonas genomes carry various genes to
synthesize several antimicrobials such as lipopeptides (LPs) (1). LPs are synthesized by giant modular enzymes named
non-ribosomal peptide synthetase systems (NRPS). WLIP (white line-inducing principle), and orfamide LPs have the ability
to display an interesting phenomenon called white line reaction (WLR) in agar medium, that is, formation of a defensive
white line between colony of a LP tolaasin/sesseline toxin producer (Pseudomonas tolaasii) and a WLIP producer bacterium when both are co-cultured (2-6). Although such phenomenon has been known for decades, not much information
is available for the mechanism and all genes and factors involved. Such WLR strategy that some Pseudomonas species
employ to battle against certain enemies is remarkable. However, before we could inspire and apply such strategy to cope
pathogenic bacteria, this phenomenon must be well characterized. The genome sequences of several WLR positive/
negative bacteria are available. Therefore, the comparative genomics of these genomes could enable us to investigate the
genetic differences possibly involved in WLR phenotype. The (draft or complete) genome of strains were extracted from
databases and unannotated genomes were annotated using RAST. To order and view assembled contigs (draft genome)
against complete closely related genomes, Mauve tool was employed. Artemis comparison tool was used to find genomic
similarities and differences. Several genes, protein families (COGs, Pfams,..) and functional families (enzymes) were found
only in WLR positive. Further functional studies would confirm their actual role in WLR.
References:
Gross H, and Loper JE (2009) Nat. Prod. Rep. 26: 1408-6
Wong WC, and Preece TF (1979) Appl. Bacteriol. 47: 401-7
Rokni-Zadeh H, et al. (2013a) Environ. Microbiol. Reports
Rokni-Zadeh H, et al. (2013b) Genome Announc. 1: e00383-13
Rokni-Zadeh H, et al (2012) Appl. Environ. Microbiol. 78: 4826-34
Rokni-Zadeh H, et al (2011) Microb. Ecol. 62: 941-7
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Bioprospecting of soil metagenomes for novel phosphatases
G. A. Castillo Villamizar1, M. Böhning2, K. Foerster1, S. Brady1, R. Daniel1
1
Georg-August-University Göttingen, Genomic and Applied Microbiology (Göttingen, DE)
2
Max Planck Research School (Göttingen, DE)
Phosphatases hydrolyze a variety of phosphate esters involved in cell metabolism and signal transduction pathways. Phosphatases have a wide range of applications in biotechnological research, and nowadays are particularly useful for the acquisition
of phosphorus for animal and plant nutritional purposes. In most agricultural soils as well as in many dietary components
of commercially relevant monogastric animals, organic phosphorus (P) is not in a bio-available form. For many organic P
sources to be used, they must first be hydrolyzed by phosphatases1, making this type of enzymes an important group of
industrial biocatalysts. The aim of this work was focused on identifying new phosphatase genes and their corresponding
enzymes from soil metagenomes.
Metagenomic small-insert libraries were constructed using genomic DNA extracted from German soil samples. Comparative
function driven screening of the libraries for phosphatase activity was carried out. Sequence analyses, sub-cloning, protein
expression, subsequently protein purification and biochemical characterization of the recovered genes and the corresponding
gene products were performed.
A total of 23 new genes conferring phosphatase activity have been identified. Two of these genes were expressed and
characterized. The products were designated as Pho07 and Pho18. The molecular weights were 42 and 27 kDa respectively.
Differences in optimal pH, temperature, substrate specificity, kinetics and interaction with ions and inhibitors were found. Pho7
showed highest activity with phytate as a substrate, therefore it is catalogued as a new phytase, Pho18 showed its highest
activity in presence of pyrophosphate. Just few attempts to identify phosphatases through metagenomic approaches have
been published. The obtained data show the potential of exploiting metagenomics using environmental samples to mine new
phosphatases with promising industrial and biotechnological potential.
1) Unno Y, Shinano T. Metagenomic Analysis of the Rhizosphere Soil Microbiome with Respect to Phytic Acid Utilization.
Microbes and Environments. 2013;28(1):120-127.
P GENO 10
Isolation and characterisation of a strain of Pseudomonas sp. (Strain 10-1B) - a polycyclic aromatic
hydrocarbon degrader and a potential plant growth promoting bacteria
R. Adeleke1, M. Bello-Akinosho1, M. Thantsha1, D. Swanevelder1
1
Agricultural Research Council, Soil Science (Preotria, ZA)
Soil pollution caused by polycyclic aromatic hydrocarbons (PAHs) is a consequence of various industrial processes which
has affected significant parts of the ecosystem (Baveye & Bladen, 1999). Bioremediation is an environmentally safe solution
to reduce or eliminate these pollutants in soils (Ulrici, 2000). Bacteria are known to play an active role in Bioremediation of
organic pollutants in soil (Hesham et al., 2014).
In the present study, agricultural soil with no history of pollution was collected from the research farm in Pretoria. It was artificially
contaminated in the laboratory by used car engine oil with a high PAH content. Bacterial strains were isolated and screened
from the bacterial community that endured this artificial contamination. Genomic DNA of the selected bacterial strain was
isolated and sequenced on Illumina MiSeq sequencer using the Nextera sample preparation kit and the 300bp paired-end
V3 Illumina chemistry. The genome was annotated using the NCBI Prokaryotic Genomes Automatic Annotation Pipeline.
Furthermore, the strain was also evaluated for its ability to solubilise phosphate, fix nitrogen and produce indoleacetic acid
(IAA) to ascertain its potential contribution to soil fertility.
Pseudomonas sp. strain 10-1B was confirmed to be a PAH degrader through culture characterisation after selective enrichment
using PAH as the sole carbon source and by identifying and molecular characterisation of the Gram negative PAH degrading
gene in the draft genome. The draft genome was predicted to compose of 5,584 protein-encoding genes and 5,361 coding
sequences (CDSs) in addition to 71 RNAs, of which 65 are tRNAs. In addition, several dioxygenases, reductases, ferredoxin and
Rieske proteins (Jouanneau et al., 2011) known to play active role in the initial hydroxylation of the aromatic ring and subsequent
incorporation of two atoms of oxygen at adjacent carbons for biodegradation to proceed were identified. Other genes, such as
dehydrogenases, identified as being involved in hydrocarbon degradation were also located. The strain was also confirmed
to have the capacity to solubilise phosphate, fix nitrogen and produce indoleacetic acid (IAA). Based on the bioremediation
and growth-promotion potential properties, Pseudomonas sp. Strain 10-1B could be applied in biotechnological applications.
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P GENO 11
Autochthonous microbial communities in oil-polluted Mediterranean Coast regions – Astonishing potential for
PAH bioremediation
K. Skopelitou1
1
UCL (Louvain la neuve, BE)
The indigenous microbial populations of sediment samples obtained from two sites across the Mediterranean coast were
studied in liquid cultures enriched with 2% (v/w) light crude oil for 20 days at 28°C. Elefsina bay in Greece and Gela in
Italy are hosting large oil refining facilities thus suffering from chronic petroleum pollution.
The main objectives of the study were to analyze the phylogenetic structure and changes, upon oil addition, of the autochthonous microbial community as well as the PAHs (Polycyclic Aromatic Hydrocarbons) biodegradation potential of
these populations well-adapted to petroleum contamination.
Bacterial and fungal community structures were analysed using amplicon pyrosequencing. In order to evaluate the
biodegradation potential of the microbial communities, crude oil extraction was followed by PAHs, n-alkanes separation
and quantification by gas chromatography.
Pyrosequencing data analysis showed that the dominant bacterial phylum, before oil addition, was Proteobacteria (68.9%
of classiﬁed OTUs on average), although Firmicutes and Actinobacteria were also present in Gela samples. After 20 days
of incubation, Alphaproteobacteria showed a significantly higher relative abundance of Erythrobacter, anoxygenic bacteria
found to be involved in PAHs degradation (Beazley et al. 2012). Proteobacteria were predominant, making up 41.65% in
Elefsina samples whereas Ralstonia of Betaproteobacteria, which can degrade small aromatics, showed a significant rise
after the end of the incubation period. Concerning the fungal communities, analysis of ITS amplicons showed that Gela
cultures were dominated by the phylum Ascomycota (88.5%). The relative abundances of phyla after the addition of the
oil to the system did not change significantly. For Elefsina samples, Aspergillus and Paecilomyces genera showed to be
present at higher level after oil addition, revealing a propable correlation between their abundance and the more extensive
degradation of HMW HCs. The following PAHs, fluoranthene < acenaphthene < anthracene < pyrene < phenanthrene,
were biodegraded in both samples while total n-alkanes concentrations were 78% and 89% lower for Gela and Elefsina
samples respectively at the 20th day of the incubation period.
The findings of the present study could be useful for investigating the cooperative catabolism of PAHs by indigenous microbes
as well as developing practical applications for effective bioremediation of PAH-contaminated sites in Mediterranean sea.
P GENO 12
Genome diversity of the major Pseudomonas aeruginosa clones C and PA14
S. Fischer1, N. Cramer1, J. Klockgether1, P. Moran Losada1, S. Dethlefsen1, C. Davenport1, M. Dorda1, A. Goesmann2
R. Hilker2, S. Mielke1, T. Schönfelder1, O. Türk1, L. Wiehlmann1, P. Chouvarine1, B. Tümmler1
1
MH Hannover (Hannover, DE)
2
University (Giessen, DE)
Introduction: Pseudomonas aeruginosa is an important causative agent of nosocomial infections. The two most prevalent
clonal complexes clone C and PA14 were analyzed by sequencing the genomes of 58 clone C and 42 clone PA14 isolates
from environment, acute infections and chronic airway infections.
Objectives: Investigation of the intraclonal genome diversity of the most common clonal lineages in the Pseudomonas
aeruginosa population.
Methods: Next Generation Sequencing (NGS), RNA-seq, bioinformatics, fitness experiments
Results: We completely sequenced a phenotypically characterized clone C strain (NN2) (Cramer et al., 2011) by DNAand RNA-seq which was not done yet. The 6,902,967 bp large NN2 genome encodes 6,601 open reading frames and
at least 898 non-coding RNAs.
Intraclonally, the length of syntenic segments with 100% sequence identity of two clone C or two clone PA14 strains was
large. Blocks of a median size of 99 kb (clone C) or 163 kb (clone PA14) shared DNA were identified. The majority of
strains forms a star-like structure of closely related independent singletons with very few outliers.
The ratio of synonymous to non-synonymous substitutions was higher than the expected value of 2.9/9.1 in all strains.
Comparing intraclonal sequence diversity against a clonal reference genome, neutral substitutions are more likely to be
fixed than amino acid substitutions. This trend of purifying selection against non-synonymous substitutions increases with
the total number of SNPs. Intraclonal diversity was not only caused by sequence variation and a variable composition of
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the accessory genome but also by deletions in the core genome up to 144 kb.
Fitness winners in nutrient rich and mineral media carried additional genes from phages and plasmids as well as for DNA
protection and modification and Type VI secretion.
Conclusions: Most sequence variants had emerged in the most recent clades and had not been fixed in the global population.
The major clones C and PA14 are endowed with distinct repertoires of functional protein variants. Clone C is more versatile
in genetic elements that confer the adaptation to a particular niche.
Cramer N, Klockgether J, Wrasman K, Schmidt M, Davenport CF, Tümmler B. Microevolution of the major common
Pseudomonas aeruginosa clones C and PA14 in cystic fibrosis lungs. Envion Microbiol. 2011 Apr 14
P GENO 13
Comparative genomics of marine Phaeobacter strains from different habitats reveals a conserved population
structure and genetic variability of acquired regions
H. Freese1, J. Sikorski1, B. Bunk1, J. Overmann1
1
Leibniz Institute DSMZ (Braunschweig, DE)
Phaeobacter bacteria are members of the Roseobacter-clade which are often associated with higher organism. Accordingly, these bacteria are not only present in natural marine environments, but often also in marine aquacultures of
fish larvae or mussels. Due to their ability to produce an antibiotic against pathogenic Vibrio species they are supposed
to protect the marine aquaculture organisms. Phaeobacter spp. utilize a broad substrate spectrum of organic carbon
substrates and can be induced to produce algaecide. These phenotypic properties of Phaeobacter and its occurrence
in different ecological niches including aquacultures raises questions regarding the genetic mechanisms of adaptation
and the resulting population structure. We performed comparative genomics for 32 strains with highly similar 16S rRNA
sequences and conducted phenotypic analysis. The Phaeobacter strains formed 4 distinct lineages and exhibited a
conserved phylogeny on different genetic levels. They shared a large core chromosome of 2920 genes but chromosomal
gene content between strains could vary by up to 366 genes. In contrast to other marine bacteria, like the SAR11 clade
and Vibrios spp., only little evidence for recombination was found. However, the Phaeobacter strains contained on average 19 (between 15-25) regions which were predicted to be of foreign origin. Eleven regions were identified as genomic
islands and 3 as prophages. The number of acquired elements differed slightly between clades but varied highly between
the strains of one clade. Classification of prophages indicated that strains were infected non-systematically by different
prophages. Even closely related strains differed regarding their prophage and genomic island content. All regions together
contained on average 7.5% of chromosomal genes which are further analyzed to identify if strains acquired genes with
specific functions via these mobile elements.
P GENO 14
Novel approach for the identification of biocatalysts by reverse omics techniques
R. Egelkamp1, S. Brady1, R. Daniel1
1
Georg-August-Universität Göttingen, Genomic and Applied Microbiology (Göttingen, DE)
The identification of novel enzymes is of interest for basic and applied research. Biocatalysts are already employed for various industrial processes as they are highly specific and often more environmentally friendly than traditional chemocatalysts.
Two culture-independent screening approaches for novel enzymes from environmental sources are used: a sequence-based
approach and a function-driven approach. The first method uses comparative genomics to mine (meta)genomes for new biocatalysts with the drawback, that only similar genes to already known ones can be identified. These new identified genes do
not necessarily exhibit the targeted function or reactivity with the compound of interest. The second method uses gene libraries
from metagenomic DNA and activity-based screens. The drawback of this system is its high effort and problems based on the
expression of functional proteins in heterologous hosts.
To circumvent the problems of these methods, a novel approach for the identification of biocatalysts by reverse omics techniques is developed. This approach is based on differential analysis of metatranscriptomic datasets without the necessity of
designing a suitable screen for the targeted biocatalyst. For this purpose, microbial communities are incubated in bioreactors
in the presence and absence of the target compound. Subsequently, mRNA of both approaches is isolated and sequenced and
differential analyses of the metatranscriptomic datasets are performed. Ideally for quantification and identification of full-length
genes, the RNA-datasets are mapped on a metagenome backbone, which is determined from the same samples. In this way,
active genes specific for the added compound are identified. Subsequently, expressed genes similar to the targeted enzyme
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class are cloned by PCR from the DNA backbone in expression vectors. Afterwards, the corresponding gene products can be
characterized. In addition to genes for the targeted biocatalysts also other genes responding to the added compound such as
genes encoding transporters or resistance as well as novel and hypothetical genes for the added compound can be identified.
Therefore this project will open new routes for the identification of tailor-made biocatalysts and contributes to the growing field
of enzymes used in green chemistry.
P GENO 15
Sequencing, assembly and structural characteristics of the genome of twelve strains from Corynebacterium
pseudotuberculosis bv. equi
R. Barauna1, M. P. Schneider1, S. Spier2, R. Ramos1, L. Guimarães1,3, D. Assis1, V. Azevedo1,3, A. Silva1,3
1
Universidade Federal do Pará, Genetics (Belém, BR)
2
University of California Davis, Department of Medicine and Epidemiology (Davis, US)
3
Universidade Federal de Minas Gerais, Genetics (Belo Horizonte, BR)
Until January 2015, twenty-one genomes of the species Corynebacterium pseudotuberculosis were deposited in the NCBI
database. The majority of them, classified as bv. ovis. C. pseudotuberculosis bv. equi, comprises strains whose main hosts
are horses and cattle. This biovar is the etiological agent of ulcerative lymphangitis, a globally distributed animal disease. We
sequenced the genome of twelve strains of C. pseudotuberculosis bv. equi using the Ion Torrent PGM platform. All strains
were isolated at California, USA, during the period that comprises October-1996 to August-2012. Affected horses have shown
different clinical symptoms, such as abscesses in pectoral, liver, lung, kidney or lymph nodes, and septic arthritis in hock.
After sequencing, the reads were filtered and subsequently assembled with the software Mira, and the resultant contigs were
extended with the software SeqMan Pro (Lasergene). The remaining gaps were manually closed using a script developed in
house, called GapBlaster, which uses a reference genome to compare to the raw data. An automatic and manually annotation of the CDSs was performed. Virulence factors described previously, such as phospholipase D, ferric uptake system, and
pili formation proteins, were detected in all genomes analyzed. The genomes had an average number of predicted CDSs of
2,232, an average size of 2,361,512 bp, and a GC content of 52%. Five of the twelve genomes were completely closed, and a
structural analysis using the Artemis Comparison Tool shows that these closed genomes despite their similar content, have a
high number of chromosomal rearrangements. The high number of genetic information generated in this study demonstrated
the high similarity between the genomes of bv. equi, despite their structural differences. A protocol to manually close gaps
was developed and a good number of complete genomes was obtained. Additional studies will be performed to evaluate the
relationship between the genomic content and the clinical characteristics of the infection.
P GENO 16
Microbial communities in compost soil are a rich resource for novel lipolytic genes as revealed by metagenomic
approaches
M. Lu1, R. Daniel1, S. Brady1
1
Göttingen University, Department of Genomic and Applied Microbiology (Göttingen, DE)
Esterases (E.C. 3.1.1.1) and lipases (EC 3.1.1.3), which catalyze both hydrolysis and the synthesis of acylglycerides and other
fatty acid esters, are industrially important enzyme classes. Recently, metagenomic approaches have been successfully used
for identification of novel lipolytic enzymes. In this study, compost soil was used as source to isolate novel lipolytic enzymes
through function-based and sequence-based metagenomic approaches. Moreover, structure of the bacterial community in
compost soil was assessed by amplicon-based 16S rRNA gene analysis. To study the microbial community composition, DNA
and RNA were extracted from compost soil, the V3-V5 regions of bacterial 16S rRNA genes and transcripts were amplified
and sequenced. Both analyses revealed that the bacterial community was dominated by members of the phyla Bacteroidetes,
Firmicutes, Actinobacteria and Proteobacteria. To isolate novel lipolytic enzymes, a small-insert plasmid metagenomic library
was constructed, which consisted of approximately 475,200 clones with an average insert size of 5 kb. Function-driven screening of the library resulted in 158 lipolytic-positive clones. Subsequently, the plasmid DNA from the positive clones was isolated,
pooled and sequenced by Illumina method. After assembly and annotation of the Illumina reads, 314 contigs (>2,000 bp) were
recovered and 174 putative lipolytic genes were identified. Additionally, metagenomic DNA from the compost soil was directly
sequenced and used for sequence-based identification of lipolytic genes. Annotation of the thereby recovered metagenomic
reads using MG-RAST showed 1,881,052 predicted functions according to the SEED subsystems. Among these functions,
2.4% were related to fatty acid and lipid metabolism.
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Enabling of rapid strain characterization for filamentous organisms
J. Koepff1, M. Keller1, W. Wiechert1, M. Oldiges1
1
Forschungszentrum Jülich, IBG-1 (Jülich, DE)
Introduction: Bacteria of the genus Streptomyces are interesting candidates for heterologous protein expression and
prod. of pharmacological active compounds. While genetic engineering tools are in place, only very few approaches
focused on sophisticated strain characterization methods to rapidly identify phenotypic differences. Due to their complex
filamentous growth behavior, Streptomyces sp. show larger variability between independent biological experiments,
than bisecting bacteria. Therefore, a larger number of parallel cultivations are needed to verify differences with sufficient
statistical confidence demanding for higher cultivation throughput.
Objectives: Bringing together ideas from parallelized small scale cultivations with the special needs of filamentous organisms, such as morphology, allows to accelerate the strain characterization process for such organisms.
Materials & methods: In order to characterize S. lividans mutants, a standardized workflow was developed which covers
cryo-, pre- and main-culture conditions, sampling strategies and data analysis. For parallelized cultivation, a microtiter-plate
based cultivation system is applied in combination with a liquid-handling robot, to provide additional information about
growth, morphology and product formation.
Results: For proof of concept we compared our accelerated cultivation workflow to an established lab-scale bioreactor system. Thereby, no significant differences with respect to growth rate, substrate uptake, by-product spectrum and
morphology were observed. Because of the parallelized micro scale cultivation approach with robot-assisted sampling
procedures, valid data with good statistics is produced in only a fraction of time usually needed to obtain such high quality
results in a lab scale bioreactor. Subsequently, we successfully applied this cultivation tool to screen media components
and smart and rapid characterization of phenotypes for a first set of genome-reduced S. lividans mutants.
Conclusion: Our validated micro scale cultivation workflow enables reliable and time effective strain characterization.
This is successfully shown by characterization of a set of genome-reduced strains, paving the way for accelerated strain
and bioprocess engineering with S. lividans production organisms.
P GENO 18
Solventogenic clostridia: A surprising diversity
A. Poehlein1, J. Montoya2, S. Flitsch2, B. Stegmann2, B. Willson3, K. Winzer3, P. Krabben4, N. Minton3, P. Dürre2
R. Daniel1
1
Institute of Microbiology and Genetics, Department of Genomic and Applied Microbilogy and Göttingen Genomics
Laboratory (Göttingen, DE)
2
Institute of Microbiology and Biotechnology (Ulm, DE)
3
The Clostridia Research Group, BBSRC/EPSRC Synthetic Biology Research Centre, School of Life Sciences, Centre
for Biomolecular Sciences (Nottingham, GB)
4
Green Biologics Ltd (Abingdon, 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. 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 28 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 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

68

ProkaGENOMICS 2015 • Göttingen • Germany

Poster Presentations
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.
P GENO 19
Comparative genomics of environmental mycobacteria: Ecological and clinical implications
D. Jaén-Luchoro1, C. Seguí1, F. Salvá-Serra1, F. Aliaga-Lozano1,2, A. Busquets1, M. Gomila1, J. Lalucat1
A. Bennasar-Figueras1
1
Universidad de las Islas Baleares, Biology (Palma de Mallorca, ES)
2
Clínica Rotger, Laborario de Microbiología (Palma de Mallorca, ES)
Introduction: Species classified as rapid growing mycobacteria (RGM), or non-tuberculous mycobacteria (NTM), are widely
distributed in the environment and some of them are considered emerging opportunistic pathogens. Nosocomial infections
caused by RGM are usually difficult to treat as a consequence of the resistance to antibiotics or other external factors.
Objectives: i) Genome sequencing of significant RGM type strains, environmental and clinical isolates. ii) identification of
gene families, functional characterization and comparative analysis to describe the core-pangenome of RGM.
Materials & methods: The draft genomes were obtained using reads from Illumina platform. Complete genomes were
closed combining data of several NGS platforms (Illumina, 454 and PacBio). Hybrid approaches were applied for both, de
novo assembly and scaffolding. A comparative analysis was performed applying three clustering algorithms: Bidirectional
Best-Hits (BDBH), COGtriangle (COG) and OrthoMCL (OMCL). The conserved set of gene families across all genomes
(core) and the cumulative set of all genes (pangenome) were estimated. Alignments of single-copy genes of BDBH/COG/
OMCL clusters intersection (“strict” core genome) and a pangenome matrix derived from presence/abscence of genes
were used for core and pangenome trees calculation.
Results: The analyses of core-pangenome curves fitted to exponential models, for genomes of the 14 RGM species
studied, revealed an estimated size of 1,318 gene families for the “strict” core genome. The pangenome fitted functions
seem to converge to linear growth and 14,507 gene families. The exclusive genes identified for each species (pangenes)
were between 124 (M. chelonae) and more than 500 (M. llatzerense).
Finally, clustering agreement was observed in trees derived from 16S rDNA, “strict” core genome and pangenome comparative analysis, although the discrimination capability was clearly different.
Conclusion: The comparative analysis of representative strains of species of environmental and clinical mycobacteria,
along with genomes of other species of the genus Mycobacterium, will improve the understanding of their evolution and
the mechanisms underlying their ability to adapt to different ecological niches, including the human.
P GENO 20
Metaviromic analysis of soil in Kogelberg Biosphere Reserve
J. Raphela1,2, E. Adriaenssens2, T. Tsekoa1, K. Rashamuse1, D. Cowan2
1
CSIR, Biosciences (Pretoria, ZA)
2
University of Pretoria, Center for Microbial Ecology and Genomics (Pretoria, ZA)
Kogelberg Biosphere Reserve (KBR) in the Cape Floristic Kingdom is known for its high plant species diversity in a
relatively small area (Slabbert et al. , 2010).
Aim: In this study, we analysed soil metaviromics of the KBR. The unique plant biodiversity of this region and the possibility
of unique microorganisms associated with the plants led us to explore the viral biodiversity of its soil (Stafford et al. , 2005).
Methods and Results: Metavirome DNA was recovered from soil and sequenced by Illumina Next Generation Sequencing. A total of 1671 sequence reads were obtained from the metavirome of an initial sampling site. From the assembled
contigs, 5341 genes were predicted, of which 6 were complete circular sequences. Metavir analysis identified 33.99% of
the metavirome as potential viral genes based on the significant hit threshold of 50 on the BLAST bitscore (Fig 1). Phylogenetic analysis of PolB, PolB2, terL and VP1 genes indicated that many of the sequences were unknown and distinct

6th European Conference on Prokaryotic and Fungal Genomics

69

Poster Presentations
from known isolates. Prokaryotic viral sequences represented a relatively high abundance of Caudovirales; in particular
family Siphoviridae was most prevalent (Fig 2).
Conclusion: Novel virophage-like sequences were also identified, which could serve as a resource for future studies to
target specific viral groups and discover novel enzymes for biotechnology and molecular biology research.
SLABBERT, E., KONGOR, R.Y., ESLER, K.J. and JACOBS, K., 2010. Microbial diversity and community structure in
Fynbos soil. Molecular ecology, 19(5), pp. 1031-1041.
STAFFORD, W.H., BAKER, G.C., BROWN, S.A., BURTON, S.G. and COWAN, D.A., 2005. Bacterial diversity in the
rhizosphere of Proteaceae species. Environmental microbiology, 7(11), pp. 1755-1768.
Fig 1: Taxonomic composition of the KBR soil metavirome. Composition type was GAAS (genome length normalisation)
with a threshold of 50 on score, as generated by MetaVir. The most abundant virus taxa are indicated in red, second
yellow, then green and blue (at below 1%).
Fig 2: relative abundance of identified phage isolate sequences based on predicted ORFs by MetaVir (e-value cut-off,
10-5) against RefSeq database. Phage isolates were clustered and counted per their bacterial hosts in their respective
habitats. Bacterial host phylum is indicated below the species in bold.

Figure 1			

Figure 2

P GENO 21
Development and validation of new qPCR assays for detection of mould fungi in indoor air
K. Valtanen1, C. Baschien2, K. Jacobs3, R. Szewzyk1
1
Umweltbundesamt, Fachgebiet II 1.4 Mikrobiologische Risiken (Berlin, DE)
2
DSMZE, Mikrobielle Ökologie und Diversität (Braunschweig, DE)
3
Institut für Holztechnologie (Dresden, DE)
An increased spore concentration in indoor air is often the only indication for mould damages in building structures. Rapid
detection and identification enables a short-term renovation and reduces exposure times of inhabitants. However, rapid
and specific methods for practical use to detect spores and conidia in indoor air are missing. The current PCR based
assays are not developed for the identification and quantification of filamentous fungi from spores. Moreover, the number
of specific assays is low and many gene regions used to identify fungi do not differentiate the highly diverse filamentous
fungi on species level.
In this study, we aimed to develop and validate new qPCR assays for detection of spores and conidia from indoor air
samples. We developed specific primers for nested PCR targeting ITS rDNA, betatubuline gene (benA), calmoduline
gene (caM) and Translogation Elongation Factor 1α (Tef1) for three fungal species (Stachybotrys chartarum, Aspergillus
versicolor and Penicillum chrysogenum) associated with indoor water damages and mould. Primers were designed with
the software programs MEGA 5 (Tamura et al. 2011) and Primer 3 (Untergrasser et al. 2007). Primer quality and PCR
product size were tested with Primer 3 (Untergrasser et al. 2007) and Oligocalc (Kibbe, 2007). All qPCR assays were
validated using spore dilutions of the three reference species with defined DNA concentrations. As internal amplification
standard, we used artificial amplicons of the target PCR regions.
Specific qPCR assays targeting ITS regions of the three fungi had a high determination coefficient (< 0.995). The detection limit for all assays was 0.1 pg genomic DNA and all tested strains of the three target species (S. chartarum and P.
chrysogenum n = 6, A.versicolor n = 10) were detected. The PCR efficiency varied between 65% and 105%.
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This study demonstrates that despite improved primers, ITS rDNA did not discriminate all filamentous fungi to species
level. The next step will be to develop qPCR assays targeting caM and benA genes. Furthermore, the quantification of
spores will be optimized by establishing spore standards and determinating of important validation parameters for the
qPCR test setting.
P GENO 22
Unusual features of phiNFS - a therapeutic phage closely related to phiKMV-like phages
V. Krylov 1, L. Kulakov2, S. Krylov1, M. Burkaltseva1, D. Magill2, O. Shaburova1, E. Pleteneva1
1
I.I.Mechnikov Research Institute for Vaccines & Sera , Lab. for Genetics of Bacteriophages (Moscow, RU)
2
Queen’s University Belfast, School of Biological Sciences, Medical Biology Centre (Belfast, GB)
phiKMV-like bacteriophages [1] of Pseudomonas aeruginosa are constant components of all commercial phage therapeutic
mixtures. They have a broad spectrum of lytic activity and the unique ability for prolonged growth on bacterial lawns. The
disadvantage of phiKMV-like phages is their ability to introduce infected bacterial cells into the pseudolysogenic state [2].
This property is apparently the reason for unsuccessful phage treatment when phiKMV-like members are utilized alone
[3].To overcome this drawback, the addition of bacteriophages of other species is necessary to kill pseudolysogenic cells.
We have identified a new phiKMV-related bacteriophage, phiNFS. At the first plating on lawn of the standard host strain
PAO1, phiNFS forms small transparent plaques which segregate variants indistinguishable from plaques of phiKMV [3].
However, phiNFS exhibits an unusual pattern of growth on lawns of clinical isolates resistant to phiKMV where punctuated
steps of lytic and pseudolysogenic development are observed. This cyclical growth is observed within a few days of incubation. The interaction of phiNFS with other phage species is varied. Some of them restrict the growth of phiNFS, whereas
others have no such inhibitory effect. The sequenced and annotated phiNFS genome revealed a high level of nucleotide
homology to phiKMV. However, upon comparison with other members of the group, we found that recombination event(s)
with ancestors of other phiKMV-like phages have taken place during the evolution of the early gene region. It is likely that
the changes introduced by this recombination have contributed to the unusual behavior of phiNFS.
References:
1) Lavigne R., Burkaltseva M.V., Robben J., Sykilinda N.N., Kurochkina L.P., Grymomprez B., Jonckx B., Krylov V.N.,
Mesyanzhinov V.V., Volckaert G. 2003. The genome of bacteriophage phiKMV, a T7-like virus infecting Pseudomonas
aeruginosa. Virology, 312:49-59.
2) Henry M., Lavigne R., Debarbieux L. 2013. Predicting in vivo efficacy of therapeutic bacteriophages used to treat
pulmonary infections. Antimicrob Agents Chemother, 57: 5961-5968.
3) Krylov V.N., Shaburova O., Pleteneva E., Krylov S., Kaplan A., Burkaltseva M., Polygach O., Chesnokova E. Selection of phages and conditions for the safe phage therapy against Pseudomonas aeruginosa infections Virologica Sinica
2015, 30 (1): 33-44.
P GENO 23
Comparative genomics of nitrogen fixation metabolic pathway
L. Presta1, M. Fondi1, R. Fani1
1
University of Florence, Evolution Biology (Sesto Fiorentino, IT)
Most biological nitrogen (N2) fixation results from the activity of a molybdenum-dependent nitrogenase, a complex iron-sulfur
enzymes found associated with a diversity of bacteria and archaea. It has been suggested that all extant nitrogenases
sequenced so far are derived from a single common ancestor. The last probably was a protein which might have assembled
to give a homotetrameric (or a homomultimeric) complex with a low substrate specificity able to catalyze more than one
enzymatic reactions. Despite the importance of this metabolic pathway very little is known about the emergence of all
the involved nif genes. Here, by exploiting comparative genomics on a set of nitrogen fixers genomes, we tried to infer
the molecular mechanisms that shaped this metabolic pathway and the stepwise evolution that led to this highly complex
life-sustaining process as we see it perpetuated in extant biology.
Molecular phylogeny analysis of multiple Nif proteins and related paralogs have been performed.
The data obtained, along with the phylogenetic distribution of the involved proteins and the currently available structural
inference, helped to propose an evolutionary model which explains the extant pattern of nitrogen fixation genes in different
organisms, according to their environmental niches, and that fits with geochemical observations on Early Earth atmosphere.
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P GENO 24
Search for Glucose-Catabolite-Repression negative Clostridium acetobutylicum strains using continuous
cultures
J. Müller1, J. Lesiak1, W. Liebl1, A. Ehrenreich1
1
TU München, Lehrstuhl für Mikrobiologie (Freising, DE)
Introduction: The Gram-positive, obligate anaerobic bacterium C. acetobutylicum ATCC 824 is an organism that has
widely been used for industrial acetone-butanol-ethanol (ABE) fermentation from renewable resources. However, these
fermentations often compete with food production so the usage of substrates that contain a large amount of pentoses
comes into focus.
Objectives: Unfortunately, substrates that are made from e.g. hemicellulosic materials contain a certain amount of
glucose that causes catabolite repression in C. acetobutylicum so usage of pentoses is hindered. This phenomenon is
well-studied in the Gram-positive model organism B. subtilis but little is known about catabolite repression in Clostridia.
We search for new strains of C. acetobutylicum that lack glucose-catabolite repression to get new insights into this subject.
Materials and Methods: For that purpose, we conduct continuous cultivations of C. acetobutylicum in a chemostat on
phosphate- and carbon-limited minimal media in order to create selective pressure that helps to select for mutations
that enable the usage of xylose in the presence of glucose. These mutants are about to be analysed by transcriptional
analysis and sequencing approaches.
Results: Two operons have been identified that are induced during growth on a mixture of glucose and xylose. Furthermore,
through enrichment in a carbon-limited chemostat mutants could be selected that are able to ferment excess xylose in
the presence of glucose. These mutants have been characterized towards their usage of the different substrates in batch
cultures, the production of solvents and the loci of the mutations.
Conclusion: These findings lead to the conclusion that mutagenesis by continuous cultivation represents a powerful tool
to create new strains of C. acetobutylicum that have lost glucose-catabolite repression.
P GENO 25
Mechanisms of genetic control at biomass hydrolysis reactions by Trichoderma harzianum degrading fungus
M. A. Crivelente Horta1, A. Crucello1, C. Santos1, J. Filho1, A. Pereira de Souza1
1
Estate University of Campinas, MoleculaBiology and Genetic Engineering Center (Campinas, BR)
The analyzed transcriptome of the fungus Trichoderma harzianum IOC-3844 produced under conditions that induce
biomass degradation allow the identification of related gene sequences, an essential step for understand the enzymatic
hydrolysis process.
Trichoderma harzianum is a public fungi with promising potential to biodegradation process. The study provide important
information about the genetic mechanisms that these fungus uses, information that could be useful for other species of
filamentous fungi, to improve the biodegradation technology.
The analysis of T. harzianum genomic sequences involved in cellulose and hemicellulose degradation allow the determination of genes related to expression of enzymes classified as CAZY (Carbohydrate Active Enzymes) that promote the
degradation of lignocellulosic compounds. The results delineated the entired transcriptome of the fungus. Using NGS
sequencing and de novo assembly, the sequences were annotated and used to determine the genes and the expression
levels related to degradation ways. For the first time was determinated the exact group of genes related to cellulose and
hemicelulose depolimerization (Horta et al, 2014).
Another interesting study determined large gene regions, by BAC libraries (Bacterial Artificial Chromosome), which contains the sequence responsible for transcription regulation regions of genes related to the biodegradation (Crucello et al,
2015). The knowledge produced about the sequences related to T. harziaum enzymatic system allow the production of
recombinant proteins that could be used to improve the performance of enzymatic cocktails for hydrolysis.
All results recently obtained by our group will bring great impact on the findings of the regulation and expression of genes
responsible for biodegradation in Trichoderma harzianum.
The perspectives include the analyses of expression regulation mechanisms in different strains of T. harzianum (CBMAI
0020 CBMAI 0179 and the IOC 3844), and T. reesei (RUTC30) induced by cellulose degradation conditions. We hope
identify elements responsible by differences in gene expression and enzymatic activities profiles.
Horta MAC,, et al. (2014), PLoS ONE 9(2): e88689. doi: 10.1371/journal.pone.0088689
Crucello A., et al. (2015), PLOS ONE 10.1371/journal.pone.0122122
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Unraveling the genetic difference behind two phenotypes of Pseudomonas aeruginosa PA14 found during lab
maintenance
C. Berger1, M. Rosenbaum1
1
RWTH Aachen, iAMB (Aachen, DE)
The opportunistic human pathogen Pseudomonas aeruginosa employs a wide array of virulence factors including biofilm
formation and phenazine production (Jayaseelan, et al.; 2014, Davies et al.; 1998). Phenazines also give P. aeruginosa
the possibility to interact in a bioelectrochemical system (BES). While investigating the genetic background of these
interactions, we observed two distinct phenotypes in a PA14 stock culture.
Objective: The aim of this study was to understand the genetical difference between the two PA 14 phenotypes. Further
their impact on important virulence factors like phenazine production and biofilm formation were elucidated.
Methods: After verifying the strain identity of both substrains with P. aeruginosa PA14, a DNA resequencing of both colony
forms was performed. For full phenotypical characterization BES experiments were performed at a potential of 0.2 V. The
behavior of each substrain was monitored electrochemically using different media as well as liquid and solid cultivation.
Further analyses were carried out via metabolite-and phenazine HPLC.
Results: On standard LB plates, both colony types show a distinguishable phenotype. While the lighter form produced a
high amount of blue pyocyanin, the darker colonies produced a reddish pigment. This behavior is not observed in liquid
LB media and in the BES with AB minimal media. Here, the darker substrain produced a higher amount of electrochemical active phenazines faster, leading to a significantly higher electrical current. On the other hand the lighter phenotype
produced a thicker biofilm at the liquid-air interface. The mix of both forms led to the fastest current production reaching
a maximum of ~2.7 mA after 9.5 days with 2,3 butandiol as a carbon source. Currently, the genomes of both substrains
are resequenced and evaluated for a genetic base of the different phenotypes.
Conclusions: The genome of P. aeruginosa encodes a complex network of interacting virulence factors. Due to its phenazine production PA 14 has proven valuable in bioelectrochemical research. Hereby the performance directly depends
on the expression of these compounds. This study shows that different phenotypes of this strain, with different genetical
traits, might easily develop in laboratory cultivation.
P GENO 27
Efficient detection of large insertions and deletions in microbial genome sequencing data
P. Monsieurs1, J. Vandecraen1, K. Mijnendonckx1, N. Leys1, R. Van Houdt1
1
Belgian Nuclear Research Center (SCK-CEN), Environment, Health & Safety (Mol, BE)
Mobile Genetic Elements (MGEs) like transposons and insertion sequences are important drivers of microbial genome
evolution, and the deciphering of their behavior is important in understanding their role in bacterial evolution. This mobility
of MGEs is often studied in laboratory evolution experiments, where the genome stability of a microbial strain is followed
up via resequencing of the bacterial culture over time, most often combining this experiment with an environmental stress.
However, such resequencing approaches are repeatedly hampered by those MGEs. As those MGEs are frequently present in multiple copies, identification of the correct elements and its corresponding position is mostly not straightforward.
Moreover, the majority of algorithms focusing on deletions and insertions of large genetic elements are focused on
eukaryotic applications, mostly performing suboptimal when applied to bacterial genomes. Therefore, within this work we
developed a method for accurately predicting the deletion or insertions of large genetic elements in bacterial genomes,
based on paired-end Illumina sequencing, where our method obtains a higher performance than other tools like Delly
and BreakDancer for detecting structural genome variations. Moreover, our tool also outperforms other tools specifically
focusing on detection of MGEs without the need of having access to a list of known reptititive elements in the genome, a
condition often required by most other tools like ISMapper or T-lex. Where this positive trend of our algorithm was already
observed on simulated sequencing data over a wide range of parameters (coverage, read length, size of the inserted or
deleted element, etc.), the effect was even more pronounced when dealing with real-life sequencing data.
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Characterization of microbial communities related to biogenic sulfuric acid corrosion within different full-scale
digesters
B. Huber1, J. Drewes1, R. König2, E. Müller1
1
TU München (Garching, DE)
2
Weber-Ingenieure GmbH (Stuttgart, DE)
Sewerage and wastewater treatment infrastructures are often exposed to a process called biogenic sulfuric acid corrosion (BSA). For the BSA process different microbial communities are required. In a first step, anaerobic sulfate-reducing
bacteria (SRB) convert sulfate into hydrogen sulfide which can be further oxidized to sulfuric acid by aerobic sulfur-/
sulfide oxidizing bacteria (SOB) leading to the degradation of concrete. While BSA is well studied in sewer pipes, a lack
of understanding exists regarding sludge digesters. The aim of this study is to reveal BSA in different digesters by isolating
and characterizing the relevant microbial communities (SRB and SOB).
For this purpose, six different full-scale digesters showing characteristic BSA damage patterns were analyzed. Digester
sludge and concrete/biofilm samples were taken to investigate the SRB and SOB communities, respectively. SRB and
SOB diversity studies were performed using polymerase-chain-reaction (PCR), denaturing gradient gel electrophoresis
(DGGE) and sequencing. Furthermore, the SOB community was analyzed using V1-3 16S rRNA amplicon sequencing.
DsrB gene based PCR-DGGE from different sludges revealed the presence of various uncultured SRB (Deltaproteobacteria) indicating SRB activity and H2S- production. The SOB analysis with PCR-DGGE showed six typical SOB species
relevant for the BSA process: Acidithiobacillus thiooxidans, Acidithiobacillus ferrooxidans, Thiomonas intermedia, Thiomonas perometabolis, Thiobacillus thiooparus and Paracoccus sp. A. thiooxidans and the Thiomonas species (genus
Thiobacillus) could be also gained as pure cultures. Especially the detection of A. thiooxidans, the key organism within the
BSA process, provides evidence of a progressed BSA attack. Also with 16S rRNA amplicon sequencing microorganisms
belonging to the genus Thiobacillus and further SOB such as Arthrobacter sp. and Sulfuricurvum sp. could be detected.
Finally, all microbial communities related to BSA (SRB and SOB) were identified indicating that BSA typically affecting
sewer pipes can also occur in sludge digester.
P GENO 29
Genomic and physiological analyses of Aeromonas sp. O23A and Shewanella sp. O23S - bacterial strains
isolated from mine waters contaminated with heavy metals
W. Uhrynowski1, P. Krawczyk2, L. Lipinski2, A. Sobczak2, A. Sklodowska1, L. Drewniak1
1
Faculty of Biology, University of Warsaw, Laboratory of Environmental Pollution Analysis (Warsaw, PL)
2
Institute of Biochemistry and Biophysics, PAS, Laboratory of RNA Biology and Functional Genomics (Warsaw, PL)
Dissimilatory arsenate reducing bacteria are found in various environments and play a key role in the biogeochemical
cycle of arsenic. Still little is known about the structure and functioning of the genomes encoding proteins involved in
arsenic metabolism and transformation, either directly (e.g. arsenate reductase, permease, cytochromes) or indirectly
(e.g. proteins involved in the synthesis of siderophores and organic ligands). Genomes of only a few arsenate reducing
bacteria are available in the databases, and there are no genomes of Aeromonas representatives capable of arsenic
metabolism. The aim of this study was to gain an understanding on the physiological mechanisms and the genetic basis
of adaptation to the extreme environmental conditions of two dissimilatory arsenate reducing bacterial strains Aeromonas
sp. O23A and Shewanella sp. O23S, which were isolated from an ancient gold mine in Zloty Stok, localized in SW Poland.
The genomes of Aeromonas sp. O23A and Shewanella sp. O23S, of the size approx. 5.0 and 9.7 Mbp, respectively,
were sequenced and annotated. Genes for arsenic respiration, resistance to heavy metals and other phenotypic modules
were identified in both genomes and their functionality was assessed using the fosmid libraries created. Additionally, the
presence of a few extrachromosomal replicons (6 for the strain O23A and 5 for O23S) was noted. It was found that the
plasmid pSheB of Shewanella sp. O23S carries a functional copy of arsenic metabolism and resistance genes.
The synergistic effect of a high concentration of arsenic coupled with other stress factors, such as the presence of (i) heavy
metals (Cu, Fe, Zn, Ni), (ii) phosphates and glycerol (to investigate the activity of the efflux pump system arc found in the
genomes), as well as (iii) various conditions of salinity, pH, temperature, on the physiology of the strains was studied.
The results showed that both the strains exhibit resistance to the factors, and indicated which of them are most likely to
result in arsenic metabolism slowdown.
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The presented physiological and genomic characterization of the tested strains shed light on the importance of arsenic
respiration in the overall metabolism of these bacteria, also in the context of their presumed role in the purification of the
heavy-metal-contaminated environment.
P GENO 30
Quantifying the energy conservation from sulfur and thiosulfate respiration in the genus Petrotoga
(Thermotogae) through genomic and transcriptomic analyses
M. Mühling1, A. Poehlein2, A. Pollender1, R. Daniel2, C. Gniese1, M. Schlömann1
1
TU Bergakademie Freiberg, Institute of Biological Sciences (Freiberg, DE)
2
Georg-August-University Göttingen, Genomic and Applied Microbiology & Göttingen Genomics Laboratory
(Göttingen, DE)
The genus Petrotoga is known to exclusively consist of anaerobic thermophilic microorganisms isolated from subterrestrial
petroleum or natural gas reservoirs. Fermentation of various polysaccharides in the absence or presence of elemental
sulfur as electron acceptor appears to be another common feature of the six described Petrotoga species, while only
some of these species are able to respire thiosulfate. There is currently little known about the mechanisms responsible
for sulfur and thiosulfate respiration which result in improved growth. We therefore used genomic and transcriptomic approaches to reveal the genetic basis for energy conservation from sulfur and thiosulfate respiration in Petrotoga miotherma.
Reconstruction of the energy metabolism from the complete genome sequence (2.17 Mbp) indicated that cytosolic hydrogenases may be responsible for the regeneration of reducing equivalents in the absence of either sulfur or thiosulfate.
Additionally, the presence of an archaeal type gene cluster consisting of membrane bound hydrogenase and ion (e.g.
proton or sodium ion) export functions provided evidence for a similar scenario known to be involved in sulfur respiration
in Pyrococcus furiosus, that is coupling proton reduction to proton translocation for energy conservation and, hence, the
observed increase in growth in the presence of sulfur.
These hypotheses were confirmed by the results obtained from transcriptome experiments which consisted of RNA-seq
analyses of cultures grown either in the presence of maltose, or maltose plus either sulfur or thiosulfate. For example,
growth in the presence of sulfur resulted in a strong increase in the expression of the archaeal gene cluster. The resulting ion gradient appears to be subsequently used by an ATP synthase for extra energy gain of one molecule ATP per
molecule glucose.
Although the metabolic path of thiosulfate reduction could not yet be convincingly explained evidence is still provided that
energy conservation is achieved similarly to the mechanism described for sulfur dissimilation. However, further detailed
transcriptomic analyses possibly coupled to physiological experiments (e.g. incubation with isotopically labelled thiosulfate)
are required to reliably predict the fate of thiosulfate during thiosulfate reduction.
P GENO 31
Analyses of the microbial community in the gut system of European beavers (Castor fiber)
R. Pratama1, S. Brady1,2, R. Daniel1
1
University of Göttingen, Department of Genomic and Applied Microbiology (Göttingen, DE)
2
Bayer Technology Services GmbH (Leverkusen, DE)
The field of metagenomics is advancing fast and widely used to study the composition of microbiota in environmental
samples and recover novel biomolecules. The microbial community in the gut system of the European beaver (Castor fiber)
is an interesting source for the recovery of novel polymer-degrading enzymes, as the beaver’s diet comprises a high fiber
content. It is known that beavers digest the fiber-rich food with help from polymer-degrading bacteria in its gut system,
mainly in the cecum part. Current information about the microbial composition in the cecum is limited. A prerequisite for
metagenomic approaches is the isolation of high-quality DNA from the studied environmental sample. In this study, three
different DNA extraction methods (MoBio Powersoil, modified Masterpure Epicentre and SDS-based methods) were tested
for the isolation of microbial. DNA from beaver gut (cecum) and evaluated with respect to yield and purity of the recovered
DNA, thereby isolated DNA was used as a template for amplicon-based analysis of 16S rRNA gene sequences. The data
were used to assess bacterial community composition and diversity of the gut system. The 16S rRNA gene analyses
showed that members of the phylum Firmicutes were predominant (50.1%). Other phyla comprised Actinobacteria (46.0%),
Bacteroidetes (1.6%) and Fusobacteria (1.5%).
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P GENO 32
The metagenomics of winemaking
M. Bennedsen1, J. Baelum1, T. Gilbert2, T. Sicheritz-Ponten3, N. Edwards1, E. Brockmann1, M. Abel-Kistrup1, B. Stuer
Lauridsen1, A. Moeller1, B. Petersen3, S. G. Saerens1, H. Swiegers1
1
Chr Hansen, Innovation (Hoersholm, DJ)
2
University of Copenhagen, Center for GeoGenetics (Copenhagen, DK)
3
Technological University of Denmark, Center for Biological Sequence Analysis (Lyngby, DK)
Winemaking is complex: Grapes are harvested in the field, carried to the winery and crushed to prepare the must.To start
primary (alcohol) fermentation yeast may be added to the must or may occur naturally as ambient yeast on the grapes
or in the air. The next process is malolactic fermentation (MLF). This is a several weeks long process where lactic acid
bacteria - often Oenococcus oeni - converts malic acid to lactic acid softening the taste of the wine. In cold and wet years
like 2013 many microorganisms pose a threat to the winemaking. Many grapes burst in the field enabling growth of molds
as well as acetic acid bacteria, all of which produces off flavors in the wine. Chr Hansen A/S has recently launched a
new culture “Viniflora NoVATM” which is added before yeast inoculation. In this way MLF before and/or during alcohol
fermentation, leading to a fast and secure overall fermentation process.
The objective of the study was to investigate the influence of addition of “Viniflora NoVATM” on the malolactic fermentation,
the flavor formation and the microbial population dynamics in large scale industrial wine fermentation in Spain.
Materials & Methods: The trial was carried out with two red grape varieties (Tempranillo & Bobal) and on white grape
variety (Airen) as a “case-control” study in wine fermentors of 16-80 M3 in the two consecutive years 2012-2013.
Samples were taken on days 0, 1,2,3,4, 7, 10 and 14. All samples were analyzed for malolactic conversion, flavor formation
and DNA was purified and sequenced by Illumina shotgun sequencing and the output was used for metagenome analysis.
Selected samples were also cultured for the presence of spoilage organism like lactic acid bacteria.
Results: Inoculation with “Viniflora NoVATM” lead as expected to a fast MLF and a significant increase in fruity flavor nodes
of the final wine as confirmed by chemical and sensory analysis. Metagenomic analysis of the sequence data revealed,
that “Viniflora NoVATM” also significantly reduces spoilage organisms like molds and acetic acid bacteria.
Conclusion: The present study shows, that “Viniflora NoVATM” enables a faster winemaking, improves flavor formation
and biological stability of the wine. The study has also demonstrated that metagenomics is a powerful tool to understand
the complex fermentation process of winemaking.
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Figure 2

P GENO 33
Static and dynamic transcriptome driven construction of a genome reduced Streptomyces lividans TK24
production strain
T. Busche1, C. Rückert1, A. Winkler1, K. Bernaerts2, J. Anné2, K. Simoens2, A. Economou2, J. Kalinowski1
1
Bielefeld University - CeBiTec, Microbial Genomics and Biotechnology (Bielefeld, DE)
2
KU Leuven, Department of Chemical Engineering (Leuven, BE)
Introduction: Streptomyces lividans TK24 possesses an excellent capacity to produce proteins and is one of the best
hosts for heterologous expression of biosynthetic gene clusters. Furthermore it is characterized by the ability to secrete
the recombinant heterologous proteins directly into the medium.
As such, it is often used as an experimental microbial cell factory for the production of secreted heterologous proteins,
industrial enzymes, and of several antibiotics.
Objectives: In order to lay the foundation of a Streptomyces-based new industrial production platform for high value
added biomolecules, the static and dynamic transcriptome of S. lividans TK24 was analysed.
Material and Methods: The process of transcriptome sequencing was performed for 6 samples, obtained from two
different cultivations (MM+Glucose and MM+Glucose+Casamino acids) and from three different time points (early and
late log phase, stationary phase). Two different protocols for library preparation were used in order to identify transcript
starts with a single nucleotide resolution on the one hand, to identify novel transcripts, operon structures, and to perform
differential expression analyses on the other hand.
Results: Sequencing with Illumina HiSeq generated more than 25 million mapped reads per sample. This comprehensive
data set was used to identify and to quantify transcripts in a genome-wide manner. Differential analysis was coherent with
physiological changes and with knowledge from literature.
Conclusion: The data sets will now serve to identify potentially adverse genes expressed under the prospective producing conditions: I) secondary metabolite gene clusters to prevent the energy drain, thus improving the yields of the
desired product, II) genes encoding highly expressed proteases in order to recover intact proteins in their active form, III)
dispensable sigma factor genes associated with late-exponential and stationary growth to lower maintenance efforts in
the production phase and increase product yields.
Acknowledgements: The project was funded by the EU: FP7 projectStrepSynth, n◦613877.
P GENO 34
The transcriptional regulation of the acarbose biosynthesis genes in Actinoplanes sp. SE50/110
T. Wolf1, J. Droste1, T. Gren1, A. Neshat1, V. Ortseifen1, M. Persicke1, S. Schneiker-Bekel1, S. Wendler1, J. Kalinowski1
A. Pühler1
1
Bielefeld University, Center for Biotechnology (Bielefeld, DE)
Acarviosyl-1,4-maltose (acarbose) is produced by strains of Actinoplanes sp. SE50/110 and is used since 1990 in the
treatment of diabetes mellitus type II. Due to its inhibitory effect on alpha-glucosidases of the human intestine, a lower
blood sugar level is maintained and less insulin is needed. Up to now, the regulation of acarbose formation is not yet
understood and genetical optimization of the Gram-positive aerobic bacteria Actinoplanes sp. SE50/110 is based on
mutagenesis and selection.
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Here we provide the first insights into the acarbose production and the transcriptional regulation in the acarbose producer
Actinoplanes sp. SE50/110. Several (high-throughput) transcriptomic methods were used to find conditions in which genes
of interest are differentially transcribed. We could show a differential regulation of the acarbose biosynthesis gene cluster
during different growth phases of Actinoplanes. RNA sequencing was used to identify transcription start sites, operon
structures, putative novel genetic elements and conserved sequence motives.
From the data of different omics technologies, genes were selected, which are targets for knockout studies. Here the
focus lies on the identification and characterization of transcriptional regulators involved in the formation of acarbose. We
present the first regulator deletion in Actinoplanes sp. SE50/110 which led to the identification of a repressor of several
genes of the acarbose biosynthesis gene cluster. With the knowledge gained a more detailed insight into the acarbose
production and regulation in Actinoplanes can be achieved.
P GENO 35
Strain development by targeted gene deletion in the biotechnologically important Bacillus pumilus
E. Vogel1, S. Wemhoff1, C. Borgmeier1,2, M. Jakobs1, M. Rachinger3, S. Neuber3, Y. Kaya3, R. Schwerdtfeger3
P. Lorenz3, F. Meinhardt1
1
Westfälische Wilhelms-Universität , Institut für Molekulare Mikrobiologie und Biotechnologie (Münster, DE)
2
BRAIN AG (Zwingenberg, DE)
3
AB Enzymes GmbH (Darmstadt, DE)
Representatives of the Gram-positive endospore forming genus Bacillus serve as industrial production organisms for a
broad range of extracellular enzymes. Recently, strains of Bacillus pumilus gained attention due to the high secretion
capacity for extracellular enzymes1,2,3.
Strain improvement was performed by applying genetic and molecular techniques. The 5-fluorouracil-based counter selection method4 was used for rapid and efficient strain development. For this purpose a uracil phosphoribosyl-transferase
(Δupp) deficient mutant was constructed to speedily generate additional mutations. A number of well-defined clean deletion
mutants were constructed, including sporulation deficiency5 to ensure biological containment and the operon responsible
for polyglutamic acid production6 (slime) to improve laboratory handling as well as fermentation and downstream processing. In an attempt to reduce the burden on the secretion machinery and the degradation of heterologous enzymes, genes
coding for unwanted extracellular proteins were likewise targeted7. In order to disable energy dissipation, motility of the
strain was impaired by deletion of the gene cluster instrumental in flagellum biosynthesis. As some of the mutants displayed
enhanced enzyme secretion, the construction of a customized B. pumilus strain well suited for industrial use is anticipated.
1 Wemhoff and Meinhardt (2013). Appl Microbiol Biotechnol 97(17): 7805-7819
2 Küppers et al. (2014). Microbial cell factories 13(1): 46
3 Handtke et al. (2014). J Biotechnol 192: 204-214
4 Fabret et al. (2002). Mol Microbiol 46(1): 25-36
5 Wittchen et al. (1998). J Gen Appl Microbiol 44(5): 317-326
6 Hoffmann et al. (2010). Appl Environ Microbiol 76(15): 5046-5057
7 Waldeck et al. (2007). J Biotechnol 130(2): 124-132
This work was supported by the Bundesministerium für Bildung und Forschung (BMBF) within the framework of the
NatLifE 2020 innovation alliance.
P GENO 36
Bioinformatics services for microbial genome and metagenome research
S. Albaum1, J. Blom2, S. Jaenicke1, L. Jelonek2, S. Jünemann1, N. Kleinbölting1, B. Linke2, O. Rupp2, A. Sczyrba1
B. Weisshaar1, J. Stoye1, A. Goesmann2
1
Bielefeld University, Center for Biotechnology (Bielefeld, DE)
2
Justus-Liebig-University, Systems Biology (Giessen, DE)
The dramatic drop in consumer costs for DNA sequencing is revolutionizing genomics research in general, and specifically
in the field of biotechnology and medicine. DNA sequencing of microbial genomes and metagenomes of their habitats
is generating data at a hitherto unforeseen pace. The real bottleneck that prevents realization of the full potential of the
different -omics technologies is not the data generation itself, but the subsequent data analysis. To address this looming
bottleneck, the BiGi Bioinformatics Resource Center as part of the German Network for Bioinformatics Infrastructure
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(de.NBI) combines bioinformatics expertise and facilities at Bielefeld and Gießen Universities as required in the field of
microbial genome research (Hilker et al. 2014, Kessler et al. 2013, Linke et al. 2011, Neuweger et al. 2009, Blom et al.
2009, Albaum et al. 2009).
The BiGi Bioinformatics Resource Center offers bioinformatics services and user training in the fields of functional microbial genomics, metagenomics, and postgenomics. This includes access to computing power and storage as well as
to data resources such as databases created by ongoing projects of the clients. Particular emphasis is being placed on
first level user support and the provision of high-performance computing services for different levels of user competence.
A central objective of the Bioinformatics Resource Center is the provision of a repository of reusable workflows. Although
many microbial genome projects create a similar spectrum of data analysis tasks, data volumes, and error rates, the most
recent technologies that are used and the specific questions that are asked vary from project to project. From the pipelines
developed in close collaboration with project partners, a repository of workflows will be developed allowing to replicate
the analysis of a former project on the same or additional data, and reuse tried-and-tested workflows as a starting point
for adaptation and enhancement in new projects.
Developments in bioinformatics at the center will particularly address large-scale genomics and post-genomics data
integration and exploration, and as part of the de.NBI, the center will contribute to standardization efforts for data interchangeability and software interoperability.
P GENO 37
Complete genome sequence of Paenibacillus riograndensis SBR5T and initial characterization of physiological
features
L. Fernandes de Brito1, T. Walter1, V. F. Wendisch1
1
Bielefeld University, Genetics of Prokaryotes & CeBiTec (Bielefeld, DE)
Paenibacillus riograndensis is a rod-shaped, Gram-positive, nitrogen-fixing bacterium. The strain SBR5T was isolated from
the rhizosphere of wheat plants cultivated in Rio Grande do Sul, Brazil. In addition to nitrogen fixing, SBR5T possesses
further plant growth promoting activities, e.g. production of indol-3-acetic acid and siderophores. Thus, P. riograndensis
SBR5T is interesting for agricultural purposes, although it has not been studied much.
Therefore, we have determined the complete genome sequence of SBR5T and completely annotated the genome. The
genome consists of one chromosome with 7.893.056 bps, containing 6705 protein coding genes, 87 tRNAs and 27
rRNAs (Brito et al., 2015). Genes for biotin synthesis such as bioWAFDBI are absent from the genome of SBR5T. Biotin
auxotrophy was demonstrated experimentally since growth of SBR5T in MVcM minimal medium was observed only in
the presence of 41 µM biotin, but not in the absence of biotin. Furthermore, the presence of amylase and pullulanase
genes in the genome of SBR5T suggested that it might be able to degrade starch. Two candidate genes putatively coding
for α-amylases and one for α-pullulanase were cloned in Eschericha coli DH5α and expressed in the starch-negative
Corynebacterium glutamicum ATCC 13032. Two of the three recombinant C. glutamicum strains were able to degrade
starch as shown by the Lugol’s iodine test, thus, one α-amylase and the α-pullulanase from SBR5T were functional in C.
glutamicum and might be important for starch utilization by P. riograndensis SBR5T.
Determination of the complete genome sequence of P. riograndensis SBR5T was an important step to further a better
understanding of the physiology of this bacterium and will be valuable for future studies involving SBR5T as plant growth
promoting bacterium.
BRITO, L. F.; BACH, E.; KALINOWSKI, J.; RÜCKERT, C.; WIBBERG, D.; PASSAGLIA, L.; WENDISCH, V. F. (2015)
Complete genome sequence of Paenibacillus riograndensis SBR5T, a Gram-positive diazotrophic rhizobacterium. J.
Biotechnol., 207: 30-31.
L.F.B. acknowledges support as fellow of CAPES Brazil. We would like to thank Evelise Bach and Luciane Passaglia
(Genetics Department, UFRGS, Brazil) and Jörn Kalinowski, Christian Rückert and Daniel Wibberg (CeBiTec, Bielefeld
University) for help in genome sequencing and annotation.
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Identification of the genes encoding the enzymes involved in the molinate degradation pathway
A. Lopes1,2, C. Egas1, O. Nunes2
1
Genome Sequencing Unit (Cantanhede, PT)
2
Faculdade de Engenharia da Universidade do Porto (Porto, PT)
Gulosibacter molinativorax ON4T [1] is the only organism described up to now as able to degrade the herbicide molinate
without the accumulation of its toxic sulfoxide form [2,3]. The putative molinate degradation pathway has been proposed
[3], but up to now, only the enzyme responsible for the initial breakdown of the herbicide was
described [4]. This new enzyme (MolA) catalyzes the hydrolysis of molinate into azepane carboxylate (ACA) and ethanethiol.
While the latter is accumulated, ACA is sequentially mineralized, supporting the strain growth.
A comparative transcriptomic approach is undergoing to discover the genes encoding for the other, up to now unidentified,
enzymes of the molinate degradation pathway. Total RNA extracted at late exponential growth phase from ON4T grown in
mineral medium supplemented with molinate/caprolactam/putrescine (growth condition where the molinate degradation
pathway is expected not to be used) will be enriched in mRNA using a rRNA-subtractive hybridization procedure [5]. mRNA
will be converted into cDNA and sequenced with the Ion Proton NGS platform (Life Technologies). The transcripts will be
identified using the genome of ON4T as reference.
The comparative gene expression profile from each transcriptome will allow the identification of the putative enzymes
involved in the molinate degradation pathway, and further enabling the production of new biocatalysts (to be used in
biodegradation approaches among others).
[1] Manaia C, et al.2004. Int J Syst Evol Microbiol.54:783-789
[2] Barreiros L, et al.2003. Environ Microbiol.5:944-953
[3] Barreiros L, et al.2008. Microbiology.144:1038 -1046
[4] Duarte M, et al.2011. J. Bacteriol.193(20):5810-16
[5] Stewart FJ, et al.2010. ISME J.4:896-907
Acknowledgments: This work has been supported by Fundação para a Ciência e a Tecnologia-FCT through LEPABE
(PEst-C/EQB/UI0511/2013) and under the project PTDC/AAG-TEC/3909/2012. Ana Rita Lopes have an FCT postdoctoral
grant (SFRH/BPD/92894/2013).
P GENO 39
Genetic engineering methods for Actinoplanes sp. SE50/110
T. Gren1, J. Kalinowski1, A. Pühler1
1
Bielefeld University, Center of Biotechnology (Bielefeld, DE)
The α-glucosidase inhibitor acarbose, produced by strains of the genera Actinoplanes, is a member of an unusual group
of bacterial secondary metabolites, called amylostatins (includes oligostatins, trestatins and validamycins as well) all
of which inhibit various glucosidases. Acarbose is produced industrially by the company Bayer AG with derivatives of
Actinoplanes sp. SE50/110 strain.
At the moment, several models of acarbose metabolism exist, but none of them gives a clear and transparent description
of all pathway steps. Functions of many genes (e.g. acbD, acbI, acbJ etc) are unclear or not characterized in general.
Therefore, the main goal of this project is to provide reliable genetic provements of the functions of acb-cluster genes,
which can fullfill the information lack and give the opportunity to formulate complete acarbose metabolism model. In order
to achieve it, experiments can be carried out whether in native or heterologous conditions. Heterologous expression of
acb gene cluster was carried out in various strains of Streptomyces genera. Nevertheless, acb cluster was proven to be
expressed in heterologous host, due to undetected reasons, no acarbose production was achieved in all cases. Therefore,
development of the native cloning system became our first prioprity.
In the course of this work, GUS reporter system was successfully applied for Actinoplanes sp. SE50/100. It was shown,
that GUS reporter gene is functional in cells of Actinoplanes and its activity can be easily detected.
With the help of these systems we plan to conduct acarbose regulatory mechanisms investigation; targeted correction
and enhancement of acarbose biosynthesis through genes overexpression and knockout experiments.
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P GENO 40
Genome sequences of Lactoccocus lactis subsp. lactis bv. diacetylactis S50 and its derivative with
chromosomal inversion correlated with spectinomycin resistance
K. Novovic1, B. Jovcic1,2, D. Studholme3, S. Mihajlovic1, M. Tolinacki1, J. Begovic1, M. Kojic1
1
Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Laboratory for molecular microbiology
(Belgrade, RS)
2
University of Belgrade, Biology (Belgrade, RS)
3
University of Exeter, College of Life and Environmental Sciences, Biosciences (Exeter, GB)
A large chromosomal inversion that correlated with resistance to antibiotic spectinomycin in Lactococcus lactis subsp.
lactis bv. diacetylactis S50 was previously identified. Inversion that was identified in independent experiments and was
always identical, indicating the same mechanism of recombination as a response to antibiotic selective pressure. These
results pointed out that inversions, in general, could be directly involved in one-step development of the adaptation to
a high concentration of antibiotics. Due to biological relevance of such mechanism we have sequenced the genomes
of wild-type S50 and its spectinomycin resistant derivative carrying inversion in order to defined the ends of inversion
and molecular mechanism underlying the spectinomycin resistance. Genome sequence of the wild-type S50 (estimated
to 2233kbp) was assembled in 12 scaffolds ranging from 2028bp to 1857610bp, while genome sequence of SMS1
spectinomycin resistant derivative was assembled in 17 scaffolds ranging from 2105bp to 581381bp. A complex pattern
of re-arrangements in a region of the genome corresponding to a plasmid was identified. The ends of chromosomal
inversion were not identified by means of the sequencing, probably because the inversion event happened at a highly
repetitive region that fall at the gaps between the scaffolds. Thus, the future work will be concentrated to closing of the
gaps between scaffolds by means of PCR.
P GENO 41
Secretome composition of B. adusta cultivated on different substrates to investigate its potential in biomass
deconstruction
L. Bianco1, R. Lamanna2, G. Perrotta1
1
ENEA, DTE-BBC (Rotondella, IT)
2
ENEA, SSPT-BIOAG-PROBIO (Rotondella, IT)
Filamentous fungi possess the ability to extracellularly decompose a wide range of substrates, lignocellulose included.
They have in fact developed unique strategies to handle plant cell wall deconstruction, by modulating the dynamic nature of
their extracellular proteins or secretome. It includes a variety of lignocellulose degrading enzymes, synergistically working
to this end. “Omic” sciences, and proteomics in particular, offer the exciting opportunity to reveal the fluctuations of fungal
proteins and enzymes, responsible for their metabolic adaptation to a such variety of substrates. In order to unravel the
complex crosstalk between substrates and changes in secretome composition, we have first isolated biomass-specific
ligno-cellulolytic fungi from decaying local plant materials. In particular, decomposing leaves and stems of A.donax and
P.australis were collected and used for the isolation of cultivatable fungi. A total of 13 ligno-cellulolytic fungi corresponding
to 7 different species were identified by ITS amplification and then subjected to qualitative methods for determination
of lignocellulolytic enzymes (i.e. filter paper, cellulose azure agar, Remazol Brilliant Blu R -RBBR- decoloration tests).
One isolate, corresponding to B. adusta, exhibited outstanding ligninolytic, cellulolytic and xylanolytic properties, thus
selected for further analyses.
To explore temporal alterations of its secretome during ligninolysis, B.adusta was grown in liquid medium containing
milled reed and sampled at different time points. To investigate proteins and enzymes differentially accumulated in response to different substrates, B.adusta was cultivated in 2% Malt extract (ME), in 2% ME plus RBBR or Vanillin, and in
minimal mineral medium supplemented with Carboxymethylcellulose (CMC) or Xylan. Secreted proteins were subjected
to proteomic investigation.
The sequential and substrate-specific production of enzymes provides a mechanism consistent with the remarkable
metabolic activities of this fungus.
Finally, to assess its potential yield in fermentable intermediates and their conversion in bioproducts, B.adusta was also
grown in presence of Glucose, CMC, Avicel, Xylose, Xylan or milled reed. Supernatants were collected at different times
and analyzed by 1H-NMR.
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Full-length cDNA sequencing of prokaryotic transcriptome and metatranscriptome samples
R. Vogelsang1, C. Koenig1, M. Boitano1, T. Hon1, E. Tseng1, T. A. Clark1
1
Pacific Biosciences (Menlo Park, US)
Next-generation sequencing has become a useful tool for studying transcriptomes. However, these methods typically
rely on sequencing short fragments of cDNA, then attempting to assemble the pieces into full-length transcripts. Here,
we describe a method that uses PacBio long reads to sequence full-length cDNAs from individual transcriptomes and
metatranscriptome samples.
We have adapted the PacBio Iso-Seq™ protocol for use with prokaryotic samples by incorporating RNA polyadenylation
and rRNA-depletion steps. In conjunction with SMRT® Sequencing, which has average readlengths of 10-15 kb, we are
able to sequence entire transcripts, including polycistronic RNAs, in a single read.
Here, we show full-length bacterial transcriptomes with the ability to visualize transcription of operons. In the area of metatranscriptomics, long reads reveal unambiguous gene sequences without the need for post-sequencing transcript assembly.
Systems Biology & Single Cell Genomics
P SYS 01
Transfected bacteria strains as tools for understanding the biological role of target molecules
I. Sainova1
1
Bulgarian Academy of Sciences (BAS), Institute of Experimental Morphology, Pathology and Anthropology with
Museum (IEMPAM) (Sofia, BG)
For better understanding of the physiological function of peptide Secretagogin (SCGN), methods for quantification and
identification of proteins, to which this peptide possess affinity, were developed. For this goal, isolated total protein material from transfected bacteria strains E. coli, containing inserted copy of rat scgn gene, was isolated. After treatment with
specific anti-rat SCGN antibody and centrifugation, the obtained pellets/precipitates were resuspended in PBS, after which
one half of the received suspension was mixed with protein extract from rat brain, and the other - from rat pancreas,
respectively, because both are known to be among the anatomic organs, which building cells actively express SCGN.
Taking in consideration the available GSH-tag in the recombinant bacteria strains, the so prepared protein mixtures were
subjected on separation by GSH-Agarose columns, for preservation only of proteins from both rat organs, possessing
the highest affinity to peptide SCGN. The so prepared protein mixtures were then separated on SGS-Polyacrylamide Gel
Electrophorhesis (PAGE) with Comasie-blue staining, but also on spectrophotometry assay, respectively. According to the
results obtained, the highest in the protein mixtures from both anatomic organs, the highest amounts were assessed in
Tubuline, Cytokeratine and Actine fractions. Besides of the molecular weights of the protein molecules from both probes,
these data were confirmed by both fluorescent and absorption spectra of them. In this way, the results obtained were in
agreement with literature findings about the highest affinity of cytoskeleton proteins to peptide SCGN in cascade regulatory mechanisms, but, on the other hand, could suppose the usability of the techniques used for understanding of some
cascade pathways, in which also the reduced peptide Glutathione (GSH) participates. Additional studies for determination
of each one protein from both fractions should be necessary.
P SYS 02
Single-cell adaption upon carbon-shift of Escherichia coli and Corynebacterium glutamicum populations
R. Freiherr von Boeselager1, C. Probst1, D. Kohlheyer1, J. Frunzke1
1
Forschungszentrum Jülich, Institute of Bio- and Geosciences 1: Biotechnology (Jülich, DE)
Under changing environmental conditions, fast metabolic adaptation is crucial for the survival of bacterial populations.
Typical bulk approaches, e.g. the measurement of the optical density or transcriptome analyses, obscure the complex
phenotypic pattern of isogenic microbial populations. To monitor adaptation to changing carbon source availability, the
aim of this study was the analysis of the adaption process at the single cell level using Escherichia coli and the important
industrial amino acid producer Corynebacterium glutamicum as model organisms.
In first experiments, we established a staining protocol using a lipophilic, fluorescent dye which enabled the observation
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of cell division in shake flaks experiments via flow cytometry (1). After staining, the dye is diluted by every cell division
and remains stable over a long experimental time (>days). In standard batch cultivations rapid environmental changes
by carbon source shift experiments were performed, e.g. switching from glucose to gluconeogenic growth on acetate or
succinate. Single-cell adaptation was monitored using appropriate genetic reporter circuits in combination with the lipophilic
fluorescent dye indicative for the growth of the particular cell. Further, in-depth analysis of adaptation and growth was
performed using microfluidic chip devices in combination with time-lapse fluorescence microscopy, which directly enabled
the correlation of single-cell growth before and after the carbon switch. Our data revealed that approx. 50% of E. coli cells
displayed metabolic adaptation after a glucose-gluconeogenic carbon shift. In contrast, almost all C. glutamicum cells
continued growth under the chosen experimental conditions. Altogether, these data already highlight significant differences
in metabolic adaptation capacities of these two important model species and will contribute to detailed insights in adaption
processes based on the analysis of single-cell behaviour.
1. Kotte O, Volkmer B, Radzikowski JL, Heinemann M. 2014. Phenotypic bistability in Escherichia coli’s central carbon
metabolism. Mol Syst Biol 10:736.
P SYS 03
Genome-scale metabolic reconstruction of multiple Acinetobacter baumannii strains
L. Presta1, E. Bosi1, L. Dijkshoorn1, R. Fani1, M. Fondi1
1
University of Florence, Evolution Biology (Sesto Fiorentino, IT)
Genome-scale metabolic reconstructions are classically adopted to in silico characterize, at the system level, the metabolic
landscape of a specific microorganism, given some external features (e.g. simulated growth medium) and/or perturbations
(e.g. changes in gene/protein expression). However, when used on multiple strains of a species, this methodology can
help to define the metabolic essence of a microbial species and to delineate growth differences that correlate with the
adaptation process to a particular microenvironment.
In this context, Acinetobacter baumannii seems to represent a very interesting study-case.
A. baumannii is a member of the genus Acinetobacter, gram-negative, strictly aerobic, non-motile coccobacilli, and is
amenable to standard microbial cell culture condition in laboratory. Although Acinetobacter species have ubiquitously
been isolated from nature, including soil and water, those isolated from human clinical specimens have been shown to
be adapted to the human environment and have recently emerged as a new clinical threat to human health.
Current lack of effective clinical solutions to treat this pathogen prompted us to carry out a systems-level, metabolic
oriented study that could lead to a comprehensive understanding of A. baumannii biology and contribute to the development of an effective therapy.
Here multiple-strain genome-scale metabolic reconstruction and constraint-based modelling of more than 50 microorganisms
belonging to the A. baumannii species (also including other representatives of the so called A. calcoaceticus-baumannii
(ACB) complex) has been carried out.
In this study, this approach was adopted to determine functional differences between strains and define the A. baumannii
species based on common metabolic capabilities. This led to the identifications of a core and an accessory A. baumannii
metabolic model at the species level and to the identification of putative multi-strain molecular targets that may be helpful
during drug design procedures. Also, individual strains (or groups of strains) were differentiated based on niche-specific
growth capabilities, revealing non-trivial patterns between modelling outcomes and isolation source.
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P SYS 04
Role of monovalent cations in P-loop NTPases as revealed by comparative genome analysis and molecular
dynamics simulations
D. N. Shalaeva1,2, D. A. Cherepanov 3, D. V. Dibrova1, M. Y. Galperin4, A. Y. Mulkidjanian1,2,5
1
Lomonosov Moscow State University, Faculty of Bioengineering and Bioinformatics (Moscow, RU)
2
University of Osnabrück (Osnabrück, DE)
3
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry of the RAS (Moscow, RU)
4
National Center for Biotechnology Information, National Library of Medicine, National Institutes of Health (Bethesda, US)
5
Lomonosov Moscow State University, A.N. Belozersky Institute of Physico-chemical Biology (Moscow, RU)
The genes of P-loop nucleoside triphosphatases (NTPases) comprise 10-18% of all protein-coding genes in most bacterial genomes [1]. Earlier studies have revealed sub-families of P-loop NTPases that functionally depend on K+ ions, but
could not be activated by Na+ ions [2-6]. Potassium requirement of several essential bacterial ATPases and GTPases is
a likely reason why all cells invest up to 50% of their energy into maintaining a [K+]/[Na+] ratio > 1 in the cytoplasm [4].
The phenomenon must have some physico-chemical basis since the advantage of K+ and NH4+ ions over Na+ ions was
observed even in studies of non-enzymatic transphosphorylation reaction [7]. It also remains obscure why these P-loop
NTPases have not switched their specificity from K+ to Na+, at least in the case of marine organisms.
We have addressed these questions by combining comparative genomics and structural analyses of various P-loop NTPases with molecular dynamics simulations of the ATP-Mg2+ complexes in the presence of different monovalent cations.
Our data support the idea that the catalytic sites of the primordial P-loop NTPases have been initially shaped in K+-rich
environments. With time, in many - albeit not all - lineages, the cofactor K+ ions were replaced by positively charged amino
groups of lysine and arginine residues. We consider our observations as further evidence for the origin of the first life forms
in K+-rich environments [8], supposedly, at anoxic geothermal fields of the primordial Earth [4].
References:
1. Leipe D.D. et al., (2003), J Mol Biol 333, 781-815.
2. Scrima A., Wittinghofer A. (2006), EMBO J 25,2940-2951.
3. Meyer S. et al., (2009), PLoS Biol 7, e1000212.
4. Mulkidjanian A.Y et al., (2012), Proc Natl Acad Sci USA 109, E821-830.
5. Ash M.-R. et al., (2012), FEBS letters 586,2218-2224.
6. Anand B. et al., (2013), Biochemistry 52, 1122-1130.
7. Lowenstein J.M. (1960), The Biochem J, 75,269-274.
8. Macallum A.B. (1926), Physiol Rev, 6:316-357
P SYS 05
Inferring metabolic fluxes of central energy metabolism from gene expression and metabolite concentrations
F. Hörhold1,2, M. Oswald1,2, J. Saraiva1,2, R. König2
1
University Hospital Jena, Center of Sepsis Control and Care (Jena, DE)
2
Hans-Knöll-Institute, Network Modelling (Jena, DE)
Introduction: The adaptation of microorganisms to their environment is controlled by complex processes involving
transcriptional and metabolic regulation. B. subtilis (BS) is an ideal model organism to study this as it encounters a wide
range of environmental and nutritional conditions in nature.
Objectives: We were interested if regulation of central energy metabolism can be predicted employing a systematic
mathematical model being fed with metabolic concentration and gene expression data alone. Additionally, we studied the
involved regulators of changing nutritional conditions, i.e. changing the major carbon sources.
Materials & methods: We used a comprehensive set of publically available transcriptome, metabolome and C13-labelling
based metabolic flux data (1, 2) and integrated our new method inferring regulation from gene expression (3) and flux
balance analysis (4) into one combined Mixed Integer Linear Programming (Figure 1) within a machine learning strategy.
Results: Using our concept enabled to systematically determine reactions being regulated by their substrates and transcription levels, needed to switch between the different carbon sources such as malate and glucose. Many results confirm prior
observations by Chubokov et al. (1), but we are now able to show that, in principle, the regulation of only a few pacemaker
metabolic reactions enables BS to efficiently switch between opposing nutritional conditions.
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Conclusion: We implemented a new generic method that enables to better identify the relevant regulators of central
energy metabolism. We applied the method to BS as a case study. It can be readily applied for other organisms to e.g.
optimize strains for their productivity. Besides this, such a method supports cost efficiency as it may reduce laborious
C13 labeling efforts.
References:
(1) Chubukov, V. et al. Molecular systems biology 9, 709, (2013).
(2) Nicolas, P. et al. Science 335, 1103-1106, (2012).
(3) Schacht, T., Oswald, M., Eils, R., Eichmuller, S. B. & Konig, R. Bioinformatics 30, i401-i407, (2014).
(4) Lewis, N. E. et al. Nature biotechnology 28, 1279-1285, (2010).
Figure legend:
Figure 1. The combined approach constrains the search space by (i) stoichiometric contraints (green cone), and additionally (ii) by a linear model of regulation (leading to the blue cone).

Figure 1
P SYS 06
Asymmetric distribution of important reactions in E. coli metabolic network
S. Sohrabi-Jahromi1, S.- A. Marashi1
1
University of Tehran, Biotechnology (Tehran, IR)
Introduction: Metabolic networks are among the best-studied biochemical networks and have been widely used to address important biological questions and in silico testing of biological hypotheses. These networks have also been used
to predict the biological properties of the cell at the systems level.
Objectives: It is known that the reactions of a metabolic network which interact with environment are more likely to be
transferred in evolution, whereas enzymes catalyzing central reactions are largely invariant across species. However, to the
best of our knowledge, the effect of network positioning on the biological importance of reactions has not been studied yet.
Materials and Method: Based on the E. coli genome-scale metabolic network model, iJO1366, we constructed a reactioncentric graph and determined those reaction pairs for which “order” in metabolism can be defined. Then, we analyzed the
gene essentiality, gene expression, and phylogenetic profiles for these reaction pairs.
Results: We found that the reaction that comes second in the metabolic network tends to be more essential than the other
reaction in the pair. Moreover, the second reaction tends to be expressed in a larger variety of conditions. Furthermore,
we observed that this reaction usually has an older history in evolution and is more conserved during evolution.
Conclusion: Our results suggest that during the evolution of E. coli, new reactions were added to the beginning of the
existing metabolic pathways. Therefore, the later reactions in a network are older in terms of evolution and are more
conserved across species. Additionally, these reactions tend to be involved in more important biological processes.
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P SYS 07
Modeling in-vivo expression dynamics of the restriction-modification system Esp1396I
A. Rodic1, M. Djordjevic1
1
Faculty of Biology, Institute of Physiology and Biochemistry (Belgrade, RS)
Question: Restriction-modification (RM) systems provide defense against infection by foreign DNA, where the system
includes the methylase (M), and the restriction enzyme (R), which cuts unmethylated DNA sequences; consequently, the
system has to be regulated to prevent destruction of the host genome, where this regulation is often exhibited by a control
protein (C). The main technical difficulty in directly observing R and M synthesis is synchronizing the plasmid entry in the
bacterial cells. Our experimental collaborators went around this, by performing the first single-cell measurements of the
dynamics of R and M expression, done for Esp1396I RM system.
We aim developing a quantitative model of Esp1396I dynamics, which is based on experimentally established mechanisms of the system control. By comparing the model to the experimental data from the single cell measurements, we
aim investigating the extent of their qualitative and quantitative agreement.
Methods: As the transcription from both promoters is regulated by C, we used the thermodynamic Shea-Ackers approach
to model the regulation (transcription activity) of both promoters. Furthermore, the transcript and the protein synthesis was
modeled by the corresponding non-linear differential equations, where the model parameters were determined through
the best fit to the data.
Results: There is an excellent qualitative and quantitative agreement between our model and the experimental data on R
dynamics [1]. In the case of M, the model shows a good qualitative agreement with the data, i.e. it obtains the observed
significant delay of M with respect to R expression, including the high pic in M expression for early times. However,
quantitatively the model cannot fully reproduce the experimental curve for M synthesis dynamics.
Conclusions: Our model successfully describes fundamental qualitative characteristics of Esp1396I expression dynamics.
The reason behind the quantitative discrepancy for M data is probably the time dependence of the parameters, for which
our model assumes are constant with time.
[1] Natalya Morozova et al., Direct observation of temporal dynamics of methyltransferase and restriction endonuclease
accumulation in naive cell transformed with restriction-modification system plasmid, to be submitted.
Host Microbe Interplay
P HMI 01
Comparative genomics of Lactobacillus amylovorus
R. Kant1, H. Smidt2, R. J. Siezen3, W. de Vos1, A. Palva1
1
Helsinki University (Helsinki, FI)
2
University of Wageningen (Wageningen, NL)
3
University Nijmegen (Nijmegen, NL)
Lactobacilli are common members of this complex ecosystem and assumed to be important in supporting intestinal health
and maintaining the stability of the GIT microbiota e.g. by increasing colonization resistance against intestinal pathogens.
Recently, a new abundant Lactobacillus spp. was identified in the intestine of piglets that was responding to specific diet
rich in fructo-oligosaccharides and found to stimulate the pig immune system. While first classified as Lactobacillus sobrius, subsequent taxonomic studies revealed it to belong to the Lactobacillus amylovorus group that is dominant among
Lactobacillus strains originating from porcine intestine. To identify their potential functional properties, including the surface
structures interacting with host cells, we have taken a comparative genome sequencing approach of a series of surface
layer (S-layer) protein-carrying isolates. The genome of eight L. amylovorous strains with genome size between ~1.8 to
~2 Mb were determined by pyrosequencing, further assembled, and prepared for gap closure. Primary comparisons of
the eight strains show a high similarity to L. acidophilus/ L. helveticus genome, the presence of several S-layer protein
genes, and the clustering of CRISPR’s and CRISPR associated gene cluster. Presently, the eight genomes are being
compared with the aim of providing a deeper insight into the genetics and metabolic capabilities of this Lactobacillus group.
In addition, this and other comparative genomics studies will allow understanding the high diversity in the presently known
Lactobacillus genomes. Finally, the genomic characterization of these will support to the physiological, biochemical and
genetic studies that are being performed using these strains.
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P HMI 02
Pathogenicity of raised and deep pitted scab inducing diseases Streptomyces on potato
G. Khodakaramian1
1
Bu-Ali Sina University, Plant protection (Hamedan, IR)
Well known from the literature that soil habitant Streptomyces group species cause raised and deep pitted lesion on
potato which named scab disease. Nec1 gene and thaxtomine biosynthesis genes including txtA, txtB, txtC and txtD are
the main genes involved in the pathogenicity of these species. Affected potato samples collected from the main potato
growing area in Hamedan province and the causative agent Streptomyces strains were isolated. Selected strains were
examined for the presence and situation of the pathogenicity related genes as they induced variable disease symptoms
including raised, netted, shallow and deep pitted lesion on potato tubers under field and green house condition. Pulsed
field gel electrophoresis technique revealed that most of the tested strains carried a linear plasmid. Amplification of the
pathogenicity genes fragments and southern hybridization analysis showed that only some tested trains harbor nec1 and
txt genes. Results of hybridization indicated that only raised and netted scab-inducing strains hybridized to nec1 and txt
gen probs. Potato deep pitted inducing strains did not hybridized to above genes probes and did not produced thaxtomin
examined by thin layer chromatography (TLC).
P HMI 03
Genome-wide RNA sequencing analysis of quorum sensing-controlled regulons in the plant-associated
Burkholderia glumae strain PG1
G. Rong1, D. Krysciak1, C. Utpatel1, A. Knapp2, C. Schmeisser1, R. Daniel3, S. Voget3, K.- E. Jaeger2, W. Streit1
1
University Hamburg, Biocenter Klein Flottbek, Department of Microbiology and Biotechnology (Hamburg, DE)
2
Heinrich-Heine-University Düsseldorf, Institute of Molecular Enzyme Technology, Research Center Jülich (Jülich, DE)
3
Georg-August University Göttingen, Institute of Microbiology and Genetics, Department of Genomic and Applied
Microbiology (Göttingen, DE)
Burkholderia glumae PG1 is a soil-associated motile plant pathogenic bacterium possessing a cell density-dependent regulation system called quorum sensing. Its genome contains three genes, designated bgaI1-3, encoding distinct autoinducer-1
synthases which are capable of synthesizing QS signalling molecules. To investigate the QS-mediated gene regulation of
these three QS regulons in BGPG1, we constructed deletion mutants in each of the three identified AI-1 synthase genes.
Mutation in each of these bgaI genes resulted in strongly decreased motility, reduced extracellular lipase activity, reduced
ability to cause plant tissue maceration and decreased pathogenicity. RNA-sequencing analysis of all three B. glumae
PG1 AI-1 synthase mutants performed in the transition from exponential to stationary growth phase revealed differential
expression of a significant number of predicted genes. In comparison with wild-type B. glumae PG1, 481 genes were
differentially expressed in mutant ΔbgaI1, 213 in ΔbgaI2, and 367 in ΔbgaI3. Interestingly, only a minor set of 78 genes
was co-regulated in all three mutants. The majority of the QS-regulated genes were linked to metabolic activities and the
most pronounced regulation was observed for the genes involved in rhamnolipid and Flp pili biosynthesis, the type VI
secretion system and genes linked to a CRIPSR-cas gene cluster.
P HMI 04
Genomics of nematocidal Bacillus thuringiensis: Conserved chromosomes and a diverse plasmidome in
competitive strains
J. Hollensteiner1, E. Brzuszkiewicz1, P. Rosenstiel2, H. Schulenburg2, H. Liesegang1
1
Georg-August Universität, Göttingen Genomics Laboratory (Göttingen, DE)
2
Christian-Albrecht-Universität, Evolutionary Ecology Genetics (Kiel, DE)
The parasite Bacillus thuringiensis is an ubiquitous invertebrate pathogen targeting different hosts, including insects, mites,
protozoa and especially nematodes. Previous genomic studies focussed on host adaptations and lack an explanation
for the found diversity within the species. However, coevolution between hosts and their parasites is predicted to favour
genetic diversity. To track the genetic changes of the bacterial part of the antagonist Bt, three nematocidal Bt strains that
were used in host-parasite coevolution experiments within Caenorhabditis elegans as host, were sequenced with different
NGS methods. The circular chromosomes as well as the extra chromosomal equipment were compared with a specific
focus on δ-endotoxins, bacteriocines, bacteriophages and NRPS-cluster. Further, Phenotype MicroArrays were used to
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determine the metabolic substrate usage.Comparative genome analysis of three completely sequenced nematocidal Bacillus thuringiensis strains, Bt MYBT18246, Bt MYBT18247 and Bt MYBT18679 resulted in approximately 17 Mbp genetic
material distributed on the circular chromosomes, respectively. Additionally, each strain comprises extra chromosomal
genetic material varying between ~500 kb-700 kb. Whereas the ~5.5 Mbp chromosomes are strongly conserved, the
plasmids displayed an extraordinary diversity and showed no orthologues genes to each other. Considering the lifestyle
specific genes, the plasmids are apparently responsible for the nematocidal traits as well as for a huge number of genes
with so far cryptic function. A striking finding was the high number of recombinatorial elements like transposases and
IS-elements reflecting the high plasticity of the plasmids. In contrast, the chromosomal pan-genome parts encode-among
other features strain competition like bacteriocines and NRPS producing secondary metabolites. An examination of the
substrate spectrum testing 190 carbon sources, 95 nitrogen sources revealed that Bt MYBT18247 can utilize a higher
number of substrates like a generalist, whereas the more specialized strain Bt MYBT18679 exhibits a faster metabolization of minor a substrate spectrum.
P HMI 05
Draft genome of Williamsia sp. ARP1, isolated from the Arabidopsis thaliana phyllosphere
H. Horn1, A. Keller2, P. Kämpfer3, U. Hildebrandt1, M. Riederer1, U. Hentschel1
1
University of Würzburg, Department of Botany II (Würzburg, DE)
2
University of Würzburg, Department of Animal Ecology and Tropical Biology (Würzburg, DE)
3
University of Giessen, Institut für Angewandte Mikrobiologie (Giessen, DE)
The phyllosphere is defined as the aerial surface of plants. We present here the genome of Williamsia sp. ARP1, isolated
from the Arabidopsis thaliana phylloshere. Williamsia sp. ARP1 is only the second reported genome from the genus Williamsia and the first Williamsia sp. genome sequenced from the phyllosphere. This genomic information presented here
is interpreted in the context of its existence in the plant phyllosphere.
Genome sequencing was carried out on a MiSeq. Obtained raw reads were assembled into 50 contigs (size: 4,7 Mbp,
%GC: 68.63). Annotation was done with InterproScan and the RAST and IMG web services. Comparative genomics to
Williamsia and Gordonia species were performed through phylogenetic trees, ortholog detection and average nucleotide
identities (ANI).
Considering phylogenetic identity, strain ARP1 was clearly assignable to the genus Williamsia. With respect to GC content,
genome size and orthologous genes and ANI, neither of these methods were discriminative between Williamsia and
Gordonia. The genome displayed several features which were consistent with the phyllosphere lifestyle. This includes
mycosporins protecting cells by absorbing UV light and genes involved in repair of UV damaged DNA. Superoxides were
encoded, responding to reactive oxygen species, which products of the plant defense. It was adapted to temperature shifts
through heatshock and cold shock proteins as well as desiccation by possibly producing trehalose. Finally, transporters
for the uptake of photosynthates were encoded.
Its genomic properties showed close similarities to the genus Gordonia, while its 16S rRNA confirmed the strain as a
member of the genus Williamsia. With this study, we provide genomic insights into the rarely sequenced genus Williamsia.
P HMI 06
Global comparative transcriptome analyses of Sinorhizobium fredii NGR234
D. Krysciak1, J. Grote1, K. U. Förstner2, C. Schmeisser1,2, W. R. Streit1
1
University Hamburg, Microbiology and Biotechnology (Hamburg, DE)
2
University Würzburg, Core Unit Systems Medicine (Würzburg, DE)
High-resolution transcriptome analyses using RNA sequencing technologies are an excellent approach to measure transcript
levels for interpreting the functional elements of the genome and revealing molecular constituents of the cell. Particularly,
the precise quantification of changing levels of each transcript at a certain environmental condition gives detailed insights
into complex intertwined regulation networks of microorganisms. For our comparative transcriptome analyses we used the
alphaproteobacterium Sinorhizobium fredii NGR234 which has an exceptionally broad host range as it forms nitrogen-fixing
nodules with more than 112 legumes. No other strain with such a wide host range is currently known and mainly because
of this fact NGR234 is a well-studied model organism. Its 6.9 Mbp genome encodes for a remarkable number of secretion
systems and other interesting features that give some clues on the molecular keys to broad host range.
Here we describe the results from RNA-seq analyses of early exponential and early stationary phase cultures in the
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S. fredii NGR234 wild type and in the background of three quorum sensing (QS) mutants, ΔtraI, ΔngrI and ΔtraI/ΔngrI.
We challenged the NGR234 cells with high/low levels of autoinducer molecules, the nod gene-inducing flavonoid apigenin
as wells as with the plant-released octopine as signalling molecules.
In sum, we tested seven different environmental conditions with three independent biological replicates in RNA-seq
analyses, thereby we generated between 2.35 and 9.16 mio cDNA reads per sample. Among the most interesting observations, we found motility and chemotaxis-related genes which were significantly altered in their expression profile in
the single QS-deletion mutants. Furthermore, we found that the expression of the second, pNGR234b-borne type three
secretion system (T3SS-II) was repressed, whereby the T3SS-I was QS-independently regulated. Further, a detailed
comparative analysis of RNA-seq data from NGR234 cells treated with apigenin in the background of the NGR234 wild
type and the ΔtraI/ΔngrI mutant suggested a crosstalk between nod-dependent regulation and the two QS-regulons of
NGR234. Altogether, the numerous RNA-seq data sets have laid the foundation for a detailed understanding of regulatory
cascades in this model microbe.
P HMI 07
Regulatory features of TCS08 in Streptococcus pneumoniae
A. Gómez Mejia1, L. Petruschka1, G. Gámez1, S. Böhm1, V. Kluger1, A. Klein1, S. Hammerschmidt1
1
University of Greifswald, Genetics of Microorganisms (Greifswald, DE)
Introduction: Streptococcus pneumoniae (pneumococci) is a human commensal possessing 13 Two-Component Regulatory System (TCS) being crucial for bacterial fitness and virulence. The typical TCS consist of a sensor histidine kinase
(HK), and a response regulator (RR). The genes encoding the TCS08 are located downstream of the coding sequence
of the adhesin PavB (Pneumoccal Adherence and Virulence Factor B), which is an adhesin and matrix binding protein
of pneumococci (1). Here, we have evaluated the interaction of the TCS08 proteins and their regulatory effect on the
expression of PavB and other pneumococcal surface proteins.
Objectives: This study aimed to assess the impact of TCS08 on the expression of pneumococcal surface proteins with
a special emphasis on PavB.
Methods: Affinity chromatography was used for the purification of MBP-tagged TCS08 proteins. Phosphotransfer profiling
and EMSA were employed to assess the interaction between i the recombinant HK08 and RR08, and ii the RR08 and the
promoter regions of pavB or other target genes.
Results: The purity of recombinant MBP-HK08 and MBP-RR08 were determined by SDS-PAGE and immunoblot analysis.
The HK08 and its cognate RR08 displayed a phosphorylation interaction, suggesting a phosphatase activity and autophosphorylation, respectively. The interaction between the pavB promoter and the non-phosphorylated RR08 was indicated
by EMSA displaying a shift when the RR08 was bound to the pavB promoter fragment (411 bp).
In immunoblots the hk08-mutant had a dramatically increased expression of the PavB protein, while the rr08- or the
tcs08-mutant (negative for RR or HK) showed basic PavB levels similar to the wild-type, suggesting a repressor function
of non-phosphorylated RR08 for the expression of PavB. In addition, other proteins regulated by TCS08 will be shown.
Conclusion: The results revealed a direct regulation of PavB by TCS08 and other proteins involved in virulence and
physiological processes of S. pneumoniae.
(1) Jensch, Gámez, et al., (2010). Mol Microbiol 77(1): 22-43. DOI: 10.1111/j.1365-2958.2010.07189.x
P HMI 08
Host-specific profiles and highly diversified microbial dark matter in marine sponge symbiont communities
A. Soares1, G. Califano1, J. Gonçalves1, L. Moitinho-Silva2, R. Costa1
1
Centre of Marine Sciences, Algarve University (Faro, PT)
2
University of New South Wales, Centre for Marine Bio-Innovation (CMB) (Kensington, AU)
Addressing the specificity of microbial assemblages in marine sponges bears implications to the management of marine
metabolic resources. We inspected prokaryotic community structures across four sympatric sponge hosts via highthroughput metagenomic DNA sequencing. Specimens of Phorbas fictitius (n=12), Cliona viridis (n=4), Cliona celata
(n=7) and Dysidea fragilis (n=3) were collected at 19m depth off the Algarvian coast, South Portugal. Analysis of 560,179
Illumina HiSeq-generated 16S rRNA gene sequence reads was performed with the mothur package, delivering 3,208
prokaryotic operational taxonomic units (OTUs, singletons removed) across the data, with each sponge species hosting
averages of 600 (C. viridis) to 1,750 (C. celata) OTUs per sample. A complex cohort of bacterial OTUs unclassified at
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the phylum level dominated the community in C. celata (62.7% to 87.72% of the total sequence reads per sample). In
contrast, the other three host species displayed unusually high proteobacterial abundances (84.4% to 96.34% of the total
reads per sample). OTU data ordination revealed clear host-specific symbiont communities and no evidence for higher
similarities between microbiomes from closely related sponges. Only 112 OTUs (3.49%) were common to the four studied
host species. In contrast, C. celata (921 OTUs, 28.7%) and P. fictitius (785 OTUs, 24.5%) hosted high proportions of
“species-specific” OTUs. The taxonomic richness of the sponge-associated “singletome”, that is, the pool of rare OTUs
containing one single sequence read, was exceedingly high. It comprised 3,447 phylotypes, several of which archaeal
and frequently unclassifiable at the phylum or class levels, requiring future fine-tuned phylogenetic assessments. This
study reveals species-specialized microbiomes across sympatric sponge hosts and a highly diversified, as-yet untapped
microbial dark matter associated with these animals, thus expanding our knowledge of the microbial genetic diversity
encrypted in marine sponge holobionts.
P HMI 09
Comparative genomics reveals shared and specific features of Vibrio strains across multiple animal hosts
T. Franco1, G. Califano1, A. Dias2, U. N. da Rocha3, R. Costa1
1
Centre of Marine Sciences, Algarve University (Faro, PT)
2
State University of Santa Cruz , Department of Biological Sciences (Ilhéus, BR)
3
VU University Amsterdam, Department of Molecular and Cell Physiology, Faculty of Earth and Life Sciences
(Amsterdam, NL)
Increasing evidence exists for host-specific symbiont communities in the marine realm. However, a few marine microbes
emerge as typical generalists given their widespread occurrence in the open environment and across several host species.
Among these, Vibrio bacteria are of particular concern given their recognized pathogenic potential. Here, we perform a
fine-tuned genotypic characterization of Vibrio species cultivated from different marine animals. Vibrio strains were isolated
from the marine sponges Ircinia variabilis and Sarcotragus spinosulus, the gorgonian coral Eunicella gazella and from
gilthead seabream (Sparus aurata) larvae reared in aquaculture. Maximum Likelihood (ML) phylogenetic inference of
16S rRNA gene sequences obtained from 81 Vibrio isolates was performed with the ARB software, and entries sharing
>99% ML nucleotide sequence relatedness were binned into operational taxonomic units (OTUs). In total, 16 OTUs were
identified of which 4 OTUs comprised 41 isolates from gorgonians and sponges, with Vibrio crassostrea as the closest
type strain; 5 OTUs embraced all 19 sequences originated from seabream larvae, sharing relatedness with Vibrio chagasii;
and 1 OTU contained 8 sequences retrieved exclusively from gorgonians (V. lentus/tasmaniensis). Representative strains
from 8 OTUs were selected for full genome sequencing and found to display similar patterns of energy allocation across
primary metabolic functions regardless of host origin. We depicted a generous investment in carbohydrate breakdown,
highlighting exceptional nutrient scavenging capacities among the surveyed strains. Host-associated metabolic traits
(e.g. chemotaxis, cell signaling, adhesion proteins) were assigned to 10-15% of the classifiable genes in the annotated
genomes. Intriguingly, Vibrio spp. were found not to rank among the most dominant bacteria inhabiting gorgonian, sponge
and seabream larvae according to cultivation-independent, 454-pyrosequencing microbiome profiling. Our results hint at
both host-specialized and -generalist patterns of occurrence of rather low-abundant but likely opportunistic Vibrio species
across disparate animal hosts. Ongoing, in-depth genome mining will shed light on adaptive traits likely conducive to
generalist and specialized behaviors.
P HMI 10
An oligotrophic culture medium supports the retrieval of diverse and unusual Alphaproteobacteria lineages
from a marine sponge (Spongia sp.)
E. Karimi1, T. Franco1, U. N. da Rocha2, J. Goncalves1, M. P. Reis3, R. Costa1
1
Algarve University, CCMAR/FCT (Faro, PT)
2
VU University Amsterdam, Earth and life sciences (Amsterdam, NL)
3
Algarve University , Faculty of sceince and Technology (Faro, PT)
Marine sponges are known to house diverse microbial communities and bioactive compounds. Despite the distinctiveness and high diversity of sponge-associated microbial communities, knowledge of their functioning remains limited.
Use of alternative cultivation methods may help overcoming this caveat by enabling the identification of hard-to-culture
microorganisms and metabolic capacities which cannot be discerned by molecular techniques alone. Here, we develop a
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procedure to isolate and select putatively novel bacterial symbionts from a marine sponge species of the genus Spongia
(Dictyoceratida, Spongiidae). Our method involved spread plating of serially diluted, sponge-derived microbial cell suspensions onto an oligotrophic medium (“MG50”, Marine Broth 1:50 solidified with gellan gum), designed to avoid overgrowth
by copiotrophic bacteria and enable observation of bacterial colony development through longer incubation periods. In
total, 706 bacterial colony-forming units (CFUs), retrieved from four different sponge specimens and averaging c.106
CFUs per gram of sponges (fresh weight), were counted on MG50 after 8 weeks of incubation at 19o C. Whereas over
80% of the observed CFUs developed during the first two weeks, only 4% appeared by the end of the incubation period.
Forty-five unalike CFU morphotypes were subjected to 16S rRNA gene sequencing for taxonomic identification, and
phylogenetic inference, and to PCR-screening for type I polyketide synthase (PKS)-encoding genes. We detected a high
prevalence of alphaproteobacterial strains - at the expense of a much-reduced number of gammaproteobacterial isolates
commonly recovered with full-strength media - spreading across diverse genera such as Anderseniella, Erythrobacter,
Sphingorhabdus, Leisingera, Loktanella, Tateyamaria and Thalassobius. Type I PKS encoding genes were obtained for
Pseudovibrio and Vibrio isolates. We conclude that MG50 is a preferable medium for the isolation of Alphaproteobacteria
lineages usually not detected in regular cultivation surveys of the marine sponge microbiome. Comparative genomics
surveys are underway, holding promise in shedding new light on the metabolic potential and likely roles of these lineages
as members of the marine sponge microbiome.
P HMI 11
Retrieval of bacterial symbionts from the temperate soft coral Eunicella labiata using an alternative cultivation
approach
T. Keller Costa1, T. Franco1, A. Lago-Leston1, R. Costa1
1
Algarve Centre of Marine Sciences (CCMAR) (Faro, PT)
The coral holobiont is a complex biological consortium formed by the animal host and microbial symbionts such as dinoflagellates and a diverse community of prokaryotes. In this study, we address the culturable fraction of three Eunicella
labiata (Cnidaria, Anthozoa, Gorgoniidae) specimens (EL01 - EL03) sampled in the Atlantic ocean offshore the Algarve
region, South Portugal. We used carbon-reduction (diluted medium), lower (than the usual 25°C) incubation temperature
and a prolonged incubation period to allow slow-growing bacterial symbionts to develop into Colony Forming Units (CFUs).
One gram of each coral specimen was homogenized in sterile artificial seawater and serial dilutions (10-3, 10-4 and 10-5)
were spread onto 1:2 diluted marine agar (MA2) plates. CFUs were counted after 1, 2, 3 and 4 weeks of incubation at
18 °C. A total of 416 CFUs (372 CFUs from dilution 10-3, 33 CFUs from 10-4 and 10 CFUs from 10-5) were obtained over
4 weeks of incubation. Interestingly, 25% of all CFUs occurred only after 2 weeks of incubation and 10% of all colonies
only emerged in week three and four post-plating. In total, 187 colonies were picked and isolated from the three coral
specimens. All picked colonies are being currently subjected to 16S rRNA gene sequencing. Genus-level identification of
the first 45 cultivates retrieved from 10-3 dilution plates after one week of incubation was achieved, with isolates affiliating
with the genera Ruegeria (N = 21), Kiloniella (N= 2), Labrenzia (N = 2), Roseovarius (N = 3), Phaeobacter (N = 1), Sulfitobacter (N = 1), Shewanella (N = 3), Vibrio (N = 5), Enterovibrio (N = 2) and Aquimarina (N = 4). Cultivation-independent
characterization of the microbial community of the E. labiata specimens and sea water samples is ongoing using next
generation sequencing technologies. On our poster, we will present the identification of all E. labiata isolates and hope to
compare our results with the cultivation-independent data. More (unusual) bacterial genera and families - different from
the above mentioned - are expected to be obtained from the higher dilutions (i.e. 10-4 and 10-5) and longer incubations
periods (i.e. after 2, 3 and 4 weeks, respectively); amongst them also those recognized as dominant sequences in the
E. labiata metagenome dataset.
P HMI 12
Rhizobial efflux system with its associated transcriptional regulator and their role in symbiosis
A. Zdyb1, A. Welker1, S. Krysenko1, D. Mitic1, M. Göttfert1
1
Technical University Dresden, Biology (Dresden, DE)
Efflux pumps enable bacteria to remove toxic chemical compounds from their cell. Rhizobial genome sequences reveal
the presence of a number of efflux systems belonging to different families. In the alfalfa symbiont Sinorhizobium meliloti
strain 1021, 14 efflux systems have been identified (1). In transcriptome analyses, the genes SMc03167 and SMc03168
– the deduced proteins are similar to the multi drug resistance proteins EmrB and EmrA of E. coli, respectively – were
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reported to be inducible by luteolin, a plant signal known to induce nodulation genes (2). Using a transcriptional emrA-gusA
fusion, we demonstrated that the gene is inducible by several flavonoids, strongest by apigenin but also by quercetin,
which is not an inducer of nodulation genes. This suggests that the gene is not regulated directly by NodD, which is the
activator of nodulation genes. Upstream of emrA, a TetR-type regulator (EmrR) is encoded. EmrR binds to palindrome-like
sequences within the emrA-emrR intergenic region (3). By creating translational emrR-lacZ fusions, we determined the
likely translational start site of emrR. We also confirmed that emrR is inducible by apigenin. After integration of the emrRlacZ fusion into an emrR mutant background, the fusion was no longer inducible by apigenin, however, the expression
level in the non-induced strain was significantly higher than in the wild type background. This suggests that EmrR acts
as a repressor, which regulates the transcription of emrAB and of its own gene. Interestingly, a mutation of emrR but not
of emrA, impaired symbiosis with alfalfa (3, 4 and unpublished results). This might indicate that a proper regulation of
emrAB is essential for the interaction of S. meliloti with alfalfa. To answer this question we use reporter gene fusions of
emrA and emrR and study their expression in nodules of alfalfa. Preliminary results indicate that EmrA is expressed in
the infection zone of alfalfa nodule. Subsequent experiments will focus on more detailed analyses of the expression and
regulation of the efflux system and of emrR.
This work was supported by the Deutsche Forschungsgemeinschaft through a Mercator Fellowship.
(1) Eda, S., et al. 2011. Appl. Environ. Microbiol. 77:2855-2862. (2) Capela, D., et al. 2005. Appl. Environ. Microbiol.
71:4910-4913. (3) Rossbach, S., et al. 2014. Mol. Plant-Microbe Interact. 27:379-387. (4) Santos, M. R., et al. 2014. Mol.
Plant-Microbe Interact. 27:388-399.
P HMI 13
Transcriptomic analysis of members of the peroxidase-catalase superfamily in phytopathogenic fungi
Magnaporthe oryzae & Magnaporthe grisea
M. Zamocky1,2, A. Kamlarova2
1
BOKU, Chemistry_Biochemistry (Wien, AT)
2
Slovak Academy of Sciences, Institute of Molecular Biology (Bratislava, SK)
Filamentous fungi Magnaporthe oryzae (Fig.1) and Magnaporthe grisea (Fig.2) are closely related phytopathogens from
the ascomycetous class of Sordariomycetes. M. oryzae is the causal agent of rice blast disease and together with M.
grisea it can also instigate diseases on a variety of grasses [1]. As pathogens of crop plants these fungi cause huge
harvest losses thus their detailed investigation is of essential global importance. From many intriguing aspects we have
chosen to study their responses to various forms of oxidative stress.
We cultivated these fungi in media containing various concentrations of H2O2, Cd2+, paraquat, peroxyacetic acid and
afterwards we detected the presence & expression of 3 typical genes of the peroxidase-catalase superfamily and 1 gene
of the catalase family. For the evaluation of their expression we applied the methodology of reverse-template quantitative
real-time PCR (RT-qPCR) where we used the fungal specific marker, ITS-1 as an internal control for all analysed samples.
The occurrence of hyBpox1 (coding for hybrid-type B peroxidase); katE1 (coding for a typical catalase) and katG2 genes
(coding for a bifunctional catalase-peroxidase) was evaluated after different time periods of treatment and in different
growth phases. Our results indicate a slight induction of mainly hybrid B peroxidase genes upon induction of the oxidative
stress with H2O2 and cadmium.
We demonstrate that all detected transcripts lead to production of secreted enzymes. Besides the bifunctional catalaseperoxidase [2] mainly two fused hybrid peroxidases containing a WSC-sugar binding domain [3] are responsible for a
rapid response of these fytopathogens against oxidative burst of the host plant.
Our research was supported by the Austrian Funding Agency FWF with the project P 27474 and by the Slovak Grant
Agency VEGA with grant 2/0021/14.
Figure legends: Fig.1 Magnaporthe oryzae grown on MPG agar, 16th day.
Fig.2 Magnaporthe grisea grown on MPG agar, 21st day.
References:
[1] Dean R., Van Kan J. A. L., Pretorius Z. A. (2012) Mol. Plant Pathol. 13:414-430.
[2] Zamocky M., Droghetti E., Bellei M., Gasselhuber B., Pabst M., Furtmüller P.G., Battistuzzi G., Smulevich G., Obinger
C. (2012) Biochimie 94:673-683
[3] Zamocky M., Gasselhuber B., Furtmüller P.G., Obinger C. (2014) Cell. Mol. Life Sci. 71:4681-4696.
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P HMI 14
Evolution marks in rhizobial microsymbionts genomes from the relict species Vavilovia formosa (Stev.) Fed.
V. Kopat1, E. Rubtsova1, E. Andronov1, V. Safronova1, N. Provorov1, A. Kimeklis1, A. Belimov1, A. Puhaev1
1
ARRIAM (St. Petersburg, RU)
Wide range of microorganisms was isolated from nodules of relict legume specie Vavilovia formosa. Some of these isolates
are similar to the evolutionary early symbionts (Rhodopseudomonas, Bradyrhizobium) other to evolutionary advanced
forms like Rhizobium leguminosarum. We suppose, that isolated strains may represent “living evidence” of evolutionary
pathway of the rhizobium-legume symbiosis. These include both the transition from free-living bacteria to plant symbionts
and the fine-tuning of host specificity.
We were looking for evolution processes marks (recruiting genes for symbiotic function, sym-genes clustering and their
horizontal transfer) and the newest ones, connected to a host specificity evolution in genomes of 10 strains isolated from
Vavilovia nodules. These genomes were sequenced and we tried to find any of all sym-genes there.
In the genome of Tardiphaga sp. (Bradyrhizobiaceae) we detected the presence of fixABGHNOPQ genes and their duplication and clustering (fixAB, fixGHNOP and fixNOP clusters). In addition, we observed presence nodBGHQW, noeL and
nolL genes too. However, Tardiphaga sp. doesn’t form nodules on peas and vetch (and probably on Vavilovia). Similar
results we have got for Bosea and Phyllobacterium isolated from Vavilovia as well.
Genome analysis of the strain presumably belonging to the species R. leguminosarum bv. viciae showed that along
with obvious similarity to the reference genomes of R. leguminosarum, it has a number specific features, namely: the
presence of nodX gene - wide host specificity marker of this type of rhizobia and the lack of fixKL genes, involved in fixgenes activation in an anaerobic environment. Therefore, our strain forms not nitrogen-fixing nodules on peas and vetch.
Thereby, among Vavilovia formosa symbionts we probably found rhizobia reflecting different stages of symbiosis evolution from free-living soil bacteria to advanced modern rhizobia and detected some processes related to host specificity
narrowing. Further analysis of the Vavilovia isolates genomes allow to define their symbiotic phenotype more particularly.
Synthetic Biology
P SB 01
TREX - a synthetic biology tool used for the bacterial production of prodigiosin
A. Domröse1, A. Klein2, J. Hage-Hülsmann1, J. Pietruszka2,3, K.- E. Jaeger1,3, T. Drepper1, A. Loeschcke1
1
Heinrich-Heine-University Düsseldorf, Institute of Molecular Enzymtechnology (Jülich, DE)
2
Heinrich-Heine-University Düsseldorf, Institute of Bioorganic Chemistry (Jülich, DE)
3
Forschungszentrum Jülich GmbH, 3Institute of Bio- and Geosciences IBG-1: Biotechnology (Jülich, DE)
Introduction: Microbes produce numberless compounds with high-value activities such as the antibiotic, cytotoxic and immunosuppressive secondary metabolite prodigiosin. Their enzymes for biosynthesis are often encoded by clustered genes which
are difficult to express using standard systems.
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Objectives: Limitations are associated with cloning, transfer, stable maintenance and especially with the functional expression
of all pathway genes. In addition, the microbial host provides a critical background for successful production, for example in
offering tolerance toward the produced compound. Hence, expression tools are required that enable the comparative evaluation
of different pathway/host combinations.
Methods: We have developed a novel genetic tool named TREX (pathway transfer and expression) which facilitates the expression of large gene clusters in bacteria. TREX consists of two gene cassettes which comprise different genetic elements. These
allow the conjugational transfer of the entire TREX-labeled gene cluster into the expression host, its stable integration into the
host chromosome via transposition as well as the concerted expression of all pathway genes irrespective of their orientation
and natural regulatory elements by convergent T7 RNA polymerase-mediated expression.
Results: TREX was applied to identify Pseudomonas putida as promising prodigiosin production host by functional expression
of the respective pathway encoding pig gene cluster from Serratia marcescens. Based on that, we successfully constructed
different P. putida production strains by randomized chromosomal integration of TREX-labelled pig cluster accumulating different
amounts of prodigiosin. A multi-step extraction and purification method allowed isolating highly pure prodigiosin as confirmed by
HPLC, high-resolution mass spectrometry and quantitativeNMR.
Conclusion: TREX is the first toolkit that enables the transfer, randomized genome integration and bidirectional expression of
complex gene clusters in a broad range of bacterial hosts. Consequently, TREX allows the reconstitution of pathways within a
number of different and metabolically versatile screening hosts in a plug-and-play fashion which offers new perspectives in the
fields of genome mining, synthetic biology and drug development.
P SB 02
Harnessing light to control the production of secondary metabolites in Pseudomonas aeruginosa
J. Herzer1, A. Dötsch1, G. Brenner-Weiß1, J. Overhage1
1
Karlsruher Institut für Technologie (Eggenstein-Leopoldshafen, DE)
Pseudomonas aeruginosa is a Gram-negative, water and soil bacterium as well as an opportunistic human pathogen causing
serious nosocomial infections. This bacterium is well-known for its metabolic diversity and the synthesis of a number of different secondary metabolites including rhamnolipids, which exhibit promising biotechnological potential. The synthesis of these
metabolites is tightly regulated in a highly cell-density-dependent manner through the interplay of the two main quorum sensing
systems Las and Rhl. In this study, we investigated the use of monochromatic light as a key molecular switch to control both Las
and Rhl regulatory networks and subsequently influence metabolite production in P. aeruginosa. For this purpose we constructed
synthetic regulatory networks by combining two different, well characterized light-dependent switches from Synecocystis sp.,
Bacillus subtilis, Avena sativa and Bradyrhizobium japonicum (Tabor et al. 2011; Ohlendorf et al. 2012) with the genes lasI, lasR,
rhlI and rhlR, which are coding for the respective quorum sensing molecule synthase and corresponding transcriptional regulator,
respectively. Using a subset of engineered PA01 strains in combination with a blue light switch, we obtained a light controlled
increase of 30 - 60% of LasI dependent quorum sensing activity determined by metabolite analyses and reporter gene assays. In
addition, a second red light based switch exhibited a controlled increase of approximately 40% in LasI dependent quorum sensing
activity. Further studies are currently investigating various combinations of light dependent switches, which can be used as optogenetic synthetic biology tools for a cell density independent control of metabolite synthesis in P. aeruginosa in vivo and in vitro.
References:
Ohlendorf, R., R. R. Vidavski, et al. (2012). ”From dusk till dawn: one-plasmid systems for light-regulated gene expression.” J
Mol Biol416(4): 534-542.
Tabor, J. J., A. Levskaya, et al. (2011). ”Multichromatic control of gene expression in Escherichia coli.” J Mol Biol405(2): 315-324.
P SB 03
Minibacillus: On the way to a minimal Bacillus subtilis cell
D. R. Reuß1, F. M. Commichau1, U. Mäder2, U. Völker2, T. Ischebeck3, I. Feussner3, J. Altenbuchner4, J. Stülke1
1
University of Göttingen, Dept. of General Microbiology (Göttingen, DE)
2
University Medicine Greifswald, Functional Genomics (Greifswald, DE)
3
University of Göttingen, Dept. of Plant Biochemistry (Göttingen, DE)
4
University of Stuttgart, Institute for Industrial Genetics (Stuttgart, DE)
To prove our comprehensive understanding of life, it is essential to define minimal sets of components that are required to
make up a living cell. Bacillus subtilis is one of the best-studied model organisms and furthermore a workhorse in biotech-
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nology, which is easy to manipulate. In the post-genomic era, this resulted in ongoing attempts to construct a minimal cell,
not only for B. subtilis. This aim can either be achieved bottom up - by artificially assembling designed chromosomes - or
top down - by the stepwise reduction of known genomes (1).
Here we present our approach and our progress on the way to a minimal B. subtilis cell. On this journey, we are facing
three major challenges: (i) the availability of a suitable deletion strategy, (ii) the appearance of poorly growing strains
and (iii) the risk of losing genetic competence. However, with our approach we have the chance to identify functions of
unknown genes, new functional interactions and novel moonlighting functions.
So far, we have deleted about 40% of the genome using a novel marker- and scarfree deletion system (2). We are taking
snapshots of the genome sequence, the transcriptome, the metabolome, the proteome and the secretome on a regular
basis. Results of first multi-omics analysis will be presented.
With this project, we want to design and create a B. subtilis strain equipped with a minimal core genome where all remaining
genes are essential. Furthermore we want to understand how each of these genes contributes to life.
1) Juhas et al. 2014. Microbiology. 160:2341-2351.
2) Wenzel & Altenbuchner 2015. Microbiology. 161: in press
Microbial Communities & MetaOmics
P META 01
Diversity and function of microbial communities in charge of micropollutants degradation analyzed by shotgun
and 16S rRNA metagenomic sequencing
K. Hellauer1, U. Hübner1, E. Müller1, J. Drewes1
1
TU München, Chair of urban water systems engineering (Garching, DE)
During managed aquifer recharge (MAR) like riverbank filtration, soil aquifer treatment and artificial recharge and recovery, microorganisms play an important role in biotransformation of dissolved organic carbon (DOC) and trace organic
chemicals (TOrC) 1,2. Co-metabolism is the most likely mechanism for degradation, regarding TOrC transformation 3. The
concentration and composition of DOC has an impact on the diversity of the microbial community in the infiltration layer and
vadose zone of MAR Systems as recent studies show using next generation sequencing 1. The development of sequential
managed aquifer recharge technology (SMART) combining two infiltration steps with an inbetween aeration step evolved
from results that oxic and oligotrophic conditions are favorable for microbial degradation of TOrC.
The objective of this study was to identify the composition and function of microbial communities responsible for TOrC
biodegradation by making use of shotgun and 16S rRNA metagenomic sequencing in combination with target analytical
methods (LC-MS/MS). In order to simulate the innovative SMART concept, two sequential lab-scale systems with an
inbetween aeration step to provide favorable aerobic, carbon limited infiltration in the second system, were established.
Simultaneously, bank filtration and artificial recharge systems in Berlin will be optimized for an enhanced TOrC attenuation
by adopting the SMART approach.
Results revealed the upregulation of enzymes like P450 cytochrome as well as a better degradation of micropollutants
in oxic and carbon limited conditions. These results suggest that biofiltration systems like groundwater recharge can be
engineered by establishing more favorable operating conditions to further improve the attenuation of TOrC.
1
D. Li, J.O. Sharp, P.E. Saikaly, S. Ali, M. Alidina, M.S. Alarawi, S. Keller, C. Hoppe-Jones, J.E. Drewes, Appl. Environ.
Microbiol. 78 (2012), 6819-6828
2
J.E.Drewes, D. Li, J. Regnery, M. Alidina, A. Wing, C. Hoppe-Jones, Water Science & Technology. 69.3 (2014), 628-633
3
M. Alidina, D. Li, J.E. Drewes, 2014, Water Research. 56 (2014), 172-180
P META 02
Reconstruction of evolution of the global population of Mycobacterium tuberculosis by analysis of
stratigraphic layers of polymorphic sites in genome sequences
O. Reva1
1
University of Pretoria, Biochemistry (Pretoria, ZA)
This work was inspired by the publication in Nature in 2014 by Bos et al. stating from an analysis of SNP in modern and
archeological genomes of Mycobacterium tuberculosis (Mtb) that the common ancestor of the Mtb complex existed less
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than 6000 years ago. One possible caveat of this estimation is that the rates were not the same for all SNPs. Another
explanation for such unexpectedly short time of common ancestry may be that the common ancestor may still exist in
the population as cryptic “stem line” and generate new descendants, which would resemble each other even if they
belonged to different epochs.
To check these hypotheses, 58025 amino acid substitutions in 1623 Mtb strains recorded at http://mtb.dobzhanskycenter.
org/ were used to estimate by parsimonious and maximum likelihood tree reconstructions the numbers of strains sharing
the same alleles and numbers of evolutionary events needed to explain the pattern of SNP distribution. At least 3 distinct
categories of SNP were found (Fig. 1): old and moderate age polymorphisms shared by derived progenies, and frequent
mutations occurring multiple times in unrelated strains (98% of total). Phylogenetic reconstruction based on the old and
moderate SNPs were congruent and showed existence of two wings of MTBC: isolates from East Asia and Australasia
grouped with still existing archaic African strains, and African-Asian-European-American isolates including M. bovis and
M. canettii (Fig. 2). Including all the mutations dramatically changed the tree topology due to homoplasy. Interestingly,
almost all SNPs related to antibiotic resistance were recent mutations except for a few of them. Thus, E->D substitution
at 92nd codon in the gid gene causing streptomycin resistance had happened in East-Asian clade of Mtb at the time of
departure from Africa approximately 70000 years ago that may indicate practicing medicinal plants containing aminoglycoside antibiotics to treat tuberculosis.
New sequencing technologies made it possible to study within species evolution based on counting of substitutions in
macromolecules. This approach is limited by oversimplification of existing evolutionary models. The considerations discussed in this work are to improve SNP based phylogenetic inferences by stratigraphic segregation of SNP accumulated
with significantly different rates.

Figure 1

Figure 2

96

ProkaGENOMICS 2015 • Göttingen • Germany

Poster Presentations
P META 03
Ecological diversity of the genus Acinetobacter and its role in genetic diversification and emergence of
pathogenicity
M. Garcia-Garcera1,2, M. Touchon1,2, E. P. Rocha1,2
1
Institut Pasteur, Microbial Evolutionary Genomics (Paris, FR)
2
CNRS, project EVOMOBILOME UMR3525 (Paris, FR)
Bacterial comparative genomics has increased our understanding of bacterial functional diversification within a species.
To understand multiple independent emergence of pathogens in certain bacterial clades such analyses must be made
at larger taxonomic levels. We have therefore sequenced all known and most proposed new species in a single genus
- the Acinetobacter. In this genus, A. baumannii is a major nosocomial, but other species are emerging as opportunistic
pathogens. To understand genetic diversification at these higher taxonomic levels one must include the bacteria ecological
context, which is too often unknown for bacterial facultative or opportunistic pathogens. We have queried metagenomic
data using the population genomic information on Acinetobacter to identify natural reservoirs, characterise niche diversity,
and study its evolution in the genus. Acinetobacter species can be found in a wide diversity of ecosystems, many of which
previously unknown, and these patterns tend to be more similar for closely related taxa. Yet, the change of these patterns
with time is not homogenous, showing some ancestral discontinuities that suggest a split of the genus in a small number
of ecologically differentiated groups of species.
We have compared the differences of gene repertoires of the genomes at the light of the environmental patterns, and
found strongly associated functional traits. In particular, our data shows that A. baumannii and its closely related species
are often found in human-associated ecosystems, mainly skin and oral mucosas. This association is supported by the
specific gene functions that differentiate this large clade from the others, which over-represents functions involved in
interaction with the host. Many of these traits were acquired before the massive use of antibiotics by humans, but may
have provided a favourable genetic background in an appropriate ecological environment for future emergence as opportunistic pathogens. Hence, our work sets a basis to understand the role of the ecological constraints in the process of
species diversification of bacterial pathogens.
P META 04
Metagenome-based metabolic reconstruction reveals the ecophysiological function of Epsilonproteobacteria
in a hydrocarbon-contaminated sulfidic aquifer
A. H. Keller1, C. Vogt1, S. Kleinsteuber1, K. Schleinitz1, S. Bertilsson2
1
Helmholtz Zentrum für Umweltforschung UFZ (Leipzig, DE)
2
Uppsala University, Department of Ecology and Genetics (Uppsala, SE)
The population genome of an uncultured bacterium assigned to the Campylobacterales (Epsilonproteobacteria) was reconstructed from a metagenome dataset obtained by whole-genome shotgun pyrosequencing. Genomic DNA was extracted
from a sulfate-reducing, m-xylene-mineralizing enrichment culture isolated from groundwater of a benzene-contaminated
sulfidic aquifer. Identical epsilonproteobacterial phylotypes were also detected in toluene- or benzene-mineralizing, sulfatereducing cultures enriched from the same site. Previous stable isotope probing experiments suggested that this phylotype
assimilates benzene-derived carbon in a syntrophic benzene-mineralizing consortium that uses sulfate as terminal electron
acceptor. However, the type of energy metabolism and the ecophysiological function of this bacterium within the consortium
and in the sulfidic aquifer were unknown so far.
Annotation of the population genome revealed that the Epsilonproteobacterium might gain energy by using sulfide or
hydrogen as electron donors, indicated by the presence of psr, hup and hyd genes. Polysulfide, fumarate, as well as
oxygen may serve as electron acceptors. Auto- or mixotrophic carbon metabolism seems possible since a complete reductive citric acid cycle (rTCA) was detected. In hydrocarbon-contaminated sulfidic habitats, the organism may generate
energy by coupling the oxidation of hydrogen and highly abundant sulfide with the reduction of fumarate and polysulfides,
accompanied by efficient assimilation of acetate produced during fermentation or incomplete oxidation of hydrocarbons.
Moreover, the capability of nitrogen fixation as indicated by the presence of nif genes provides a selective advantage in
groundwater habitats. Based on this metabolic reconstruction, a specific ecophysiological role of Epsilonproteobacteria
within the intermediary ecosystem metabolism of hydrocarbon-rich sulfidic sediments is proposed.
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P META 05
Characterisation of bacterial community in Phalaenopsis orchids with soft rots using Ion 16S™ Metagenomics
Kit
S. Alic1, T. Naglic1,2, M. Ravnikar1, N. Toplak3, S. Koren3, M. Peterka2, T. Dreo1,2
1
National Institute of Biology, Department of Biotechnology and Systems Biology (Ljubljana, SI)
2
Centre of Excellence for Biosensors, Instrumentation and Process Control, Centre for Biotechnology (Ajdovscina, SI)
3
Omega d.o.o (Ljubljana, SI)
Soft rots remain a limiting factor in Phalaenopsis orchid production. While their virulence and aggressiveness can be
strongly affected by microenvironment little is known about the changes in accompanying microflora during different
stages of infection and disease.
The aim of our study was (i) to characterize bacterial community structure in healthy and infected orchid leaves and (ii) to
evaluate the usability of Ion 16S™ Metagenomics Kit for plant tissues. Bacterial identity and concentrations were determined
in plant samples of Phalaenopsis orchids using isolation on media and qPCR analysis. Following DNA extraction from orchid
leaves in different disease stages, sections of 16S rDNA were amplified with 16S™ Metagenomics Kit and sequenced
on the Ion PGM system (316 chip). Data was analyzed with Ion Reporter (Life Technologies) and MG-RAST pipelines.
The Ion 16S™ Metagenomics Kit was suitable for analysis of bacterial community in orchid plant tissues with and without
rotting symptoms. Ion Reporter software enables separate analysis of different variable regions reads, giving slightly
different results compared with MG-RAST analysis averaging variable regions.
The percentage of eukaryote rRNA reads was higher in healthy (71,8 %) than in necrotized (up to 18,4 %) tissues correlating with the expected chloroplast degradation in rotting tisssues. However, number and quality of bacterial reads
was sufficient for community profiling. The results confirmed previous observations that Dickeya is the dominant species
in necrotized tissue and is associated with an increase in the genera Pantoea, Serratia and Streptophyta family while
Enterobacter was more common in asymptomatic parts.
The Ion 16S™ Metagenomics Kit was successfully applied to characterization of pathogen and associated microbial
communities in both healthy and necrotized orchid plant tissues, providing a detailed insight into community composition.
P META 06
Reconciliation between operational taxonomic units and species boundaries
M. Ahmed1,2,3, J. Raes2,3,4, N. Leys1, P. Monsieurs1
1
SCK-CEN, Department of Microbiology (Mol, BE)
2
Vrije Universiteit Brussel, Department of Bioscience Engineering (Brussels, BE)
3
VIB, VIB Center for the Biology of Disease (Brussels, BE)
4
KU Leuven (Leuven, BE)
The development of high-throughput sequencing technologies has revolutionized the field of microbial ecology via 16S
RNA amplicon sequencing approaches. Clustering those amplicon data into Operational Taxonomic Units (OTU) is one
of most commonly used approaches to approximate bacterial species. Since a 97% 16S rRNA sequence similarity has
been widely used in bacterial taxonomy to delineate species, the same cut-off is often applied when clustering amplicon
reads in OTUs. However, where this cut-off is derived when applied on full 16S rRNA gene, the amplicons obtained with
current high-throughput sequencing approaches in general only rely on one or two variable regions with this 16S rRNA
gene. Therefore, within this work we assess the paradigm that applying a clustering step using a sequence similarity cut-off
of 97% would lead to OTUs accurately corresponding to species. We show that that robustness of this species cut-off is
questionable when applied to short amplicons that are only representing a small part of the full 16S rRNA gene. Indeed,
the selected amplicon might be more evolutionary conserved for a specific taxonomic lineage, leading to the merging
of different species at the OTU level, while the selected region might have a higher evolutionary rate in other lineages,
resulting in a scattering of different strains of the same species over distinct OTUs. Based on our observations we claim
that integrating the differential evolutional rates of taxonomic lineages by defining a lineage dependent OTU cut-off score,
provides a more accurate correspondence between OTUs and species.
Figure 1: Heatmap plot illustrating (per column) the different bacterial families and their level of conservation. Ranging
from Red color that reflect high level of dissimilarity and Blue reflecting high level of conservation. The plot also illustrate
each of the families’ phylum, indicating the differential evolutionary rate between the various lineages.
Figure 2: Heatmap plot illustrating different amplicon starting positions (with a length of 300) for each bacterial families,
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where red-orange-yellow illustrates over-clustering due to close distance between them, while blue illustrate no-over
clustering problem. Phyllium color code shown in Figure1.

Figure 1 					

Figure 2

P META 07
Genome evolution in a defined host-associated bacterial community colonizing gnotobiotic mice
D. Garzetti1,2, S. Brugiroux1, C. Pfann3, D. Berry3, A. Loy3, K. McCoy4, A. Macpherson4, B. Stecher1,2
1
Max von Pettenkofer Institute, LMU (Munich, DE)
2
German Center for Infection Research, DZIF partner site (Munich, DE)
3
University of Vienna, Department of Microbial Ecology (Vienna, AT)
4
University of Berne, Department of Clinical Research (Berne, CH)
Introduction: Evolution of bacterial genomes is mostly driven by small mutations or horizontal gene transfer (HGT),
which occur in response to environmental changes. The mammalian intestinal microbiota represents an ecosystem whose
functionality is influenced by various host and environmental factors, affecting the composition, gene expression and
evolution of the microbial community over time. A thorough understanding of the genome stability/flexibility of the whole
microbiota population and its distinct members can be achieved by high-throughput-sequencing data analysis, which is
nowadays an exceptional tool to investigate the functional evolution of microbiota communities.
Objectives: We have used a defined consortium of 12 cultivable murine isolates (Oligo-MM) and a gnotobiotic mouse
model to study the role of the gut microbiota and its association with diseases. Such a bacterial collection represents an
ideal model for investigating short- and long-term genome evolution of commensal bacteria, and for delineating microbiotaassociated functions and metabolic potential in their natural host.
Materials and Methods: Genomic DNA of the 12 bacterial strains was extracted from bacterial suspensions of frozen stocks
grown in anaerobic conditions, while a metagenomic DNA sample was obtained from cecum material of mice colonized
with the Oligo-MM community for 2 years. Shotgun-sequencing was performed either on Illumina MiSeq or HiSeq platforms
for single genomes and for the metagenome sample, respectively. Assembly of sequencing reads was performed using
SPAdes, Ray and BWA software, followed by annotation with the RAST server and computation of KEGG pathways.
Results: Availability of the assembled genomes of the 12 Oligo-MM bacteria allowed us to gain insights into the fitness
factors, antibiotic resistance genes and putative virulence factors of this defined gut microbiota, and to assess HGT
events. A KEGG map of the metabolic/functional pathways encoded by the whole community and by the single members
was generated. Moreover, genome stability could be addressed by comparing genome sequences of the same strains
re-isolated after long-term colonization of the same environment.
Conclusions: Evolution of bacterial genomes within complex gut microbial communities can be efficiently studied via this
reductionist approach, using a small defined consortium of murine isolates.
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P META 08
The metagenomic and hydrolytic potential of an agricultural production scale biogas fermenter in comparison
with natural biomass degrading systems
S. Güllert1, M. Fischer2, D. Turaev3, B. Wemheuer4, M. Alawi5, T. Rattei3, R. Schmitz-Streit2, W. Streit1
1
University of Hamburg, Microbiology and Biotechnology (Hamburg, DE)
2
Christian-Albrechts-University Kiel, Institute of General Microbiology (Kiel, DE)
3
University of Vienna, Division of Computational Systems Biology (Vienna, AT)
4
Georg-August-University , Institute of Microbiology and Genetics (Göttingen, DE)
5
Heinrich Pette Institute, Leibniz Institute for Experimental Virology (Hamburg, DE)
Agricultural biogas fermenters are artificial systems made for the anaerobic digestion of plant biomass to methane. A
prerequisite for this conversion is the efficient primary degradation of highly recalcitrant lignocellulosic plant substrates
to fermentable oligo- and monomers. The microbiomes of natural biomass degrading systems like ruminants or hindgut
fermenters are highly specialized in this conversion. A comparison of the metagenomic hydrolytic potential of the microbial
community inside a biogas fermenter with the microbiomes of evolved natural systems, might lead to the identification
of differences in the way lignocellulose is degraded and furthermore elucidate differences in important bacterial groups
involved in this process.
Here we report on the sequencing of total DNA extracted from an agricultural production scale biogas fermenter using
Illumina HiSeq technology. Assembly of the reads resulted in 1.2 gigabases of assembled metagenomic DNA encompassing approximately 2 million ORFs. A detailed comparison with datasets published from elephant feces [1] and a cow
rumen sample [2] showed notable differences in the abundance and diversity of encoded glycoside hydrolases (GHs).
The overall representation of GH families associated with cellulases was lower in the biogas fermenter compared to the
examined natural systems. A phylogenetic assignment of GH families with cellulolytic activity revealed a low representation
of enzymes derived from Bacteroidetes and Fibrobacteres in the biogas fermenter. Using RNA-Seq, highly expressed
GH families in the biogas fermenter were identified. In addition, phylogenetic analyses of the microbial community inside
the biogas fermenter based on marker genes in the metagenome and 16S rRNA gene amplicons were conducted. About
60% of the bacteria are affiliated with the phyla of Firmicutes followed by Bacteroidetes (10%). The majority of archaea in
the sampled fermenter belong to the genus Methanoculleus followed by Methanosarcina and Methanomassiliicoccus. A
metagenomic binning approach allowed partial genome reconstruction of several organisms belonging to these groups.
1. Ilmberger, N., et al., PLoS One, 2014. 9(9): p. e106707.
2. Hess, M., et al., Science, 2011. 331(6016): p. 463-7.
P META 09
Total and active bacterioplankton communities on a transect ranging from the southern Patagonia to the
Antarctic Peninsula
K. Smaluch1, B. Wemheuer 1, Rolf Daniel 1
1
Institute of Microbiology and Genetics, Genomic and Applied Microbiology (Göttingen, DE)
Aim: Although marine bacterioplankton has been intensively investigated over the past years, structures and distribution
of marine bacteria are still not fully understood as the majority of the studies focus only on the total community. The object
of the current study was to determine total and active bacterial community structures in several marine provinces along
one of the longest transect from southern Patagonia to the Antarctic Peninsula.
Methods: For the current investigation, water samples were taken from surface water (20m and 60m depth) at 40 stations
of the Atlantic and Southern Ocean in spring 2012. With 15,000 km, it is the longest investigated transect in the Atlantic
Ocean so far. Pyrotag-sequenced 16S rRNA amplicons generated from environmental DNA and RNA were used to assess
the present community structure. More than one million high-quality bacterial 16S sequences with an average read length
of 720 bp were obtained and compared with Sanger sequences across all sampling stations.
Results: Alphaproteobacteria and Cyanobacteria dominated the bacterioplankton across all samples taken in the Atlantic
Ocean. In particular, sequences were mainly affiliated to the SAR11 clade and the genus Prochlorococcus. In the Southern
Ocean, the SAR11 clade was less prominent. Antarctic communities were dominated by the Roseobacter clade. Not
only bacterioplankton community structures but also bacterial richness and diversity changed along the studied transect.
Preliminary results indicate that bacterial richness and diversity of the total bacterial community are higher at the equator.
The opposite was recorded for the richness and diversity of the active bacterial community.
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Outlook: These results provide a yet unique insight into the total and active diversity and distribution of marine bacterioplankton community structures along a geographical transect. Although, metatranscriptomic studies greatly advance our
knowledge on the composition of bacterial communities in diverse marine habitats, further studies need to be performed
to extend the dimensions of comparable global data based on 16S rRNA-based approaches.
P META 10
Molecular characterization of microbial communities during ensiling conditions and biogas production
C. Grumaz1, F. Wiese1, P. Kirstahler1, P. Stevens2,3, N. L. Haag4, S. Fehrmann5, T. Hartsch5, B. Kempter-Riegel1
K. Sohn1
1
Fraunhofer IGB (Stuttgart, DE)
2
University of Stuttgart IGVP (Stuttgart, DE)
3
Center for Integrative Bioinformatics Vienna, Max F. Perutz Laboratories, University of Vienna (Vienna, DE)
4
University of Hohenheim LAB (Stuttgart, DE)
5
Genedata (Munich, DE)
Scientists of Hohenheim University and Fraunhofer Institute IGB together with industrial partners focus on improvement
of sustainability of biogas production. Therefore all single process steps, from plant production to the recycling of occurring residuals, are under investigation. Here, we present the molecular characterization of microbial populations during
ensiling and biogas production based on metagenomic analyses.
In accordance to the idea of our project of running a biogas plant as a biorefinery, we first investigated a possible improvement of ensiling conditions by different treatments of four feeding substrates (amaranth, corn, gras and rye) on the
subject of higher yields in lactic acid production, which can later be used as platform chemical. First results indicate that
the yield in lactic acid can be doubled using corn and grass as primary substrates. Our taxonomic analysis by 16S rDNA
amplicon sequencing revealed 2-3 dominant Lactobacillus species which correlate with high lactic acid yields, but which
are dependent on the corresponding substrate. While an almost dominant monoculture of L. plantarum was identified
in the best treated gras silage, a co-culture of L. plantarum and L. brevis was observed for the best treated corn silage.
However, as this 16S amplicon approach might be sufficient to properly investigate microbial communities of reduced
complexity, like those found in silages, we chose to characterize the significantly more complex populations during biogas
fermentation by whole genome shotgun (WGS) sequencing. Beyond the more stable taxonomic classification power of
WGS data, it also allows to uncover enrichments in gene coding potential and thus to reconstruct pathways. Especially in
such a complex four-step fermentation process like the methane production (hydrolysis, acidogenesis, acetogenesis and
methanogenesis), it is crucial not only to know which key players are responsible but also to understand the contributional
pathways leading to high methane yields. We collected samples from biogas reactors fed with different substrates at different timepoints to first, elucidate the microbial composition during methane production and second to identify time-resolved
functional gene repertoires to gain further insight into the interplay of the detected organisms.
P META 11
Diverse ecological adaptation of Prevotella species, a major group in mammalian gut, as revealed by
comparative genomic analysis of glycan binding and degrading protein repertoires
T. Accetto 1, G. Avgustin1
1
University of Ljubljana (Domzale, SI)
Introduction: The metagenomic studies have established that the bacteria of the genus Prevotella are one of the major
groups found in the oral cavity and large intestine of man and also dominate the cow rumen. They belong to the Bacteroidetes, a large bacterial phylum, well known for the polysaccharide degrading potential of its members. This potential stems
from the outer membrane localized enzyme/binding protein complexes coded in polysaccharide utilization loci (PULs).
Objectives: While dozens of Prevotella species, primarily from oral cavity, have been described and many can occur
simultaneously at the same sites, there is little research on their ecological adaptation. Here we analyze the repertoires
of PULs and carbohydrate acting enzymes (CAZYmes) found in Prevotella genomes.
Material and methods: The polysaccharide binding SusD-like proteins detected in fifty Prevotella genomes were used
as PULs indicators and sorted into groups by mcl following the all vs. all blastp search. Prevotella PULs repertoires were
thus generated. The PULs putative target substrates were deduced by comparison to PULs with known substrates in
genus Bacteroides. The CAZYme repertoires of Prevotella species were obtained using dbCAN. The SusD-like and
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CAZYme repertoires were compared among Prevotella species using pvclust and R package vegan was used for NMDS
of Prevotella profiles which included SusD-like proteins and CAZYmes for which the origin of their substrates (host or plant
glycan) was reliably determined.
Results: Almost 1200 SusD-like proteins were detected in Prevotella genomes and for half thus identified PULs a target
substrate was predicted. The CAZYme repertoires were in the agreement with the SusD-like protein data. Using the approach
outlined in methods, we have found out that Prevotella species are heterogeneous and display several distinct adaptations
with regard to the number, source and nature of substrates most likely preferred for growth.
Conclusion: Although the genus Prevotella currently contains mostly species isolated from mammal oral cavity, the ecological adaptations are diverse: on one hand there is a profound reduction of glycan utilization apparatus in some periodontopathogenic species yet on the other hand some oral species seem proficient in degrading both plant and host secreted glycans.
P META 12
Filtration and normalization methods for whole-metagenome shotgun sequencing
P. Chouvarine1, L. Wiehlmann1, P. Moran Losada1, B. Tümmler1
1
Hannover Medical School (Hannover, DE)
Introduction: Next-generation sequencing is becoming increasingly affordable, which makes whole-metagenome sequencing
an attractive alternative to traditional 16S rDNA, RFLP, or culturing approaches to analysis of metagenomic samples. The
advantage of whole-metagenome sequencing is that instead of analyzing a single 16S gene or other biomarkers it directly
inferences the metabolic capacity and physiological features of the studied metagenome without the knowledge of genotypes
and phenotypes of the members of the bacterial community. Problems of 16S rDNA sequencing, such as unknown copy
number of the 16S gene and lack of sequence homology of the “universal” 16S primers to some of the target 16S genes are
not present in whole-metagenome sequencing. On the other hand, next-generation sequencing suffers from biases resulting
in non-uniform coverage of the sequenced genomes, which, however, can be normalized.
Objectives: While there has been substantial research in normalization and filtration of read-count data in such techniques
as RNA-seq or Chip-seq, to our knowledge, this has not been the case for the newly developing field of whole-metagenome
shotgun sequencing. In this poster we present a model of GC-bias affecting sequencing reads inmetagenomic samples
and filtration and normalization techniques necessary for accurate quantification of microbial organisms in such samples.
Materials & methods: We performed our analysis using a collection of 30 upper airways samples from cystic fibrosis patients
for validation of filtration techniques and to analyze absolute bacterial abundances. The proposed filtration techniques identify
and filter out reads mapping to genomic islands based on their positional distribution across the reference genome. We
used a sample of seven pooled bacteria present in equal DNA amounts for establishment of the GC-normalization model.
All sequencing was performed using the SOLiD platform.
Results: We validated our filtration techniques and confirmed that there is no library size effect on the proportion of filtered
out reads. We also report the corrected bacterial abundance estimates after application of the proposed GC-normalization
model. Absolute bacterial abundances are also calculated.
Conclusion: Accuracy of abundance estimates of bacteria colonizing the host can play an important role in monitoring
disease progression and treatment response for diseases such as cystic fibrosis.
P META 13
The microbial metagenome of cystic fibrosis lower airways
P. Morán Losada1, P. Chouvarine1,2, A. Schulz1,2, S. Hedtfeld1, S. Mielke1,2, M. Dorda1,2, L. Wiehlmann1,2, B. Tümmler1,2
1
Hannover Medical School, Klinik für Pädiatrische Pneumologie, Allergologie und Neonatologie (Hannover, DE)
2
German Center for Lung Research, Biomedical Research in Endstage and Obstructive Lung Disease (BREATH) (Hannover, DE)
Cystic fibrosis (CF) is a multi-organ disease caused by mutations in the CF transmembrane conductance regulator (CFTR)
gene, which leads to the absence of normal CFTR protein.
The lower airways of individuals with CF are colonized with polymicrobial communities of viruses, bacteria, fungi and molds.
The composition and variation of the microbiome in CF lungs is critical for course and prognosis of CF because the microorganisms sustain a vicious cycle of infection, inflammation and remodeling. We have explored whole genome sequencing
(WGS) using SOLiD technology applied directly to DNA extracted from sputa obtained from 20 exocrine pancreatic insufficient and 10 exocrine pancreatic sufficient patients with CF who are seen at Hannover Medical School. One to five sputum
samples were collected from each patient over a 2-year period. Primary reads were trimmed and filtered. The reads were
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aligned first to the human reference genome and twice to a dataset of 1,800 complete bacterial, 4,193 virus and 1,153 fungi
and molds genomes. Finally the sequences were normalized by GC content and genome size.
The analysis of temporal series of specimens revealed that each patient carried a specific signature of microbes in his airways
unless drastic interventions were undertaken to eradicate unpleasant pathogens such as Burkholderia spp. The spectrum
of bacterial species ranged from metagenomes indistinguishable from that of a healthy non-CF control to metagenomes
dominated by the typical CF pathogens Staphylococcus aureus or Pseudomonas aeruginosa. During exacerbations the relative and absolute abundance of species changed, but not the overall signature. On average, our pipeline detected several
hundred bacterial and viral species, however, only a few fungal species were found. Five to forty species made up 95% of
the bacterial metagenome. Our paradigmatic pilot study demonstrates that whole genome sequencing provides deep insight
into the microbial CF lung metagenome.
P META 14
A comparative study on 16 S rDNA primers for monitoring archaeal and bacterial community structure in diverse
environments revealing method based bias
M. A. Fischer1, S. C. Neulinger1, S. Güllert2, S. Künzel3, W. R. Streit2, R. A. Schmitz1
1
University of Kiel, General Microbiology (Kiel, DE)
2
University of Hamburg, Microbiology & Biotechnology (Hamburg, DE)
3
Max-Planck-Institute of Evolutionary Biology, Evolutionary Genetics (Plön, DE)
In the still rising field of microbial community analysis, metagenomics and amplicon sequencing play an important role in
monitoring and comparing large numbers of samples in terms of their microbial composition. These datasets allow detailed
insight in the diversity and potential ecosystem function.
Here we compared the complex microbial community inside an anaerobic biogas reactor using a metagenomics approach
and various 16S ribosomal DNA primer sets, targeting different variable regions of archaeal and bacterial 16S rDNA.
Different primer sets (3 targeting archaea, 2 bacteria and 1 prokaryotes) were chosen and compared against the curated
Silva 16S rDNA database. All primer sets in silico covering more than 60 % of their respective target group were used to
analyze the natural diverse microbial community of a biogas reactor by a 454 pyrosequencing approach applying multiplexing
barcodes. Respective metagenomic data were generated by Illumina MiSeq sequencing and assembled using IDBA-UD.
Observed community structure differed significantly between the different primer sets for archaea (Fig. 1) as well as for bacteria (Fig. 2). An even stronger difference was observed comparing metagenomic data to the 16S rDNA based observation.
These results will be discussed and presented.
In conclusion our results show that the choice of the primer set determines the quality and the perspective on the community. Therefore the comparability between communities analyzed with different primer sets might be lower than currently
expected. In contrast the metagenomic approach is independent from primer bias but can be distorted resulting from the
assembly and annotation process. In our understanding both methods have their limitation and thus might be applied each
for a different purpose.

Figure 1 			

Figure 2
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P META 15
Understanding entomopathogenic bacterial lifestyles through genome sequencing
N. Tobias1, H. Bode1,2
1
Goethe University, Biowissenschaften (Frankfurt am Main, DE)
2
Goethe University, Buchmann Institute for Molecular Life Sciences (Frankfurt am Main, DE)
Entomopathogenic bacteria of the genera Photorhabdus and Xenorhabdus live a very similar lifestyle involving a symbiotic
stage in conjunction with nematodes, followed by a pathogenic stage of insects. In both of these stages, these bacteria
produce a number of secondary metabolites that are involved in everything from promoting the development of juvenile
nematodes to protecting the insect cadavers from other bacteria competing for nutrients. Using high throughput genome
sequencing, we assembled and annotated 3 Photorhabdus and 19 Xenorhabdus genomes. Core and pan genome analyses
were performed leading to the discovery of several protein families present in all of the entomopathogens sequenced, but
absent from the E. coli K12 genome, revealing a potential “lifestyle core genome”. A comprehensive bioinformatics based
secondary metabolite analysis highlights some important key gene clusters that are spread throughout the genera, while
simultaneously revealing a surprising diversity in the metabolic potential of these bacteria. These data, supported with
a metabolomic survey confirming the presence of several compounds from known secondary metabolite gene clusters,
provide detailed and novel insights into the genomic and metabolomic properties of two closely related genera that
propagate in a very specific niche.
P META 16
Characterisation of three novel bacteriophages infecting Pseudomonas putida
D. Magill1, V. Krylov2, J. Quinn1, J. McGrath1, C. Allen1, L. Kulakov1, C. Allen1
1
Queens’ University Belfast, Microbiology (Belfast, GB)
2
Mechnikov Research Institute for Vaccines and Sera, Bacteriophage Genetics (Moscow, RU)
Bacteriophages (phages) are the most abundant biological entities on the planet. They play profound roles in shaping the
biosphere through their influence on biogeochemical cycling and the evolution of their bacterial hosts (1).
Pseudomonas putida strains are incredibly diverse and are involved in the degradation of a variety of aromatic compounds
such as phenol (2). This makes them an important constituent of microbial communities, especially from a bioremediation
perspective.
The heterogeneity observed in P. putida strains is reflected in their phages and this makes them an ideal system for
studying phage biology as a whole. In addition, understanding phages infecting important environmental bacteria allows
for a deeper insight into the dynamics of microbial communities.
The characterisation of the P. putida Ppg1 phages PMW and pf16, as well as the P. putida KT2440 infecting phage DJM
are presented. PMW is a distant relative of the recently formed subfamily Felixounavirinae and takes its place as the first
P. putida phage of this group. Pf16 represents the first T4-like Pseudomonas phage and shows a highly modular evolution
from a variety of marine phages.
The KT2440 podovirus DJM represents a recent divergence from the Pseudomonas syringae phage phiPSA2 towards
infecting P. putida.
1. Fuhrman, Jed A. “Marine viruses and their biogeochemical and ecological effects.” Nature 399, no. 6736 (1999): 541-548.
2. Monteiro, Álvaro AMG, Rui AR Boaventura, and Alı́rio E. Rodrigues. “Phenol biodegradation by Pseudomonas putida
DSM 548 in a batch reactor.” Biochemical Engineering Journal 6, no. 1 (2000): 45-49.
P META 17
EDGAR - A public database for comparative genomics
J. Blom1, J. Kreis1, S. Spänig1, A. Goesmann1
1
Justus-Liebig-Universität Gießen, Bioinformatics and Systems Biology (Gießen, DE)
The deployment of next generation sequencing approaches has caused a rapid increase in the number of completely
sequenced genomes. As one result of this development, it is now feasible to analyze not only single genomes, but large
groups of related genomes in a comparative approach. A main task in comparative genomics is the identification of
orthologous genes in different genomes and the classification of genes as core genes or singletons.
To support these studies EDGAR - „Efficient Database framework for comparative Genome Analyses using BLAST score
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Ratios“ - was developed. Using a generic orthology criterion based on the distribution of alignment hits within a genus
EDGAR is designed to automatically perform genome comparisons in a high throughput approach. Comparative analyses
for 2072 genomes across 161 genera taken from the NCBI genomes database were conducted with the software and
the results were integrated into an underlying database. EDGAR providesseveralanalysisand visualizationfeatures and
significantly simplifies the comparative analysis of related genomes. The web-based user interface offers Venn diagrams,
synteny plots, and a comparative view of the genomic neighbourhood of orthologous genes.
Recently, the software was extended with various new features like statistical and phylogenetic analyses, replicon grouping options and second level analyses of meta-genesets. EDGAR calculates phylogenetic trees as well as amino acid
identity (AAI) matricesbased on all genes of the core genome, providing a solid basis for both analyses. Thus the software
supports a quick survey of evolutionary relationships and simplifies the process of obtaining new biological insights into
the differential gene content of kindred genomes.
EDGAR is among the most established tools in the field of comparative genomics. In addition to the publicly available
projects more than 150 private projects with more than 5000 analyzed genomes have been computed during the last 5
years. EDGAR is available via the public web server: http://edgar.computational.bio.
P META 18
Impact of tree species on soil bacterial community diversity and composition
A. Dukunde1, D. Schneider1, R. Daniel1
1
Georg-August University Göttingen, Genetics and Applied Microbiology (Göttingen, DE)
Forest soils offer an important and unique habitat to prokaryotes. The combined effect of soil properties such as pH,
moisture and carbon or nitrogen content as well as organic matter or chemical exudates supplied by plants shape the
bacterial community structure [1]. In the current project, high throughput pyrotag sequencing of the 16S rRNA gene was
used to assess the effect of tree species composition on the bacterial community structure in a temperate deciduous
forest. Samples were collected from 48 plots with mono and mixed-stands of Fagus sylvatica (beech), Carpinus betulus
(hornbeam), Tilia sp. (lime), and Quercus sp. (oak) in the Hainich National Park in spring, summer and autumn. Results
show that at phylum level, Acidobacteria, Actinobactria, Proteobacteria and Bacteroidetes were most abundant across all
plots. Acidobacteria exhibited the greatest variation in relative abundance (27 - 53%) across mono-stands and mixed-stands,
and were particularly abundant in beech forest stands. Proteobacteria communities remained almost unchanged across all
plots with 30 - 40% relative abundance. Actinobacteria were particularly abundant in mixed clusters while Bacteroidetes
showed no significant variation in relative abundance. A strong association of bacterial communities with specific stands
was observed for beech and lime monostands, as well as beech-oak-lime and beech-horn-lime mixed stands. Lime and
lime-containing stands tended to have a higher bacterial diversity than other stands. Mapping environmental parameters
to the bacterial community showed a significant association of Acidobacteria and Gammaproteobacteria with lower pH
values in beech mono-stands. The abundances of Alpha-, Beta- and Deltaproteobacteria were mostly related to increasing
nitrogen and phosphorus content, as well as to increasing pH. The patterns observed in the data demonstrate how tree
species contribute to the bacterial diversity and community structure in a forest ecosystem.
[1] Pfeiffer, B., Fender, A., Lasota, S., Hertel, D., Jungkunst, H. F., Daniel, D. (2013). Leaf litter is the main driver for changes
in bacterial community structures in the rhizosphere of ash and beech. Appl Soil Ecol 72: 150 - 160.
P META 19
Synthetic long-reads provide detailed insights into microbial mat metagenomes
D. Schneider1, A. Thürmer1, H. Klingenberg2, P. Meinicke2, R. Daniel1
1
Georg-August Universität, Department of Genomic and Applied Microbiology and Göttingen Genomics Laboratory
(Göttingen, DE)
2
Georg-August Universität, Bioinformatics (Göttingen, DE)
In this metagenomic study, we used TruSeq synthetic long-reads (former Moleculo) on analogs of the world’s most ancient
ecosystems: microbial mats. Microbial mats are multilayered, highly robust microbial assemblages with self-sustaining
abilities. These mats occur in extreme habitats, for example at the world’s largest atoll Kiritimati (Central Pacific). One
of the main problems that current metagenomic shotgun studies face is the accurate classification of the obtained NGS
reads, mostly due to too short sequence length and lack of references. Many approaches to address this issue are
available, however, current solutions are mostly a trade-off and finally depend on available reference data. With the new
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ingenious approach of TruSeq synthetic long-reads this bottleneck can be bypassed by producing read lengths of 1,500
to 10,000 (and even more) base pairs. In addition, the long-reads have a low error rate and thereby enable deep insights
into the microbial “dark matter”, as recently only achieved by single cell genomics. Due to its nature (layered structure,
relatively limited bacterial diversity) microbial mats are excellent study objects and can serve as model ecosystem and
model metagenome. The prokaryotic community structure of the Kiritimati mat was analyzed in detail in a former study
by next-generation sequencing of bacterial and archaeal 16S rRNA genes. Here we give a glimpse into the potential of
this synthetic long-read technique and its suitability for metagenomic studies.
P META 20
The green impact: bacterioplankton response towards a phytoplankton spring bloom in the southern North
Sea
B. Wemheuer1, F. Wemheuer2, J. Hollensteiner1, F.- D. Meyer1, S. Voget1, R. Daniel1
1
Institute of Microbiology and Genetics, Genomic and Applied Microbiology (Göttingen, DE)
2
Department for Crop Sciences, Agricultural Entomology (Göttingen, DE)
Phytoplankton blooms have severe effect on ecosystem functioning of microbial communities as they upend several
environmental factors. In the present study, the response of the bacterioplankton community to a phytoplankton bloom
was investigated in the southern North Sea by comparative metagenomic and metatranscriptomic approaches.
Water samples were taken inside and outside of an algal spring bloom at different daytimes. Structural changes of the
community were investigated by amplicon-based analysis of 16S rRNA genes and transcripts generated from environmental
DNA and RNA, respectively. In addition, functional changes were assessed by direct sequencing of environmental DNA
and mRNA. Across all samples, more than 500 million sequences were used for community analysis.
Several marine groups significantly responded towards bloom presence. The abundance of these groups was either
increased or decreased indicating either a stimulation or inhibition induced by bloom presence.In addition, differences in
gene expression profiles between bloom and non-bloom samples were recorded. For example, a higher genome-wide
gene expression level of Planktomarinatemperata, an abundant member of the Roseobacter clade, was observed inside
the bloom.Furthermore, expression levels of different genes such as heat shock protein-encoding geneswere enhanced
inbloom samples.
The results provide a yet unique insight into compositional and functional variations of marine bacterial communities in
response to a phytoplankton bloom. As consequence, they contribute to a deeper understanding of the versatile influence
of phytoplankton blooms on functions and structureof bacterioplankton communities.
P META 22
Hoopoe’s uropygial gland secretion microbiome
S. M. Rodríguez-Ruano1, M. Martín-Vivaldi2, A. M. Martín-Platero1, î Martínez-García3, J. J. Soler3, E. Valdivia1
M. Martínez-Bueno1
1
University of Granada, Microbiology (Granada, ES)
2
University of Granada, Zoology (Granada, ES)
3
Experimental Station for Arid Zones, CSIC (Almería, ES)
Introduction: The hoopoe (Upupa epops) is known to host bacteria in its uropygial gland (UG). These symbiotic bacteria
provide the bird with antimicrobial substances (1, 2) that aid in protecting feathers against keratinolytic bacteria (3) and
eggs against pathogens (4). Enterococci have been found in the UG secretion of breeding females and nestlings when
using culture-dependent techniques, but several lines of evidence suggest the presence of other groups of bacteria as well.
Objectives: This study aims to describe the microbiome of the UG secretion of hoopoes.
Materials & Methods: DNA extractions were made from dark secretions of 50 breeding females and 37 nestlings of
hoopoe sampled in 2010, 2011 and 2012, and then 454 GS FLX Titanium pyrosequencing was performed. The sequences
obtained were preprocessed, filtered and analyzed using the scripts in QIIME 1.8 (5). OTUs were defined according to the
Distribution Based Clustering Method (6) and taxonomy was assigned with BLAST 2.2.22 against the Greengenes_12_10
database. Statistical analyses were performed using R.
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Results: More than 90% of OTUs in the microbiome were Firmicutes, and more than 40% were included in the family Clostridiaceae. Twenty-five OTUs (including the genera Coprococcus, Peptoniphilus, Ruminococcus, Clostridium,
Porphyromonas, and some unidentified Clostridiales) were present in more than 50% of the samples. When comparing
diversity between samples using the Shannon index, females and nestlings showed no differences (Kruskal-Wallis tests,
N = 68; χ2 = 2.41; P = 0.121). In contrast, captive and wild populations were different in both cases (Kruskal-Wallis tests;
females, N = 42; χ2 = 4.68; P = 0.031; nestlings, N = 26; χ2 = 5.21; P = 0.022).
Conclusion: The hoopoe’s uropygial microbiome is dominated by clostridia. The bacterial assemblage of this community is quite stable, although some differences may be detected between captive and wild populations, probably due to
environmental influences.
1. Martín-Platero AM et al. 2006. Appl Environ Microbiol 72:4245-4249
2. Martín-Vivaldi M et al. 2010. Proc R Soc B Biol Sci 277:123-130
3. Ruiz-Rodríguez M et al. 2009. J Exp Biol 212:3621-3626
4. Martín-Vivaldi M et al. 2014. J Anim Ecol 83:1289-1301
5. Caporaso JG et al. 2010. Nat Methods 7:335-336
6. Preheim SP et al. 2013. Appl Environ Microbiol 79:6593-6603
P META 23
MGX - A flexible metagenome analysis framework
S. Jaenicke1, S. Albaum1, B. Linke2, J. Stoye3, A. Goesmann2
1
Center for Biotechnology, Bielefeld University, Bioinformatics Resource Facility (Bielefeld, DE)
2
Justus-Liebig-University, Bioinformatics and Systems Biology (Giessen, DE)
3
Bielefeld University, Genome Informatics (Bielefeld, DE)
The characterization of microbial communities based on sequencing and analysis of their genetic information has become
a popular approach also referred to as metagenomics; in particular, the recent advances in sequencing technologies have
enabled researchers to study even the most complex communities consisting of thousands of species. Metagenome
analysis, the assignment of sequences to taxonomic and functional entities, however, remains a tedious task: large
amounts of data need to be processed. There are a number of approaches that aim to solve this problem addressing
particular aspects, however, scientific questions are often too specific to be answered by a general-purpose method. For
this reason, we developed MGX as an extensible framework for the management and analysis of metagenomic datasets;
MGX provides a complete set of workflows required for taxonomic and functional metagenome analysis. In contrast to
existing platforms, MGX is easily extendable and allows researchers not only to execute predefined but also custom
analysis pipelines within its framework. MGX enables fast adoption of novel algorithms e.g. for the taxonomic classification
of metagenomic sequences, thereby offering researchers to use the most current tools for the analysis of their datasets.
P META 24
A draft genome of candidate division OP3 obtained by physical enrichment of cells
J. Kizina1, S. Jordan1, M. Richter2, K. Stüber3, R. Reinhardt3, J. Harder1
1
Max Planck Institute for Marine Microbiology, Microbiology (Bremen, DE)
2
Max Planck Institute for Marine Microbiology, Microbial Ecology (Bremen, DE)
3
Max Planck-Genome-Centre Cologne (Köln, DE)
The bacterial candidate division OP3 was first discovered as sequence in 16S rRNA gene libraries generated from sediment of the Obsidian Pool, a hot spring located in Yellowstone National Park, USA [1]. Since then, OP3 was reported to
be present in various anoxic habitats like tidal flats and deep groundwater. OP3 affiliates to the Planctomycetes, Verrucomicrobia and Chlamydiae (PVC) superphylum. Currently, no cultivated representative is available for physiological studies.
16S rRNA genes of candidate division OP3 were recently detected in a limonene degrading methanogenic enrichment
culture. CARD FISH studies revealed small cells of OP3 which were alone or attached to larger cells [2]. Based on the
limited diversity in the enrichment culture, density gradient centrifugation was attempted and yielded a fraction with over
80% OP3-cells. The DNA present in this OP3 cells-enriched fraction was isolated and sequenced by next generation
techniques. The metagenome is currently assembled and will be analyzed. Recently, four single cell draft 469 kb (150,
60, 54 and 35 contigs) and may be suitable to provide initial insights into the physiology. We expect from the comparison
of the draft genomes a first glance at the specific physiology of OP3.
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1. Hugenholtz, P.; Pitulle, C.; Hershberger, K. L.; Pace, N. R. (1998) Novel division level bacterial diversity in a Yellowstone
hot spring. J. Bacteriol. 180: 366-376
2. Rotaru, A.-E.; Schauer, R.; Probian, C.; Mussmann, M.; Harder, J. (2012) Visualisation of candidate division OP3 cocci
in limonene-degrading methanogenic cultures. J. Microbiol. Biotechnol. 22: 457-461
P META 25
Biogas production from coal: metagenome analysis of a methanogenic microbial community
M. in ‘t Zandt1, M. Jetten1, C. Welte1
1
Radboud University, Microbiology (Nijmegen, NL)
Question: Methane production is an important process both in the global carbon cycle and the bioenergy industry. Biogas
production from field crops has received much criticism in recent years, but the biomethanation of fossil energy sources
in e.g. abandoned coal mines has received less attention. In this study we focus on an Australian gas free coal seam in
which methane production showed a 10-fold increase after addition of neutral red, thus making the methane production
economically exploitable.
Methods: DNA was extracted and sequenced by Ion Torrent technology.
Results: Metagenomic analysis showed that on 16S rRNA gene level species composition was of relatively low complexity,
with Geobacter, Azoarcus and Thauera as dominant species. These observations were complemented by the functional
analysis of genes whose gene products may be involved in metal reduction and aromatic compounds degradation. As we
used protein databases with characterized enzymes, this type of analysis supported the identification of the responsible
micro-organisms up to species level and more importantly underlined their potential in the degradation of complex organic
compounds in this system. Only few 16S rRNA reads related to archaea were found indicating that methanogenic archaea
were likely present in low numbers. In-depth analysis of reads encoding the central methanogenic enzyme methyl-coenzyme
M reductase (McrA) suggested presence of both a known Methanosaeta species and a second methanogen, most related
to uncultured methanogens previously described in lake sediments. We were able to extract the core genome of both
these archaea and details will be discussed.
Conclusions: The potential tight collaboration between coal degraders, aromatic compounds degraders and methanogens
is intriguing and may provide us with valuable insights in the functioning of these systems.
P META 26
Extreme environment ecology and food safety of cheese brine microbial communities
N. A. Andreani1, L. Carraro1, B. Cardazzo1, M. Maifreni2, N. Innocente2, M. Marino2
1
Università degli Studi di Padova, Comparative Biomedicine and Food Science (Legnaro, IT)
2
università degli studi di Udine, Department of Food Science (Udine, IT)
Question: A critical step in the production of most cheeses is the immersion in brine. The retention times of cheese in
brines, as well as salt concentration (10-18%), depends mainly on the type of cheese. During the phase of immersion of
the cheese in brine an exchange of matter occurs, as flow of whey from cheese, passage of ions from the brine, movement
of microorganisms, which is an integral part of the cheese making process. In particular, the transfer of the microflora
(bacteria and yeasts) is of particular interest both for productive technologies and safety of cheese. The brine, due to the
salt concentration, is an extreme environment in which only halotolerant microorganisms are able to survive and grow. In
the present study, we analyzed the microbial communities of 19 different brines from different dairy factories and different
types of cheese (soft-, semi hard- and hard-cheese).
Methods: Microbial communities profiles of the brine samples were assessed by 16S rRNA gene sequencing using the
Illumina technology. The retrotranscribed RNA was used as template for library construction as better representative of
the living microflora. The α-diversity analysis was performed to investigate the diversity within the communities. To characterize the β-diversity among brine samples, bacterial communities were compared by quantifying similarities based on
phylogenetic distances using UniFrac software.
Results: Bacteria belonging to five different phyla, Proteobacteria, Firmicutes, Actinobacteria, Euryarcheota and Bacteroides, were identify demonstrating a remarkable biodiversity with a total of 180 different genera.
Conclusion: The results demonstrate that the composition of the community is more linked to the dairy factory than type
of cheese or other parameters.
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P META 27
Antenna pigment binding in microbial rhodopsins: characterization, requirements and distribution
F. Lenk1, J. Vollmers2, S. Voget1, R. Daniel1
1
Institut für Mikrobiologie Göttingen, Göttingen Genomics Laboratory (Göttingen, DE)
2
Leibnitz Institut, DSMZ (Braunschweig, DE)
The discovery of rhodopsins in bacteria fifteen years ago has revolutionized our understanding of light energy conversion
and carbon cycling in the oceans. These proteins carry out a simpler mechanism of light energy utilization than photochemical reaction centers as they consist only of the opsin apoenzyme and retinal as chromophore. In addition, bacterial
rhodopsins are a diverse group of proteins whose functions range from ion transporters to phototactic sensors. Despite
the large number of known rhodopsin sequences, parts of their phylogeny and physiological roles are still uncharacterized.
This study aimed at characterization of one group of microbial rhodopsins, designated xanthorhodopsins, which were
proposed in earlier studies to be involved in the adaptation to cold and saline habitats. Particular interest was given to
their ability to bind antenna pigments. This property has been described for some members, but it remains unclear which
structural features this binding requires. In addition, we investigated the distribution of the antenna pigment binding capability among different rhodopsin groups. Xanthorhodopsins from various organisms, such as the thermophilic Meiothermus
rufus and the psychrophilic Octadecabacter arcticus and O. antarcticus, were heterologously expressed and purified.
Subsequently, binding of antenna pigments was analyzed in vitro by testing various carotenoids from xanthorhodopsinbearing organisms. Specific amino acid positions were mutated to analyze their participation and function in this process.
Pigment binding and energy transfer to the rhodopsin was monitored spectrometrically. We could show that mutation
of a few selected amino acid residues in xanthorhodopsins is sufficient to prevent antenna pigment binding. Investigation of the conservation of these amino acid residues throughout different groups of microbial rhodopsins indicated that
antenna pigment binding is not limited to xanthorhodopsins, but rather coupled with the ability of the rhodopsin-bearing
organism to produce carotenoids. Furthermore, phylogenetic analysis showed the formation of distinct subclusters within
the xanthorhodopsin group, which correspond to 16S rRNA phylogeny. This indicated that xanthorhodopsins are not a
monophyletic group, as described in earlier studies.
P META 28
Metagenome of silage
J. Bælum1, M. Bennedsen1, M. Abel-Kistrup1,2, E. Brockmann1, B. Petersen3, N. Milora1, B. Stuer-Lauridsen1, T. Gilbert2
T. Sicheritz-Ponten3, I. K. Hindrichsen1
1
Chr Hansen A/S, Identification (Hørsholm, DK)
2
Copenhagen University, Center for GeoGenetics (Copenhagen, DK)
3
Center for Biological Sequence Analysis, DTU (Lyngby, DK)
Silage has in the past been studied intensively focusing on chemical analyses, dry matter loss and aerobic stability, while
whole microbial population has only been analyzed to a minor extent. Today we have an insight into the main fermentation
process, which have supplied tools for significant improvements, but to fully understand the process we need to obtain a
more complete picture of the microbiological flora during the ensiling process. We applied the metagenomics approach
to link microbial flora composition to measures of quality with emphasis on the role of the addition of specific microbes.
Non-fermented corn samples showed the most diverse bacterial flora with Cyanobacteria and Proteobacteria well represented, followed by members of the Bacteroidetes/Chlorobi group and minor amounts of the gram positive phyla
Actinobacteria and Firmicutes. After 91 days of anaerobic fermentation, the bacterial and archaeal flora was dominated
by Lactobacillaceae, which increased to 45%, while Archaea accounted for 15% of the reads, which to our knowledge
has not been reported previously for corn silage. One percent of the reads map to the Acetobacteraceae. The silage
had an aerobic stability of 75 hours on average. The DNA samples after 7 days of aerobic challenge were dominated by
the family Acetobacteraceae, especially in sample A and C. Also sample D had a high prevalence of Acetobacteraceae,
but it was not as pronounced as the first two. In this sample, 15% Lactobacillaceae were found and to a smaller extent
Bacillaceae, Flavobacteriaceae, Gammaproteobacteria and Archaea. Acetobacter pasteurianus (Acetobacteraceae) has
previously been detected in corn silage inoculated with L. buchneri, L. plantarum, and E. faecium using DGGE method.
Our results show a prevalence of Lactobacillaceae at the end of the anaerobic fermentation process. The following aerobic
challenge led to a dominance of Acetobacteraceae. The method for extraction of DNA needs to be optimized in order to
achieve a more consistent yield and purity from a large variety of silage samples.
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From order to chaos - bacterial community dynamics under different environmental regimes in a simulated
marine ecosystem
D. Berkelmann1, S. Hanekamp1, B. Wemheuer1, R. Daniel1
1
Institute of Microbiology and Genetics, Genomic and Applied Microbiology (Göttingen, DE)
Microorganisms are key players in ecosystem stability and engineering in both marine and terrestrial realms. For example,
these microorganisms drive decomposition and mineralization processes which differ between both habitats types. Furthermore, they are utterly important in providing food-web resources. Therefore, understanding microbial dynamics and
functions across marine and terrestrial ecosystems is a major issue of current research.
The aim of this project is to understand the complex dynamics of microbial communities in the transition zone between
terrestrial and marine habitats. For this purpose, mesocosm-experiments will be performed using different marine isolates
originating from the German Wadden Sea. A homogenous mixture of these isolates will be used as initial starting culture
in order to investigate transition processes shaping the community composition. Consequently, different environmental
parameters such as light intensity, temperature, and nitrogen/phosphorous availability will be administrated and manipulated in the experiment. Total and active bacterial community structures will be subsequently assessed by MiSeq-based
analysis of 16S rRNA genes and transcripts respectively. In addition, active members of the community will be deciphered
by CARD-FISH analysis. This data will then be used to examine relations between the different isolates and to investigate
the characteristics of their relationship.
Additionally, obtained community data will also be used to deduce general patterns of community development and to
identify key players in the development processes. These patterns will be compared with in situ data, obtained from the
German Wadden Sea. The overall goal is to gain deeper insights into microbial community dynamics and to identify driving
forces of these processes. In addition, obtained data might enable us to deduce an ecological model which can be applied
to other transition zones in order to decipher general drivers in community development. This might ultimately lead to a
better understanding of how microbial communities, their regarding habitats and food-webs are formed.
P META 30
Ocean’s twelve: Flagellar and biofilm chromids in the multipartite genome of Marinovum algicola DG898
O. Frank1, M. Göker1, S. Pradella1, J. Petersen1
1
Leibniz Institute DSMZ - German Collection of Microorganisms and Cell Cultures (Braunschweig, DE)
Introduction: The marine bacterium Marinovum algicola DG898 - isolated from the dinoflagellate Gymnodinium catenatum - is a representative of the Roseobacter group (Rhodobacteraceae, Alphaproteobacteria) and harbors a for Proteobacteria unprecedented wealth of eleven extrachromosomal replicons (ECRs). The relevance of ECRs has previously
been exemplified by photosynthesis and biofilm plasmids, but the evolutionary forces for the emergence of multipartite
genomes are largely unknown.
Objectives: We analyzed the genome of M. algicola DG898 due to its wealth of twelve replicons. This strain is an ideal
reference system to exemplify the diversity of alphaproteobacterial replication systems and to reveal the relevance and
ecological role of individual ECRs.
Methods: Genome sequencing was carried out on a 454 FLX Titanium Sequencer; gaps were closed by primer walking.
Automatic annotations with the RAST- and the IMG/ER system were manually curated. M. algicola DG898 was cured
from biofilm and flagellar chromids for functional analysis; curing mutants and wild type were compared in attachment
and motility assays.
Results: The genome revealed the exceptional metabolic potential of M. algicola DG898 and its adaptation to the phycosphere. Comparative codon usage analyses allowed the identification of eight chromids and three plasmids. A 52-kb
biofilm chromid is essential for surface attachment, but the most conspicuous finding is the presence of a highly expressed
chromid-encoded flagellum gene cluster (FGC, fla2) that is indispensable for swimming motility. M. algicola DG898 also
harbors an additional chromosome-encoded flagellum (fla1) with unknown function. Comprehensive phylogenetic analyses
indicated the transmission of complete FGCs via conjugation. Finally, the current survey indicates a functional correlation
of the intracellular fla2-chromid localization and the subcellular positioning of the flagellum.
Conclusion: The genome study of M. algicola DG898 exemplified the evolutionary impact of horizontal gene transfer
(HGT) and the structural complexity of bacteria. The stable maintenance of twelve replicons reflects a regulatory fine-tuning
whose complexity is reminiscent of the mitosis in eukaryotes.
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Biodiversity ecology function across marine and terrestrial ecosystems (BEFmate) - linking microbial diversity
and dispersal with function
S. Hanekamp1, B. Wemheuer1, R. Daniel1
1
Institute of Microbiology and Genetics, Genomic and Applied Microbiology (Göttingen, DE)
Microorganisms are key players in almost all ecosystem processes in both marine and terrestrial realms. For example, they
drive decomposition and mineralization processes, which differ markedly between marine and terrestrial habitats. However,
little is known on how ecosystem processes are linked to changes in the composition of microbial communities. In the joint
project Biodiversity Ecology Function across marine and terrestrial ecosystems (BEFmate) between the Carl-von-OssietzkyUniversity Oldenburg and the Georg-August-University Göttingen, we try to connect microbial diversity and dispersal with
function. The aim of my study is to assess archaeal and bacterial community compositions on artificial islands which were
build up in the Wadden Sea close to the German island Spiekeroog.
For this purpose, sediment samples are taken on these artificial islands and fixed with RNAprotect. Samples taken at the
pioneer zone and salt marsh of the German island Spiekeroog serve as reference samples. To follow the development of the
prokaryotic community inhabiting these islands, samples are collected several times per year.
Total and active bacterial community will be investigated by MiSeq-based analysis of 16S rRNA amplicons generated from
environmental DNA and RNA, respectively. The genomic potential of the microbial communities will be exploited by metagenomic shotgun sequencing. In addition, mRNA enriched from total community RNA will be sequenced by RNA-Seq to gain
insights into gene expression patterns.
The obtained data will enable us to understand the dispersal and diversity of marine microbes and to unravel species-specific
functions. In addition, studying the different microbial species who settled down on this highly dynamic habitat will provide
novel insights into the link between mircobial structure and function.
P META 32
Pangenomic analysis of Thermosipho reveals limited gene flow between species but high within-species similarity
T. Haverkamp1, O. Zhaxybayeva2, C. Geslin3, J. Lossouarn3, I. Kublanov4, C. Nesbø5
1
University of Oslo, Department of Biosciences (Oslo, NO)
2
Dartmouth College, Department of Computer Science (Hanover, NH, US)
3
Laboratoire de Microbiologie des Environnements Extremes (Plouzane, FR)
4
Winogradsky Institute of Microbiology (Moscow, RU)
5
University of Alberta, Department of Biological Sciences (Edmonton, CA)
Members of the bacterial genus Thermosipho are commonly found at high temperature environments such as hydrothermal
vents, deep-sea chimneys and subsurface oil reservoirs. They are classified as belonging to the phylum Thermotogae, which
is known for extensive horizontal gene transfer with members of the bacterial phylum Firmicutes and Archaeal domain. Here
we present a comparative genome analysis of the Thermosipho genus: T. melanesiensis (N=7), T. africanus (N=3), T. affectus
(N=5), obtained from hydrothermal vents in the Pacific Ocean (T. melanesiensis), Atlantic Ocean (T. affectus) and Indian Ocean
(T. africanus Ob7). T. africanus TCF52B and H17ap60334 were isolated from oil reservoirs.
Pan-genome analysis using nucleotide genome sequences showed that the 15 isolates clustered into three distinct groups
with low amounts of shared genome content. This is in contrast to the Thermotoga lineage where reticulate evolution has been
observed even among distantly related lineages. Each Thermosipho group showed high within-group similarity, with groupspecific genes and genomic regions. The T. melanesiensis strains showed especially high genome similarity and synteny, with
only one strain showing 15 strain specific ORFs. Therefore these groups may represent distinct species.
Mobile elements marked strain-specific differences among the members of three groups. This was reflected in the number
of CRISPR spacer sequences per genome, which was strain-specific (ranging between 54 and 321 spacers per genome).
The genomes with the largest amount of spacers had the highest average spacer counts per array, suggesting more active
interactions with mobile elements.
Genes required for defenses against invading mobile elements, such as the restriction modification or CRISPR systems also
showed group-specific patterns. Genes required for restriction modification were absent in genomes of T. affectus isolates
but present in the other two Thermosipho species. The T. affectus genomes had 15 CRISPR-associated genes, less than the
other two species, except for T. africanus strain H17ap60344 which had only 6 six such genes.
Taken together, our results suggest that the genus Thermosipho consists of clearly identifiable units (species) with distinct
metabolic properties and limited inter-species gene flow.
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Molecular analyses of sulfate and iron reducing bacterial communities in contaminated riverbank sediments
K. Frederick1, G. Johnston1, M. Dercoli1, C. Johnston1
1
Youngstown State University (Youngstown, US)
Introduction: Pollutants and metals in sediments constitute an environmental risk to aquatic ecosystems. Sulfate reducing bacteria (SRB) and dissimilatory iron-reducing bacteria are involved in organic matter mineralization under anoxic
conditions, which make them suitable for bioremediation. Nevertheless, the presence of such important bacterial groups
has been scarcely reported for highly PAH-metal contaminated river sediments.
Objectives: Analyses of the SRB communities and effect of the environmental conditions on the microbial communities
along riverbank sediments impacted over a century.
Materials and Methods- Real-time PCR was used to quantify dsrA, dsrB, aps and Geobacteraceae genes. Sequencing
was used for a dsrAB functional gene clone library. Terminal restriction fragment length polymorphisms of 16S rRNA
genes were used for community structure. Microbial DNA was prepared for next generation sequencing. Geochemical
parameters were measured using standard methods IC, ICP and GC-MS.
Results: High concentrations of metals (e.g. Fe = 330,000 μg/g), PAHs (400,000 μg/kg), sulfate (300 μg/g), and organic
matter (~11%) characterized the contaminated sites. Sequences were mostly affiliated to uncultured SRB. Most probable
number of SRBs and SRB diversity were higher in highly contaminated sites vs. less contaminated site. The abundance
of dsrA,s dsrB and aps genes were lower in highly contaminated sites vs. less contaminated site; while Geobacteraceae
gene abundance was higher in highly contaminated sites vs. less contaminated site.
Conclusion: Statistical analyses showed an environmental gradient that underlie microbial composition as a response
to the degree of pollution. SRB diversity and abundance appeared to be inhibited in the contaminated sites compared to
the less contaminated site. In contrast, Geobacteraceae genes were elevated in sites with high metal pollution. Higher
contamination appears to influence the anaerobic microbial communities, which in turn are important for altering organic
matter through sulfur or iron respiration. This information grants useful knowledge for potential anaerobic degradation of
complex organics in polluted systems.
P META 34
Metagenomic study of mouse gut microbial communities affecting infectious diseases
T. R. Lesker1, T. Strowig1
1
Helmholtz Centre for Infection Research, Microbial Immune Regulation (Braunschweig, DE)
The intestinal microbiota comprises a large diversity of prokaryotic species that encode an even larger number of gene
functionalities. This ecosystem and its functionality have evolved in conjunction with it host and is highly adaptive to diet
intervention, host immune response and environmental changes. Interindividual difference in microbiota composition as
well as consequently altered functionalities are the focus of numerous of research groups in many fields, e.g. inflammatory
bowel diseases. Gene catalogs have been made available for the human microbiome, but similar catalogs are missing for
frequently employed in vivo models such as the mouse. The lack of high-quality reference sequences specifically hamper
high-throughput characterizations of changes in the metagenome as well as the metatranscriptome.
Therefore we sequenced the mouse intestinal microbiota from numerous different sources (vendor and in-house) using
16S rRNA amplicon and whole genome shotgun sequencing approaches. To identify the best protocols, the obtained
sequences were processed using various assembly pipelines. After optimization, the resulting contigs were binned by
coverage, composition and taxonomic assignment to potential draft genomes. In this process we have to overcome
difficulties such as critical coverage of low abundant bacterial and allocation of contigs to very similar species. After the
annotation potential target species were characterized by isolation and culturing approaches as well as used in mouse
inflammatory models to evaluate caused phenotypes. Generated draft genomes were compared to already descripted
genomes and assemblies from isolated bacteria.
In summary the generation of gene catalogs for our studied mouse microbiotas showed a high diversity for the same
mouse genotype coming from different sources and enhance greatly efficiency of ongoing metatranscriptome studies.
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The effect of probiotics on healthy human GI microbial community and stress response
D. Lisko1, J. M. Waldern1, R. Centifonti1, A. Stevens1, G. P. Johnston1, C. G. Johnston1
1
Youngstown State University, Biology (Youngstown, US)
Introduction: The gastrointestinal (GI) tract is a complex ecosystem which assists in host physiological function. Research
showed that consuming probiotic bacteria may benefit host health. Recently animal models have demonstrated that GI
microbiota might have an influence on stress responses. Yet, these findings have not been evaluated in human subjects.
Objectives: i) Measure the effect of probiotic pill consumption on the GI microbial communities, ii) Determine if consumption of probiotics affect stress response on healthy human test subjects.
Methods: Human test subjects (n=7) consumed one probiotic daily while control subjects (n=7) consumed no probiotic
pills during the 30-day study. Fecal samples were collected from all subjects on day 0, 15, and 30. After the 30-day
probiotic regimen, all subjects refrained from consuming probiotic pills and provided a final fecal sample on day 60. DNA
was extracted from fecal samples for Lactobacillus quantification by qPCR and for next generation sequencing. Salivary
cortisol (via ELISA analyses) was collected from test and control subjects before and after stress test at each sampling date.
Results: Lactobacillus relative gene quantities (RGQ) increased at day 15 (RGQ=0.03) compared to day 0 (RGQ=0.00)
reaching a maximum value on day 30 (RGQ=0.39). Average salivary stress response decreased overtime. Test subjects
had a drastic increase of Lactobacillus after 30 days in comparison to control subjects. Discontinued use of probiotics
resulted in a decrease in Lactobacillus (RGQ=0.06) and an increase in stress response on day 60. Detection of eubacteria,
archaea, lpxC, Lactobacillus, and Bifidobacteria was confirmed by PCR.
Conclusion: Probiotic regimen appeared to have an effect on the microbial community specifically in abundance of
Lactobacillus. In addition, these data suggested that probiotic intake resulted in decreased stress response variability,
indicating that perhaps continuous probiotic consumption might influence levels of cortisol production under stress conditions. Sequencing data and further analyses of perceived stress responses can provide insights of the GI-brain axis.
P META 36
A bioinformatics pipeline for the detection of β-lactamase genes in metagenome sequence data and its
application to production-scale biogas plants
B. Osterholz1, W. Paetzold1, A. Fust1, P. Belmann2, M. Rumming2, A. Schlueter3, A. Sczyrba2
1
Bielefeld University, Center for Biotechnology (CeBiTec), Genome Research of Industrial Microorganisms
(Bielefeld, DE)
2
Bielefeld University, Center for Biotechnology (CeBiTec), Computational Metagenomics (Bielefeld, DE)
3
Bielefeld University, Center for Biotechnology (CeBiTec) (Bielefeld, DE)
Production-scale biogas plants commonly receive energy crops, manure and fecal matter from farm animals as substrates. Since
considerable amounts of antibiotics are administered in animal husbandry, selected antibiotic resistant microorganisms from the
animal’s gut microbiome end up in biogas reactors where they may proliferate or exchange resistance determinants. On a regular basis,
digestates from biogas plants are spread as fertilizer on agricultural areas involving the risk of resistance genes being disseminated in the
environment. To analyze agricultural biogas plants as reservoirs for β-lactamase genes, corresponding deeply sequenced and
assembled metagenome data (403 Gb) were screened for the occurrence of β-lactamase genes. A new bioinformatics pipeline
applying profile Hidden-Markov-Models (pHMMs) deduced from sequences of the ARG-ANNOT database (Antibiotic Resistance
Gene-ANNOTation) for each of the 31 different β-lactamase groups, representing the four β-lactamase Ambler classes A, B, C and
D was developed. Identified hits were compared to the NCBI protein database by BLAST, to interpret obtained results. If accessible,
PubMed publications comprising predefined key words linked to the BLAST hits are also presented. The pipeline can be applied
to any type of metagenomic dataset With an e-value cutoff of 1e-15 referring to the pHMMs, 207 putative β-lactamase genes
were identified. These are unequally distributed across the four β-lactamase classes.
About 8% matched class A, 37% class B, 51% class C and only 4% class D. Among these hits, some correspond to
known β-lactamases. However, the majority represent putative variations of so far undiscovered β-lactamases. As a
proof of concept, one candidate gene for each class will be synthesized to verify its antibiotic resistance properties.
Hence, obtained results provided evidence that biogas plants have to be considered as reservoirs for various β-lactamase
genes and since digestates are used as fertilizer in agriculture, resistance determinants may be disseminated in the
environment.
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P GLOB 01
The response of Bacillus pumilus to hydrogen peroxide provoked oxidative stress
S. Handtke1, R. Schroeter2, D. Zühlke1, A. Otto1, B. Jürgen2, D. Albrecht1, D. Becher1, T. Schweder2, K. Riedel1
M. Hecker1, B. Voigt1
1
Ernst-Moritz-Arndt-Universität, Institut für Mikrobiologie (Greifswald, DE)
2
Ernst-Moritz-Arndt-Universität, Institut für Pharmazie (Greifswald, DE)
Because of its potential to secrete large amounts of protein into the medium, Bacillus pumilus is a candidate new production strain for industrial bioprocesses. Stress and starvation conditions may not only occur in the natural environment but
also during industrial fermentation processes. Therefore production strains need to be able to adapt to such unfavourable
conditions. Cells growing aerobically often experience oxidative stress during growth especially at high cell densities. This
can not only influence growth of the production host but also product formation and quality. B. pumilus cells have been
shown to survive exposure to significantly higher concentrations of hydrogen peroxide when compared to B. subtilis. We
analyzed the the response of B. pumilus to hydrogen peroxide provoked oxidative stress using gene expression microarrays and 2D gel-based proteomics. Expression of general and specific stress proteins is the main response to stress.
Instead of catalase KatA which is not encoded in the genome sequence of B. pumilus, a gene annotated as catalase
KatX2 was significantly induced in B. pumilus cells at the transcriptional and translational level under these conditions.
We furthermore studied the catalase activity in cell extracts of B. pumilus compared to other bacilli. Contrary to KatA, the
KatX2 protein contains cysteine residues which are oxidized during the stress. The results of our study could contribute
to the construction and optimization of production strains which are more resistant to process-related oxidative stress.
P GLOB 02
Overlap between plant colonization behavior and stress response in plant growth promoting bacterium
Bacillus atrophaeus UCMB-5137
L. Mwita1, W. Y. Chan2, O. Reva1
1
University of Pretoria, Biochemistry (Pretoria, ZA)
2
University of Pretoria, Microbiology and Plant Pathology (Pretoria, ZA)
Plant Growth Promoting Rhizobacteria (PGPR) are potential alternative of chemical fertilizers and pesticides. Bacillus
atrophaeus UCMB-5137 was used in this study as a PGPR strain showing an alternative strategy of plant colonization
compared to B. amyloliquefaciens FZB42 - a paradigm of PGPR Bacillus (1). To investigate to which extend the gene
expression regulation of UCMB-5137 by root exudate overlaps with known stress responses in Bacillus (2), also to pinpoint
the putative transcription factors of UCMB-5137, a previously described method of simulation of plant colonization by maize
root exudate was used (1). Total RNA sequencing showed that the behavioral difference was underlined by alternative gene
expression patterns. Large number of stress related genes were regulated by the root exudate in UCMB-5137. Attached
Table-1 shows the co-regulated and oppositely regulated genes between UCMB-5137 and stress response patterns in
B. subtilis (2). Significant correlation with the stationary growth condition and high temperature stress conditions was
observed. This differential expression was associated with SigB up-regulation and SigD down-regulation. Root exudate
caused down-regulation of several other genes, which are controlled by CcpA-repressor. However, in many cases the
transcription factors (TF) associated with root exudates regulated genes remained unknown. The upstream regions of
the affected genes were checked for the presence of putative TF recognition sites. Summary of involved TFs is shown in
Fig. 1. The CcpA-repressor, AbrB, GlnR, LevR and ResD binding sites were frequent upstream of down-regulated genes,
meanwhile SigB, SigD, SigF, SigH and SigW binding site sequences were frequent in promoter regions of up-regulated
genes. In conclusion, the identified TFs might play a significant role in the regulation of the plant colonization in addition
to those regulating stress responses in UCMB-5137.
1. Fan et al. 2012. Transcriptomic profiling of Bacillus amyloliquefaciens FZB42 in response to maize root exudates.
BMC Microbiol, 12:116.
2. Sappa P.K. 2013. Multi-omics based characterization of various stress responses in Bacillus subtilis. Inauguraldissertation, Ernst-Moritz-Arndt-Universität Greifswald.
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figure 2
P GlOb 03
Using Neurospora crassa to unravel pectin perception and degradation mechanisms
n. thieme1, V. Wu2, n. L. Glass2, J. P. Benz1
1
technische Universität münchen, Holzforschung münchen - “Wood Bioprocesses” (Freising, De)
2
University of California, energy Biosciences institute (Berkeley, US)
Second generation biofuel production relies on the complete utilization of lignocellulosic plant biomass in a viable and sustainable fashion. While cellulose and hemicellulose rich materials are commonly utilized as feedstock for biofuel conversion,
pectin-rich biomass is mostly disposed of in landfills or dried for use as low-value cattle feed, despite the fact that pectin
is an abundant part of primary cell walls and soft plant tissues. thus, the development of proper degradation schemes for
pectin is of paramount importance to achieve the best and most profitable conversion of these feedstocks for biorefinery.
Fungi, as a major source of plant biomass degrading enzymes, hold the key for a better utilization of pectin-rich feedstocks.
By elucidating the signaling pathways related to carbon perception and metabolism, a better understanding of how fungi
interact with their surroundings can be accomplished. the filamentous ascomycete Neurospora crassa (N. crassa) is a
well suited model organism to achieve this goal, and is capable of utilizing lignocellulosic biomass as sole carbon source.
the elicited transcriptional response to pectin and changes in protein levels or their post-translational modifications was
observed by a combination of next generation transcriptome sequencing, a screen of the gene deletion strain set of N.
crassa, as well as proteome analysis. together, these data provide a detailed picture of the complex mechanisms and
regulations involved in pectin degradation. the gained knowledge of the underlying signaling networks will greatly accelerate
the development of more efficient processes for the utilization of all cell wall polysaccharides during biofuel production.
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P GLOB 04
Differential gene expression of Enterococcus faecalis and Staphylococcus aureus subjected to metal stress
E. Grohmann1, E. Clauss-Lendzian1, W. Schmieder2
1
University Medical Centre Freiburg, Infectious Diseases (Freiburg, DE)
2
University Freiburg, Microbiology (Freiburg, DE)
E. faecalis and S. aureus are nosocomial pathogens and strong biofilm formers on medical devices, making them more
resistant to antibiotic treatment, and physical and chemical stresses. Together with the problem of emerging antibiotic
resistance among pathogens this gives rise to a need for novel antimicrobial materials. Here we present the gene expression of E. faecalis 12030 and S. aureus ATCC 29213 exposed to AgXX®, a novel antimicrobial surface coating based
on micro galvanic elements of silver and ruthenium. For E. faecalis next generation RNA sequencing, for S. aureus RT
quantitative real time PCR (qPCR) was performed to study a putative mode of action of the antimicrobial surface coating.
E. faecalis was subjected to metal stress by exposure to stainless steel meshes covered with Ag or AgXX®. As control,
cells were grown without metal mesh. Different exposition times allowed covering a possible quick and transient metal
stress response and a possible adaption reaction. Total RNA was isolated and enriched, the remaining (m)RNA was
fragmented and used as template for whole transcriptome cDNA libraries. RNA sequencing was carried out in an Ion
ProtonTM Sequencer. A correlation between exposition time and gene expression intensity was observed. Gene products
of top up-regulated genes are involved in heat shock, oxidative, metal and general stress response. S. aureus was also
subjected to metal stress by exposure to the same materials. As control, cells were grown without metal mesh. During
mid exponential growth phase upon contact with AgXX®, samples were taken, RNA was isolated, converted into cDNA
and used for qPCR. In comparison to the control, AgXX® treated samples showed 100 × upregulation of copA and copZ
encoded by the copper transport operon and 13 × upregulation of katA encoding catalase.
A putative mechanism of action of the novel antimicrobial substance will be presented.
P GLOB 05
Characterization and effect of the janthinobacterial quorum sensing system
F. Haack1, K. Petersen1, A. Poehlein2, R. Daniel2, W. Streit1
1
Universität Hamburg, Mirkobiologie und Biotechnologie (Hamburg, DE)
2
Laboratorium für Genomanalyse, Mikrobiologie und Genetik (Göttingen, DE)
The Oxalobacteriaceae Janthinobacterium sp. HH01 [1] communicates and interacts with its environment via the janthinobacterial quorum sensing system (JQS) [1]. This system is homolog to the Vibrio cholerae and Legionella pneumophila
CQS/LQS systems and consists of an autoinducer synthase (JqsA), a sensor kinase/phosphatase (JqsS) and a response
regulator (JqsR) [1,2]. Previous studies showed the importance of the JAI-1 autoinducer for the violacein synthesis [1] and
our aim is to understand the JQS autoinducer system and the effects of JAI-1 on gene regulation. Therefore we isolated,
sequenced and characterized nine purple-pigmented bacteria. We paid particular attention to QS regulated processes,
including the violacein synthesis, enzymatic activities and biofilm synthesis. Additionally, we investigated the influence
of JAI-1 by RNA-seq technology. Our results allowed grouping the nine strains to the family Oxalobacteriaceae, which
includes the genera Janthinobacterium and Duganella. The genome analyses revealed an average of 6.7 Mbp, 6,000
ORFs and 63.4% GC content. Interestingly no autoinducer I- and II synthase genes could be identified (i.e. luxI- and
luxS homologs) in any of the sequenced isolates, instead the JQS system is present in all strains. In silico analyses and
complementation studies using HH01 indicate JAI-1 to be 2-aminopentadec-2-en-4-one and RNA-seq technology of
HH01 and the JqsA deficient mutant [1] showed 34 repressed and 57 JAI-1 up-regulated genes. A further phylogenetic
characterization indicated a divergence of the isolated Oxalobacteriaceae into two distinct groups with respect to QSrelated processes and other traits.
[1] Hornung C, Poehlein A, Haack FS, Schmidt M, Dierking K, et al. (2013) The Janthinobacterium sp. HH01 Genome
Encodes a Homologue of the V. cholera CqsA and L. pneumophila LqsA Autoinducer Synthases. PLoS ONE 8(2): e55045.
doi:10.1371/journal.pone.0055045
[2] Tiaden A, Spirig T, Hilbi H (2010) Bacterial gene regulation by alphahydroxyketone signaling. Trends Microbiol 18: 288-297.

116

ProkaGENOMICS 2015 • Göttingen • Germany

Poster Presentations
P GLOB 06
Quantitative proteomic analysis of M. tuberculosis cluster Beijing B0/W148 strains
J. Bespyatykh1, E. Shitikov1, I. Altukhov1, I. Butenko1, D. Alexeev1, N. Melnikova2, V. Zhuravlev2, E. Ilina1
1
Research Institute of Physical-Chemical Medicine (Moscow, RU)
2
Research Institute of Phthisiopulmonology (St. Petersburg, RU)
Until recently, the Mycobacterium tuberculosis (MTB) studies were mainly focused on genomic organization of the pathogen. To date, the whole genome sequence data is available for more than 5000 MTB strains with different genotypes
and phenotypes. However, the expected results of functional data analysis have not been obtained yet. Therefore, we
need to learn more deeply how MTB expresses its genetic information at the protein level. The goal of this study was to
analyse the proteome pattern of MTB cluster Beijing B0/W148 strains in comparison with the laboratory strain H37Rv.
Seven MTB cluster Beijing B0/W148 strains and one reference H37Rv strain have been involved. All strains were cultivated
on a Middlebrook 7H11 media with OADC supplement at 35°C without shaking for 14-16 days to a cell density of ~10^8
cells ml^-1, three biological replicates were studied independently. Proteins were extracted from mycobacterial cells, the
concentration was measured by а Bradford Protein Assay Kit (BioRad, USA). The proteins were separated using onedimensional gel electrophoresis followed with trypsin digestion (Zhiguo, 2010). LC-MS/MS analysis was performed on a
TripleTOF 5600+ mass spectrometer with a NanoSpray III ion source (ABSciex, Canada) coupled to a NanoLC Ultra 2D+
nano-HPLC system (Eksigent, Singapore) in an IDA mode. The AB SCIEX Protein Pilot v 4.5 and Mascot v 2.2.07 were
applied for protein identification. Further quantification was carried out using the Progenesis v 4.1 software.
In total, we identified 1868 proteins for Beijing B0/W148 strains and the 1560 ones for H37Rv, the 1018 proteins were
found in both groups. The comparative quantitative analysis revealed statistically significant difference between cluster
Beijing B0/W148 strains and H37Rv in representation of 118 proteins.
P GLOB 07
A mutation in the stop codon of the transition state regulator AbrB bypasses the lack of competence in the
spo0A mutant of Bacillus subtilis 3NA
A. Josef1
1
Universität Stuttgart, Institut für Industrielle Genetik (Stuttgart, DE)
Bacillus subtilis cells differentiate at the end of the logarithmic growth phase into many sub-populations. A small subpopulation becomes competent which means that they are able to take up DNA. All the sub-populations rely on the master
regulator Spo0A which becomes activated via a phosphorelay system. The strain B. subtilis 3NA is non-sporulating due
to a frame-shift mutation in spo0A (1). Surprisingly, the strain is still able to become competent and to take up DNA comparable to the wild type. To identify the reason for this unusual behavior the complete genome of 3NA was determined
and the sequence aligned to the genome sequence of B. subtilis 168. Most variations were either silent mutations or
occurred in intergenic regions (2). The only exceptional mutation was a base exchange in the stop codon of abrB, the
gene encoding the important transition state regulator AbrB. The mutation increased the size of AbrB from 96 aa to 107 aa.
AbrB is a repressor of comK, the transcription factor of the competence genes and many other genes and operons which
are switched off during exponential growth. To prove that the mutation in abrB is the ultimate cause of transformability of
3NA, the mutation was introduced in another spo0A mutant. Indeed, the abrB mutation reestablished the competence in
this so far non-transformable strain.
It was expected that this mutation should also have an effect on the wild type (WT) and so the mutation was introduced
into B. subtilis 168 wild type and compared to an abrB deletion mutant as well. Surprisingly, the abrB mutation as well as
the abrB deletion reduced transformation frequency 3-4-fold in the WT. On the other hand, no effect of the abrB mutation
or abrB deletion was found on sporulation. The sdp operon (sporulation delay protein) and the subtilosin A antibiotic biosynthesis genes are other targets of AbrB. Promoter activities were measured with lacZ as reporter. For sdp, high activity
in the abrB and DabrB mutant was found indicating that this operon is no longer be repressed by the enlarged AbrB. In
contrast, the weak promotor for the subtilosin A antibiotic biosynthesis genes behaved in WT and abrB mutant similar.
Obviously, the mutant AbrB is still active for some promoters and inactive for others.
(1) Michel JF, Millet J (1970) J Appl Bacteriol 33:220-227.
(2) Reuß DR, Schuldes J, Daniel R, Altenbuchner J (2015) Genome Announcements 3:e00084-15.
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P GLOB 08
Systematically investigating sequence specificity of sigma70 promoters in E. coli
M. Nikolic1, M. Djordjevic1
1
Faculty of Biology, Institute of Physiology and Biochemistry (Belgrade, RS)
Introduction: Accurately detecting transcription start sites (TSS) in bacteria is a starting point for understanding transcription regulation, and presents a necessary ingredient for a number of bioinformatic applications, such as gene and operon
predictions. Consequently, improving TSS prediction is classical bioinformatics problem, where available methods show
poor accuracy.
Objectives: In this paper we aim addressing the following general questions, on the example of sigma70 in E. coli, which
are largely independent from the specific algorithm of TSS prediction: i) what is the importance of different sequence
elements in determining the promoter specificity, and how these elements contribute to the search accuracy, ii) to what
extent is important the accurate alignment of the promoter elements, and how different approaches to constructing the
weight matrices impact the search accuracy.
Methods: Weight matrices were generated i) from two different alignments: the standardly used one (DPInteract), and a
novel (more accurate) de-novo alignment of the promoter elements ii) from different promoter elements iii) by including
or excluding the spacer sequence and the spacer length weights.
Results: We obtain that -35 element, which is considered exchangable in the promoter structure, in fact contributes equaly
to the search accuracy as the ubiquitous -10 element (Figure 1). The sequences upstream of the canonical -10 element,
which are normally not taken into account in TSS searches, notably contribute to the search accuracy despite their relatively
low conservation. Surprisingly, the sequence of the spacer between -35 and -10 promoter elements, notably decrease the
search accuracy, despite a previous notion that it may contain useful information. Finally, while it is considered that the
spacer weight lengths should have a notable impact on the promoter search accuracy, they in fact have a more moderate
effect, which becomes less important in a more accurate promoter alignment.
Conclusion: All the promoter elements except spacer sequence cumulatively increase TSS prediction accuracy. As a
consequence, there is a significant difference (~50% reduction) (Figure 2) between the optimally constructed weight
matrices, and those that are standardly used.

Figure 1 				

Figure 2

P GLOB 09
Underrepresentation as a measure of functionality for transcription factor binding site searches
D. Markovic1, M. Djordjevic1
1
Faculty of Biology, University of Belgrade, The Institute for Physiology and Biochemistry (Belgrade, RS)
Introduction: Bioinformatical predictions of transcription factor binding sites (TFBS) typically lead to a large number of
false posetives, where possible reasons for the low accuracy remain unclear. At the same time, the extent of the overrepresentation is interpreted as a measure of the search accuracy - where a larger overrepresentation is associated with
a more accure search.
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Objectives: We aim investigating the paradigm that the weight matrix search accuracy is related with the extent of overrepresentation over the random ansamble, as the binding sites are a subject to both positive and negative selection in
the genome. The negative selection clearly leads to underrepresentation of TFBS binding scores, though such examples
were, to our knowledge, not noted before. If the underrepresentation indeed exists, we aim determining the relationship
between its extent and the weight matrix accuracy.
Materials and Methods: We analysed the pleiotropic transcription regulatory factors CAP, FNR and σ70 in E. coli using
two types of weight matrices, which were previously shown exhibiting different search accuracy. Prokaryotic genome
is suitable since, due to its organization, we can precisely define the regions in which we can (and can not) expect the
functional binding sites.
Results: As commonly expected, we find examples of a significant overrepresentation for pleitropic TFBS, most notably
for CRP. However, we report, to our knowledge, the first examples of a significant underrepresentation of TFBS (most
notably for σ70) in the genomic regions where functional binding is not expected (see Figure 1). Despite this negative
selection, we still find a significant number of sequences with high binding scores in these regions. Finally, we find that
more accurate weight matrices lead to a larger underrepresentation in the weight matrix searches.
Conclusions: While we find a significant negative selection on TFBS with high binding scores, their number is still significant in the regions where functional binding is unexpected. Furthermore, the extent of the underrepresentation - rather
than just overrepresentation as commonly assumed - relates to the accuracy of TFBS search in prokaryotic genomes.

Figure 1
P GLOB 10
ECF sigma factor: from a stringency paradigm to significant mix-and-matching
J. Guzina1, M. Djordjevic1
1
Faculty of Biology, University of Belgrade (Belgrade, RS)
Introduction: ECF subfamily is the largest and most diverse group of alternative sigma factors, which is, conversely, poorly
examined. The current paradigm, based to a great extent on similar data inducing one another, implies the stringency
of ECF sigma functioning, i.e. the recognition of promoters with rigid structure. This is contrary to the mix-and-match
model of promoter recognition, that has been established for Group I sigma factors, implicated in the transcription of
housekeeping genes.
Objectives: Our goal is testing the validity of the stringency paradigm, starting from the bacteriophage ECF members,
which provide outliers for ECF subfamily, and, therefore, could point to a qualitatively different paradigm of ECF functioning.
In addition, we systematically analyze well examined bacterial ECFs - SigmaW and SigmaE, for which a large number
of promoters are available.
Methods: Phage DNA sequences were identified by a procedure that we recently developed (Figure 1), which is based
on a pair-wise local alignment of the phage intergenic regions [1]. Bacterial protein and DNA sequences were analyzed
by multiple local and global sequence alignment, domain searches, and by the weight matrix searches.
Results: The results obtained for phage sigma factors point to a qualitatively different paradigm of ECF sigma functioning [2]; precisely, we noticed the absence of -35 element in one of the phage promoters - which is an extreme example
of the mix-and-matching of the promoter elements. Analogous results were obtained on bacterial ECFs, SigmaW and
SigmaE, whose promoter elements exhibit even stronger mix-and-matching (higher negative correlations), than observed
for Group I promoters (Figure 2).
Conclusions: Results we obtained imply that, contrary to the current paradigm, promoters of ECF sigma factors exhibit
strong mix-and-matching of their elements, and point to a more complex and diverse regulation of gene expression by the
ECF members, than previously recognized. We argue that the mix-and-matching could be a universal kinetic mechanism
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of promoter functioning, which applies to entire Sigma 70 protein family.
[1] J. Guzina and M. Djordjevic BMC Evol. Biol. 2015, 15:S1
[2] J. Guzina and M. Djordjevic, submitted
This work is supported by FP7 MCIRG 276996 and by Swiss National Science Foundation (IZ_73Z0_152297)

Figure 1

Figure 2
P GLOB 11
Adaptation of Dinoroseobacter shibae to oxidative stress
N. Beier1, M. Kucklick1, S. Engelmann1
1
Helmholtz Centre for Infection Research, Microbial Proteomics (Brunswick, DE)
Question: Dinoroseobacter shibae is a Gram-negative photoheterotophic bacterium. In contrast to the closely related
photothrophic purple bacteria, D. shibae performs aerobic anoxygenic photosynthesis. As a marine bacterium living in
the photic zone environment of marine ecosystems D. shibae is frequently exposed to oxygen and an effective oxidative
stress defence response is required.
Methods: To define the peroxide stress stimulon, exponentially growing D. shibae cells were supplemented with 10mM
H2O2 and intracellular and surface-associated proteins were identified by 1D-gel based LC-MS analyses.
Results: Altogether we identified 2316 D. shibae proteins under these conditions. Protein quantification using a label-free
approach revealed significant and at least 1.5 fold changes in the amount of 74 proteins in response to hydrogen peroxide.
Among them are 58 proteins showing increased amounts.
Conclusion: We found evidence that exposure of D. shibae to hydrogen peroxide mediated a significant increase of
proteins involved in protection and repair of DNA and proteins. Moreover, the amount of proteins associated with iron
limitation such as high affinity iron transport systems and of proteins belonging to the KDPG pathway was significantly
increased. Most strikingly, expression of the classical oxidative stress proteins involved in detoxification of oxygen radicals
such as catalases and super oxide dismutases and in repair of cellular structures such as alkylhydroperoxide reductase
was not significantly impaired by H2O2. Considering the increased tolerance of growing D. shibae cells to hydrogen peroxide compared to other bacteria it seems very likely that these enzymes are constitutively expressed in higher amounts.
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P GLOB 12
Dehalo-transcriptomics in Methylobacterium extorquens: Common and specific features of dichloromethane
and chloromethane utilization
F. Bringel1, P. Chaignaud1,2, Y. LOUHICHI1, B. MAUCOURT1, T. Nadalig1, S. Kolb2, S. Vuilleumier1
1
University of Strasbourg /CNRS, Molecular Genetics, Genomics, Microbiology (Strasbourg, FR)
2
Friedrich Schiller University Jena, Ecology (Jena, DE)
Dichloromethane (CH2Cl2, DCM) and chloromethane (CH3Cl) are toxic halogenated C1 compounds. DCM, a highly volatile
organic industrial solvent, is used mainly as degreasing agent and as a solvent for chemical synthesis, and still represents
the most highly produced halogenated compound today. Chloromethane is the most abundant chlorinated organic compound in the atmosphere. Produced mainly by plants through specific biological reactions, and by degradation of plant
organic matter in soils, it is considered to be responsible for over 17% of the halogen-catalyzed destruction of stratospheric
ozone1. A better understanding of expression of key genes involved in bacterial degradation of chlorinated methanes
and the regulation of their expression will provide molecular ecological tools to evaluate biodegradation in ecosystems
contaminated by such compounds.
Some specific methylotrophic bacteria are able to grow with DCM or with chloromethane as the unique source of carbon
and energy. The only known aerobic microbial pathways for utilisation of chlorinated methanes have best been characterized in strains of Methylobacterium extorquens possessing corresponding dehalogenases. DCM dehalogenase, an
enzyme of the glutathione-S-transferase family encoded by the gene dcmA, catalyses the dehalogenation of DCM into
formaldehyde. The methyltransferases CmuA and CmuB of chloromethane dehalogenase involve the cofactors vitamin
B12 and tetrahydrofolate respectively. In contrast to what is observed for DCM metabolism, carbon from chloromethane is
funneled into a specific metabolic pathway lacking formaldehyde as a toxic intermediate. A comparative RNA-seq study
was performed in M. extorquens strains growing on DCM, chloromethane or the non-chlorinated C1 reference substrate
methanol. Groups of genes were defined with respect to expression profiles specific to growth with DCM, chloromethane,
or both chlorinated methanes. The data obtained are discussed in the context of our model for bacterial adaptation to
the transformation of chlorinated methanes, which bases on previous investigations involving random mutagenesis,
comparative genomics and proteomics 2-6.
References: 1 Ravishankara et al, 2014 http://www.esrl.noaa.gov/csd/assessments/ozone/2014; 2 Vuilleumier et al, 2009
PLoS ONE 4:e5584; 3 Muller et al, 2011 Environ. Microbiol. 13:2518-2535; 4 Roselli et al, 2013 PLoS ONE 8 (4):e56598;
5
Nadalig et al, 2014. Front. Microbiol. 5: 523; 6 Michener et al, 2014, eLife 2014; 3:04279.
Functional Genomics of C. difficile Infections
P FGCD 01
Metabolic modeling gives new insights into the metabolic behavior of Clostridium difficile
H. Dannheim1, M. Neumann-Schaal1, D. Schomburg1
1
TU Braunschweig, Institute for Biochemistry, Biotechnology and Bioinformatics, Bioinformatics and Biochemistry
(Braunschweig, DE)
Introduction: Clostridium difficile (also Peptoclostridium difficile) is a major cause of hospital-acquired diarrhea and can lead
to pseudomembranous colitis with a high mortality. Antibiotics are largely futile due resistances and antibiotic therapy even
presents a risk-factor for C. difficile infections. In contrast to the medical impact of this organism, the metabolic behavior
of C. difficile is poorly understood. Genome-scale metabolic models can improve the understandingofthe metabolism and
simplify the research by reducing the amount of laboratory experiments necessary.
Objectives: Development and application of an extended metabolic model for C. difficile 630 Δerm. Integration of experimental results and verification/optimisation of the model. Use of the model for an in-detail understanding of metabolic
constraints and capacities of the organism.
Methods: A first draft model of C. difficile 630 Δerm was constructed using EnzymeDetector and the MetaCyc reaction
set. This draft reconstruction was extended by literature research and a manual annotation using BLASTp, BrEPS and
InterPro. For the final model reactions were taken from literature and the non-redundant BKM-react database consisting of
the reaction sets from BRENDA, KEGG, and MetaCyc. Erroneous reactions were corrected and non-metabolic reactions
excluded. The model was supplemented and validated with laboratory experiments.
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Results: The model is the first C. difficile model able to reproduce the growth behavior in a quantitative manner. Growth,
maintenance, and host immune system resistance are strictly dependent on the Stickland reactions of amino acid metabolism. New insights into carbon usage and the complex energy metabolism of C. difficile could be obtained.
Conclusions: Genome-scale metabolic models of pathogenic organisms can give new insights into the biology of pathogens. These insights will lead to new strategies of clinical treatment and prevention of C. difficile infections.
P FGCD 02
Time-resolved substrate uptake and product formation of Clostridium difficile
M. Neumann-Schaal1, J. Hofmann1, D. Schomburg1
1
TU Braunschweig, Bioinformatics and Biochemistry (Braunschweig, DE)
Introduction: Clostridium difficile associated diarrhea has caught increasing attention as one of the most common
nosocomial infections. While clinical symptoms are well documented, little is known about the gene regulatory, protein
and metabolic networks involved in the host associated life cycle of C. difficile.
Objectives: The genetic repertoire of C. difficile reveals an unusual set of reactions and pathways. The organism contains
the complete glycolytic chain, but only parts of the pentose phosphate pathway and the citrate cycle. Moreover, anabolic,
biosynthetic routes seem to be only partially present on basis of the genomic data. As an obligatory anaerobic organism C.
difficile shows a highly complex mixed acid fermentation system (Stickland reactions) including a large number of different
carboxylic acids depending on the available substrates. Accordingly, this bacterium is expected to have a metabolism
which largely differs from that of other bacteria.
Materials & Methods: C. difficile was grown anaerobically on different defined media. After sampling, GC/MS-based
analysis of volatile and non-volatile fermentation products and intracellular metabolites was performed and completed by
HPLC/MS-based analysis of CoA-derivatives.
Results & Conclusion: Here, we present a time-resolved comparison ofsubstrate consumption and fermentation productsof C. difficile grown on medium supplemented either with casamino acids and glucose or a minimal set of amino
acids and glucose. C. difficile shows a high preferences for amino acid substrates such as proline or cysteine. Different
glucose consumption dynamics were observed in presence of either casamino acids or the minimal set of amino acids
accompanied by major changes in butanoate formation. These data are supported by metabolic data obtained after
growth on 13C labeled glucose.
P FGCD 03
NGS-based typing of Clostridium difficile using whole genome MLST
K. De Bruyne1, L. Hauben1, H. Pouseele1, K. Janssens1
1
Applied Maths NV (Sint-Martens-Latem, BE)
Clostridium difficile is a bacterium that can cause symptoms ranging from diarrhea to life-threatening inflammation of the
colon, most commonly affecting older adults in hospitals or in long-term care facilities. C. difficile infections typically develop
during or within a few months after a course of antibiotics, as good germs that protect against infection are destroyed for
several months. During this time, patients can get sick from C. difficile picked up from contaminated surfaces or spread
through a carrier e.g. health care provider’s hand. Each year, more than a half million people get sick from C. difficile, and
in recent years, C. difficile infections have become more frequent, severe and difficult to treat.
Typing methods are essential epidemiological tools in infection prevention and control. With the advent of benchtop sequencers using NGS technology, bacterial WGS became feasible even in smaller clinical laboratories. WGS has already
been used to characterize several outbreaks worldwide and, in the near future, is likely to replace currently used typing
methodologies due to its ultimate resolution. The current bottleneck for WGS routine surveillance resides in the fact that
it is laborious and time-consuming.
In this work, we assessed the use of wgMLST to enhance the analysis and detection of bacterial outbreaks. The method was
implemented as easy to use high-throughput data processing pipeline, integrated in the BioNumerics® software platform.
Pangenomic wgMLST can be seen as the extension of conventional MLST, incorporating many more loci and thus
providing higher resolution. To determine the locus presence and to detect the allelic variants, one assembly-free and
one BLAST-based algorithm have been implemented. Once allele assignments have been calculated, different (sub-)
typing schemes could be defined and used for cluster analysis. The analysis tools available within BioNumerics® were
used to construct phylogenetic trees and analyze the wgMLST results. Analysis is performed on publicly available data.
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WGS combined with automated data analysis pipelines holds great promise for epidemiological surveillance of bacterial
pathogens. The BioNumerics® 7.5 software offers a powerful platform to obtain a rapid, accurate, and high resolution
picture of outbreak situations using wgMLST.
P FGCD 04
Comparative genomics of Clostridium difficile strains isolated from European, African and Asian patients
reveals a conserved genomic structure and a variability of acquired and mobile genetic elements
T. Riedel1, B. Bunk1,2, J. Wittmann1, C. Spröer1, A. Thürmer3, E. Brzuszkiewicz3, K. Gunka4, B. Abt1,2, O. Zimmermann4
S. Gronow1,2, H. Liesegang3, U. Groß4, R. Daniel3, J. Overmann1,2
1
Leibniz Institute DSMZ-German Collection of Microorganisms and Cell Cultures (Braunschweig, DE)
2
German Centre of Infection Research (DZIF), Partner site Hannover-Braunschweig (Braunschweig, DE)
3
Georg-August-University Göttingen, Department of Genomic and Applied Microbiology and Göttingen Genomics
Laboratory (Göttingen, DE)
4
University Medical Centre, Institute of Medical Microbiology (Göttingen, DE)
Clostridium difficile, an anaerobic and spore-forming Gram-positive bacterium, is a facultative nosocomial pathogen
responsible for antibiotic-associated diarrhea or pseudomembraneous colitis. Many studies focused on the epidemiology
of hospital-aquired C. difficile-associated diarrhea (CDAD) in Europe and North America. However, little is known about
the presence of C. difficile in Africa and Asia until now. In this study, we performed a de novo genome sequencing of the
C. difficile type strain DSM 1296T together with several clinical C. difficile strains isolated from patients in Europe, Africa
and Asia resulting in each their complete genomes. For genome sequencing a combination of single-molecule real-time
(SMRT) and Illumina sequencing technologies was used. Comparative genome analysis revealed highly conserved genomic
regions in the chromosomes and a variability of acquired and mobile genetic elements. Interestingly, whereas C. difficile
strains from Europe and Asia contain sequences encoding C. difficile-specific toxins, most of the isolates from Africa lack
those toxin-coding genes. In addition to the chromosomes, genome assembly and analysis revealed the presence of
extrachromosomal elements such as different plasmids and provide evidences for new types of phages infecting C. difficile.
P FGCD 05
Alteration in the thiol proteome of Clostridium difficile in response to bile acid stress
S. Sievers1, T. Jordt1, S. Dittmann1, A. Otto1, F. Hochgräfe1, M. Hecker1
1
University of Greifswald, Institute for Microbiology (Greifswald, DE)
Introduction: The spore-forming, Gram-positive human pathogen C. difficile has become the most frequent cause of hospital
acquired diarrhea very often resulting in a serious inflammation of the Poster intestines. An increasing antibiotic resistance
of the bacterium and a very high relapse rate call for new antimicrobial strategies. During infection, C. difficile is challenged
with locally high concentrations of bile acids that represent a putative cause of disulfide stress (Cremers et al. 2014).
Objectives: Alterations in the thiol proteome could have dramatic cellular consequences since cysteine residues play
an important role in enzymatic reactions and can serve as regulatory switches. We pursue to investigate the suggested
action of bile acids as instigators of disulfide formation in C. difficile 630 Δerm.
Materials and methods: C. difficile 630Δerm was grown in BHI to mid-exponential phase. The culture was split in three
subcultures, one stressed with a bile acid mix, one with diamide and the third left as a control. After 15 min cells were
harvested. Proteins of the three samples were differentially thiol-labeled (Leichert et al. 2004) using isotopically different
iodoacetamide derivatives. After an 1-D protein separation via SDS-PAGE proteins were in-gel trypsinized and analyzed
by LC-MS/MS. MaxQuant software was employed to evaluate the redox status of cysteines.
Results: Bioinformatics inspection of the C. difficile proteome reveals an extraordinary high content of the amino acid
cysteine. We established a modified differential cysteine labeling protocol which allows monitoring changes in the redox
status of protein thiols. The workflow was applied to C. difficile 630Δerm at control conditions under which cysteine residues
present a widely reduced state, to diamide stressed cells which serve as a positive control since diamide is a known to
strongly trigger disulfide stress, and also to cells stressed with bile acids to clarify if this stress leads to a global change
in the thiol proteome pattern in C. difficile.
Conclusion: The thiol-redox profiling helped to identify specifically redox-responsive proteins. Our approach also supports a comprehensive protein quantification which completed the picture of adaptation mechanisms of C. difficile to the
unfavorable conditions in the intestinal tract.
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P FGCD 06
Influence of medium composition on metabolism and toxin production of Clostridium difficile
J. Hofmann1, M. Neumann-Schaal1, D. Schomburg1
1
TU Braunschweig, Institut für Biochemie, Biotechnologie und Bioinformatik (Braunschweig, DE)
Introduction: Clostridium difficile is a gram positive, anaerobic pathogen that causes an antibiotic associated diarrhea
which is a major problem in hospitals. A pseudomembranous colitis can evolve in severe clinical courses of this disease.
Clostridium difficile produces two toxins, TcdA and TcdB. They are large proteins (308 and 270 kDa) belonging to the
familiy of glycosyl-transferases. The toxins enter host cells and inactivate Rho-GTPases which play essential roles in the
cell cycle, cell-cell adhesion and cytokinesis.
Objectives: The objective of the study is to determine the influence of the medium composition on the toxin production and
the changes of the metabolism when the bacteria produces toxins. Markers in the metabolism indicating toxin production
and ways to reduce toxin production are determined.
Materials & Methods: C. difficile was grown anaerobically on Cas-amino acid medium supplemented with glucose, cysteine
and tryptophan. After sampling, GC/MS-based analysis of volatile and non-volatile fermentation products and intracellular
and extracellular metabolites was performed.Toxin production was analysed by ELISA and dot blots.
Results & Conclusion: We show that toxin production is strongly reduced by a modification of the medium composition. Time-series analyses of the intracellular metabolome, the changes in medium composition and toxin export will be
presented for different compositions of the medium.
P FGCD 07
Comparative analysis of putative virulence factors in Clostridium difficile
J. Starke1, P. Arendarski1, A. Thuermer1, H. Liesegang1, K. Gunka2, O. Zimmermann2, U. Gross2, B. Bunk3,4, T. Riedel3
J. Overmann3,4, R. Daniel1,5, E. Brzuszkiewicz1
1
Göttingen University, Göttingen Genomics Laboratory (Göttingen, DE)
2
Institute of Medical Microbiology, University Medical Centre (Göttingen, DE)
3
Leibniz Institute DSMZ-German Collection for Microorganisms and Cell Cultures (Braunschweig, DE)
4
German Centre of Infection Research (DZIF), partner site Hannover-Braunschweig (Braunschweig, DE)
5
Göttingen University, Genomic and Applied Microbiology (Göttingen, DE)
Over the past two decades Clostridium difficile infection (CDI) has been noticed as a major public health threat responsible
for thousands of fatal infections. Clinical isolates of C. difficile exhibit a surprising diversity of phenotypes concerning colony
shapes as well as pathogenicity. In this study, a whole-genome analysis was performed to investigate the relationship of
different clinical isolates (CD1, CD2, CD3, and CD24) (DSM27638, DSM27639, DSM27640 respectively). We determined
the complete genome sequences of these isolates. A combination of single-molecule real-time (SMRT) - and Illumina
short read sequencing was used to obtain high quality genome sequences. A comparative analysis of virulence factors
in C. difficile strains, characterization of toxins and motility has been performed. Flagella were analyzed genome-based,
visualized in TEM and motility of the strains was tested.
P FGCD 08
MALDI-TOF ICMS fingerprinting for rapid discrimination of clonal subpopulations in Clostridium difficile
W. Schneiderhan1, K. Gunka1, O. Zimmermann1, I. Janssen1, V. Lang1, I. Hasibuan1, T. Riedel2, B. Bunk2,3, C. Spröer2
A. Thürmer4, E. Brzuszkiewicz4, S. Gronow2,3, H. Liesegang4, R. Daniel4, J. Overmann2,3, U. Groß1
1
University Medical Centre Göttingen, Institute of Medical Microbiology (Göttingen, DE)
2
Leibniz Institute DSMZ-German Collection for Microorganisms and Cell Cultures (Braunschweig, DE)
3
German Centre of Infection Research (Braunschweig, DE)
4
Georg-August-University Göttingen, Department of Genomic and Applied Microbiology and Göttingen Genomics
Laboratory (Göttingen, DE)
Hypervirulence is suggested to be associated to particular ribotypes (RT) of C. difficile. Since matrix-assisted laser desorption/ionization time of flight (MALDI-TOF) intact cell mass spectrometry (ICMS) fingerprinting is a rapid method to identify
bacteria on the subspecies level, we investigated the potential role of MALDI-TOF ICMS fingerprinting to subgroup C.
difficile. A total of 95 C. difficile strains recovered from human stool samples collected in Seesen (Germany, n=43), Eikwe
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(Ghana, n=19) or Medan (Indonesia, n=33) were thus subjected to MALDI-TOF ICMS analysis on a Bruker Autoflex III in
linear mode and positive ionization. Using FlexAnalysis software, the acquired spectra were analyzed for peaks reproducible
within 12 replicates of each isolate but variable between these isolates. Thereby, 25 features were identified, that allowed
to form 18 groups with an identical feature-pattern. The members of the cluster matching the pattern of C. difficile strains
of the RT 027 were confirmed to belong to the RT 027. The features characteristic for this cluster could be detected with
no relevant interassay- or interlaboratory variation. Our data demonstrates that MALDI-TOF ICMS represents a promising
new avenue for classification of C. difficile strains at the subspecies level. The clusters identified by MALDI-TOF ICMS
may be, at least in part, associated to a certain RT of C. difficile.
P FGCD 09
Contribution of mobile genetic elements to the diversification of a novel Clostridium difficile pulsotype
T. Murillo1
1
University of Costa Rica, Microbiology (San José, CR)
We recently reported the emergence of a new epidemic pulsotype of C. difficile unrelated to clade II, but closely related
to strain 630 from clade I. These so-called NAPCR1 strains have been circulating in Costa Rican hospitals at least since
2003 and we now have 32 draft genome sequences representing 4 different SmaI macrorestriction patterns from the
last decade. Our objective is to understand the mechanisms through which NAPCR1 strains from the last decade diversify
using comparative genomics. The genomes were obtained through sequencing by synthesis, assembled with Velvet,
aligned with Mauve using strain 630 as a reference and annotated with Prokka. Phylogenomic reconstructions based on
coreSNPs or predicted proteomes were done with Parsnp or Get_Homologues, respectively. Signature genes and genetic
structures explaining the above phylogenetic clusterings were identified through comparison of pangenomic matrixes and
visualization of pairwise genome comparisons generated with WebAct.
Proteome-based phylogenetic analyses were more discriminative than those based on SNPs. In both cases, four clusters
were identified. Clusters A, B, C, and D include 15, 6, 9 and 2 isolates, respectively. Representative isolates from Clusters
A and B (both ways) and Clusters C and A shared the same gene clusters. Other pairwise comparisons revealed between
45 and 61 signature genes clusters. Noteworthy was Cluster D, as it showed up to 167 different genes clusters when
compared to the other clusters, some of them being unique. This finding agrees with the tree topologies obtained. Most of
the genomic differences observed between the clusters correspond to genes encoding hypothetical proteins, followed by
genes encoding viral proteins such as terminases, capsid proteins, endonucleases, holins, recombinases, integrases and
phage tails. Most of these genes are in tandem and located into elements resembling novel phages and transposons. Our
results confirm mobile genetic elements as major contributors of the differentiation of NAPCR1 strains over a short period
of time, in particular of isolates from Cluster D. Because the major genomic differences correspond to genes into MGE,
phylogenetic classifications through SNPs fall short for the detection of intraspecific variations in C. difficile genotypes.
Some of the differential gene clusters are antibiotic resistance genes important for the pathogen survival in the host. Other
effects in the pathogenesis or metabolic functions acquired from these MGE remain to be determined.
Functional Genomics of Infectious Diseases
P FGID 01
Hyphodermella, is a genus producing lignin modifying enzymes
S. Rahimlou1, V. Babaeizad1, M. Sayari2
1
Sari Agricultural University, Plant Pathology (Sari, IR)
2
University of Pretoria, Microbiology and Plant Pathology (Pretoria, ZA)
Hyphodermella is a genus belonging to Phanerochaetaceae family, a family which is consisting well-known white rot species
occupying woody substrates. Since now based on morphological characters, six species were identified belonging to this
genus, including H. corrugata, H. densa, H. maunakeaensis, H. ochraceae, H. rosae and H. brunneocontexta. Hyphodermella
rosae is one of the main pathogen of peach and plum which newly emerged in northern parts of Iran. Lignin is a structurally
complex aromatic biopolymer which is recalcitrant to degradation. White rot fungal species are the only organisms that
are effectively modifying it to access easily degradable cellulose inside. It has been demonstrated that the extracellular
enzymes of some white rot fungi involve extensively in this degradation. These extracellular enzymes are grouped into
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two peroxidative and oxidative kinds from oxidoreductases, including lignin peroxidases, manganese peroxidases, and
laccases. Through this study we were retrieved four degenerate PCR primer pairs from sources designed on sequences
from well-known fungal lignin decomposer species to amplify the lignin peroxidase and laccase genes in two H. corrugata
(ICMP 16963) and phytopathogenic H. rosae species and two primer pairs were designed during this study to amplify the
Mn-dependant lignin peroxidase gene in the same fungi. Positive results were obtained for both lignin peroxidase and manganes peroxidase genes in two studied Hyphodermella species and also it was indicated that these protiens have several
isoforms due to several amplicons generated with small size discrepancies. But the results for laccase gene amplification
were negative. Through this study it was concluded, studied Hyphodermella species like other strong lignin decomposers
belonging to Phanerochaetaceae are producing effective lignin degrading peroxidative proteins. Fail to amplify the laccase
gene in Hyphodermella could be interpreted in two hypotheses: firstly, used PCR primers were unable to amplify the laccase
encoding genes in Hyphodermella, and secondly, the studied Hyphodermella species lacking laccase gene, thus they do
not produce the related protein. With considering the phylogenetic affinity of Hyphodermella to the Phanerochaete genus,
the well-known producer of peroxidative enzymes without laccase activity, second hypothesis is becoming more probable
but further investigations are needed to confirm the absence of laccase in these Hyphodermella species.
P FGID 02
Microevolution of Pseudomonas aeruginosa in chronically infected cystic fibrosis lungs
J. Klockgether1, N. Cramer1, B. Tümmler1
1
Hannover Medical School, Clinical Research Group - OE6711, Ped. Pneumology (Hannover, DE)
Introduction: Chronic airway infections with the opportunistic pathogen Pseudomonas aeruginosa determine the clinical
course of most patients with cystic fibrosis (CF). During the course of the chronic infection the P. aeruginosa bacteria undergo
microevolution which is supposedly be linked to better adaptation to the lung habitat.
Objectives: At our local CF clinic, serial P. aeruginosa isolates were collected in half year intervals from 35 CF patients who
became colonized with P. aeruginosa in the 1980s. For isolates from the six patients with the mildest and the six patients
with the most severe clinical courses bacterial microevolution events occurring in the lungs were determined in order to
investigate associations between microevolution during chronic infection and the course of the disease.
Methods: Serial isolates were genotyped with a customized microarray to determine the clonal lineages. Sequential isolates
of the initially colonizing clone were then subjected to whole genome sequencing by SOLiD5500 technology. Nucleotide
variations compared to the PA14 reference genome were extracted, filtered, annotated and used for the reconstruction of
clades. The >200 bacterial isolates were also characterized in mutation rates and some phenotypic traits such as morphology, motility and virulence effector secretion.
Results: Exopolysaccharide biosynthesis, antimicrobial resistance and global regulators of lifestyle and metabolism are the
most common functional categories of P. aeruginosa genes hit by mutations in the CF lungs. The observed microevolution
was not uniform. P. aeruginosa clones in lungs of severely affected patients repetitively generated descendants with stop
mutations or drastic amino acid changes in key genes of lifestyle, but these loss-of-function mutants were not recovered from
the lungs at later time points. In contrast, P. aeruginosa clones predominantly acquired mutations causing neutral or benign
amino acid substitutions in patients who maintained a normal function of their chronically colonized lungs for up to 30 years.
Conclusion: Results obtained so far indicate an association of P. aeruginosa microevolution modes in CF lungs with the
severity of the chronic lung infection.
Supported by DFG (SFB900) and Christiane Herzog Stiftung.
P FGID 03
Whole genome sequencing of E. coli isolates from bovine origin: Is there a specific mastitis pathotype?
A. Leimbach1,2, A. Poehlein2, R. Daniel2, U. Dobrindt1
1
University of Münster, Institute of Hygiene (Münster, DE)
2
Georg-August-University of Göttingen, Göttingen Genomics Laboratory (Göttingen, DE)
Introduction: Escherichia coli is the major pathogen of acute bovine mastitis, an inflammation of the mammary gland due
to invading bacteria. The disease has a tremendous economic impact on the dairy industry. Mastitis with acute onset usually
resolves quickly, but also has a higher rate of severe system-wide symptoms like sepsis. Occasionally, an infection with E.
coli results in a subclinical and persistent outcome. Disease pathology is influenced by environmental factors, the immune
response of the cow, and virulence potential of the invading strain.

126

ProkaGENOMICS 2015 • Göttingen • Germany

Poster Presentations
Objectives: Previously, disease development was solely attributed to pathogen-associated molecular patterns stimulating
the cow’s immune system, rather than the genetic makeup of the invading strain. Nevertheless, many studies tried to detect
specific subsets of virulence factors or pathotypes in E. coli mastitis isolates, with no success. Thus, we pursued a whole
genome approach to identify putative unknown virulence traits.
Materials & Methods: Next-generation sequencing was performed on Illumina and 454 sequencers for eight bovine
mastitis and six commensal fecal E. coli isolates. Two reference mastitis genomes were closed by primer walking via PCR
and Sanger sequencing (Leimbach et al., 2015). A comparative genomics approach was used to characterize the genetic
background of the strains in relation to phylogeny and pathogenicity.
Results: Both commensal and pathogenic strains were classified into phylogroups A and B1, regardless of isolation source.
Although we identified several putative virulence factors in the mastitis-associated E. coli strains, none of these were
exclusive to pathogenic strains in comparison to commensal strains. The genetic makeup of the strains mirrors mainly the
phylogenetic background instead of pathogenicity.
Conclusion: Our analyses suggest that bovine mastitis E. coli infections have an opportunistic character. Naturally occurring
commensal E. coli strains from the bovine gut and their fitness factors are the most likely source of infection.
Leimbach A, Poehlein A, Witten A, Scheutz F, Schukken Y, Daniel R, Dobrindt U. 2015. Complete genome sequences of
Escherichia coli strains 1303 and ECC-1470 isolated from bovine mastitis. Genome Announc. 3(2):e00182-15.
P FGID 04
Genome-guided analysis of Melissococcus plutonius, causing European foulbrood on honey bee
M. Djukic1, A. Poehlein1, R. Daniel1
1
Georg-August-University, Institute of Microbiology and Genetics, Genomic and Applied Microbiology (Göttingen, DE)
Honey bees are the most important pollinators of crop monocultures worldwide. One of the most economically important
disease affecting the honey bee brood is the European foulbrood (EFB). This bacterial disease is caused by Melissococcus
plutonius. EFB affects mainly unsealed brood and honey bee larvae are usually killed at an age of 4-5 days. Paenibacillus
alvei, Brevibacillus laterosporus and Enterococcus faecalis occur as secondary invaders during EFB outbreaks.
The aim of this study was to investigate putative virulence factors of M. plutonius and the secondary invaders via comparative genomics. Furthermore, the bacterial diversity and community composition of the gut of EFB-infected and healthy
honey bee larvae was explored.
Sequencing of M. plutonius, P. alvei, E. faecalis and B. laterosporus genomes were done by using a combination of 454-pyrosequencing and/or Illumina techniques. The obtained sequences were assembled, contigs sorted, and remaining gaps
closed. Additionally, the bacterial diversity and community composition of EFB-infected and EFB-free honey bee larvae was
determined through an amplicon-based sequencing approach of 16S rRNA genes and transcripts.
The genome sizes of M. plutonius isolates are approximately 2.1 to 2.2 Mbp, while E. faecalis MLST1, P. alvei and B.
laterosporus comprise genome sizes of approximately 2.8 Mbp, 6.1 to 6.9 Mbp and 5.1 to 5.4 Mbp, respectively. Genome
sequence and comparison analysis of the EFB-associated bacteria revealed a large potential to produce bacteriocins, cell
surface and adhesion-associated proteins, toxins, NRPS/PKS gene cluster and proteolytic enzymes. Bacterial diversity
analysis of EFB-infected larvae revealed the presence of Lactobacillus spp., Enterococcus spp., and P. alvei in addition to
M. plutonius, in high abundances.
We identified putative virulence factors of M. plutonius and the secondary agents that might play a role in EFB pathogenesis.
Furthermore, different sugar transport systems and pectin-degrading enzymes were identified. These results indicate pollen
perforation by M. plutonius, which results in release of nutrient-rich pollen content. We could show that M. plutonius and
the secondary invaders suppress the healthy flora of the honey bee larva’s gut.
P FGID 05
Genome analysis and comparison of EHEC and non-EHEC strains
M. Schreiner1, C. Storck1, A. Mellmann1, D. Harmsen2, U. Dobrindt1
1
Westfälische Wilhelms-Universität, Institute of Hygiene (Münster, DE)
2
Westfälische Wilhelms-Universität, Department of Periodontology (Münster, DE)
Introduction: Enterohaemorrhagic E. coli (EHEC) are important human pathogens which cause bloody and non-bloody
diarrhoea. Due to their ability to cause large outbreaks and systemic complications, such as haemolytic uraemic syndrome
(HUS), EHEC infections frequently result in a great public health burden. Current routine EHEC diagnostics mainly relies on
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the detection of stx and the intimin-encoding eae genes and focuses otherwise on the most common serotypes responsible
for the majority of disease cases, the so-called “big five”. Due to the focus on the “big five” serotypes, rapid identification of
other EHEC variants, e.g. the O104:H4 outbreak strain in 2011 was severely impaired in many routine diagnostic labs. Consequently, there is an urgent need for comprehensive and reliable diagnostic tools for all clinically relevant EHEC serotypes.
Objectives: A reliable risk assessment of EHEC isolates requires the determination of discriminatory marker combinations
which allow unambiguous discrimination of EHEC variants with the potential to cause disease in humans. To achieve the
goal to differentiate between highly pathogenic - HUS-inducing –E. coli and less virulent EHEC or even non-pathogenic
Stx-producing E. coli, we apply a genome wide approach and compare all publicly available EHEC genomes with those of
other pathogenic or non-pathogenic E. coli.
Materials & methods: Publicly available genome sequence data from the RefSeq and sequence read archive (SRA)
databases will be retrieved, assembled, and analysed. After de novo-assembly of the reads with SPAdes, the draft genome
sequences will be analysed with SeqSphere+, ssGeneFinder and Gegenees.
Results: Retrieved sequences positive for stx and eae genes after a BLAST analysis were considered to be isolated from
EHEC strains. Following the assembly, the MLST+ type and the allele content of the samples is investigated and a SNP
genotyping is conducted.
Conclusion: The initial results are a promising start to screen for E. coli genomic markers with a high discriminatory power
to improve EHEC detection. These markers can then be used as targets for real-time PCR or LAMP assays. Additionally
the genome information can be used to address further questions concerning the variability of genomic regions, regulation
of virulence genes and insights into outbreak population dynamics and bacterial evolution.
P FGID 06
Comparative genomic analysis of multi drug resistant Escherichia coli strains that cause bacteremia
Y. Yair1, R. Schreiber1, M. Dan1, E. Ron1, U. Gophna1, A. Samosav1
1
Tel Aviv University, Molecular Microbiology and Biotechnology (Tel Aviv, IL)
Questions: Specific strains of extraintestinal pathogenic Escherichia coli are a common cause of bacteremia and sepsis
following post transrectal ultrasound (TRUS)-guided prostate biopsy and urinary tract infections (UTI). The ability of these
strains to successfully survive and replicate in human serum is yet to be fully understood. Previous work has shown that
although UTI-associated and TRUS-associated strains show similar levels of resistance to human serum, they are genetically distinct and exhibit interesting variability in terms of genome size and content, antibiotic resistance, plasmids and
other horizontally transmitted elements. The aim of this study was to study these two subsets of bacteremic E. coli strains
and identify shared, TRUS-specific and UTI-specific genes using comparative genomics.
Methods: Illumina paired end sequencing was used to sequence 16 clinical isolates obtained from bacteremic patients,
originating from UTI or post-TRUS infection. We assembled the genomes using SPAdes genome assembler and annotated
the genomes using Prokka.
Results: Comparative analysis showed that the homologs shared between all isolates represented only 25.4 % of their total
pangenome. Notably, 0.24 % of the homologs were enriched in the TRUS-associated strains compared to the UTI strains, and
most of them (37%) encoded proteins associated with a subtype of the Type II secretion system (T2S). An additional 18.5% of the
TRUS-enriched genes encoded proteins with unknown functions. In contrast, the number of UTI-enriched homologs was more than
double - 0.57%, and most of them (31.7%) were phage related, with an additional 26% encoding proteins with unknown functions.
Mobility and plasmid-related genes comprised 6.3% of UTI-enriched genes, reflecting the larger plasmid content of these strains.
Conclusions: There are substantial genomic differences between UTI- and TRUS-associated bacteremic E. coli strains, which
extend both to highly central factors such as T2S and to the mobile/selfish gene pool.
P FGID 07
Host interaction and adaptation of Escherichia coli in the urinary tract
C. Stork1, B. Wullt2, C. Svanborg2, U. Dobrindt1
1
Institute of Hygiene (Münster, DE)
2
Lund University, Division of Microbiology, Immunology and Glycobiology (Lund, SE)
Introduction: Besides causing symptomatic urinary tract infection, E. coli can also asymptomatically colonize the human
bladder. During asymptomatic bacteriuria (ABU), bacterial carriage in the bladder is high without provoking overt host immune
responses or symptoms.
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Uropathogenic E. coli (UPEC) and commensal strains can be discriminated by DNA elements contributing to specific virulence
traits. Unlike UPEC, which cause symptomatic infections, the ABU isolate 83972 lacks many functional virulence-associated
genes. For many ABU strains the weak host response can be explained by poor cell contact, which is essential to trigger the
innate host defense. This may constitute a key mechanism of their persistence. The analysis of the molecular mechanisms of
bacterial adaptation upon in vivo growth is essential for the understanding of ABU. Our aim is to identify steps responsible for
turning a pathogen into a commensal.
Material and methods: To study in vivo adaptation of E. coli in the human urinary tract, we pheno- and genotypically investigated
strain ABU 83972 with its clinical re-isolate SN25. The E. coli SN25 genome was sequenced and compared with the reference
genome of parental strain 83972.
Results: We detected 48 SNPs in the E. coli SN25 genome of which 44 are located within coding regions. 32 variants represented
synonymous SNPs, whereas 12 non-synonymous SNPs result in amino acid changes of the corresponding protein. Individual
genes containing non-synonymous SNPs were either deleted in wildtype strain 83972 or reconstituted in re-isolate SN25 and
their impact on bacterial phenotypes was analyzed.
Discussion: With the help of the draft genome sequence, candidate genes were selected for further in-depth analysis regarding their allocation to regulatory networks and their contribution to altered phenotypes of re-isolate SN25 as a result of in vivo
adaptation and interaction with the human host.
P FGID 08
Development of a probabilistic method for characterization of bacteriophages
C. M. Chibani1, R. Hertel1, E. Brzuszkiewicz1, H. Liesegang1
1
The Institute of Microbiology and Genetics (Göttingen, DE)
Bacteriophages are extremely abundant biological entities bacterial viruses, with approximately 1031 phage particles existing in
nature and aquatic environments. They contribute to i) bacterial host mortality and ii) are a key factor in shaping the abundance
and variety of bacterial genomes, and thus play a role in bacterial evolution, evolution of new genes, horizontal gene transfer
(HGT), and maintenance of ecological balance. The presence of several Bacillus strains, Clostridia strains and Vibrio strains
gives an exceptional opportunity to examine the diversity of phages infecting different hosts of a genus. We wanted to develop
a sensitive method for phage detection and classification. Here, we first showed that phages cluster according to the amount of
shared orthologous proteins, and that each cluster of phage family. We the show that many phages shared many orthologous
proteins with members of other clusters which suggest a historical relationship that evolved, and many other phages did not share
proteins whatsoever with other phages, which suggests the need for more phage identification. We then verified that clustered
phages showed conserved content and synteny. We lastly aimed to create Hidden Markov Models 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 General Markov Models to generate a sensitive tool for prophage genome identification within sequenced
bacterial hostgenomes.
P FGID 09
Investigating the regulation of fHbp expression in clinical isolates of menigococcus
M. Spinsanti1, M. De Chiara2, M. Biagini3, G. De Angelis3, N. Norais3, A. Muzzi3, I. Delany3
1
University of Bologna (Bologna, IT)
2
IRCAN - Institute for Research on Cancer and Aging (Nice, IT)
3
GSK (Siena, IT)
Introduction: Neisseria meningitidis (Nm) is a strictly human pathogen and is the major cause of septicemia and meningitis
worldwide. Factor H binding protein (fHbp) is a surface-exposed lipoprotein that binds the human factor H allowing the
bacterium to evade the host innate immunity response. Of note, fHbp is a key antigen in two novel vaccines against Nm
serogroup B (Bexsero® and Trumenba®). The fHbp gene is present in most circulating meningococcal strains. However,
its level of expression varies among isolates and is predictive of Nm strain susceptibility to anti-fHbp antisera. Previous
studies showed that fHbp is transcribed from a FNR regulated promoter, responsible for oxygen-dependent regulation of
fHbp; in some strains it is also transcribed in a bicistronic transcript with the upstream cbbA gene.
Objectives: The aim of this study was to understand the sequence determinants that control fHbp expression in globally circulating strains. This knowledge will be used as a predictive tool for fHbp expression levels in any strain, which is
particularly important to assess vaccine coverage.
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Materials & methods: Bioinformatics analysis on Nm genomes publicly available. Quantification of fHbp by mass spectrometry (MS) analysis. Generation of Nm recombinant strains and western blot analysis of fHbp expression.
Results: We analyzed the upstream fHbp intergenic region (fIR) of a large panel of strains and we identified nine fIR types
which represent 86% of meningococcal strains. Using quantitative MS, we determined the amount of fHbp in a panel of
105 strains and we observed a correlation between the fIR classification and fHbp levels. To confirm this hypothesis, we
constructed isogenic recombinant strains where fHbp expression was under the control of each of the nine fIR types.
Moreover, we identified the SNPs that affect fHbp expression. Preliminary results showed that this sequence classification
may predict the response to different stimuli encountered during infection.
Conclusions: The results showed that by analyzing the fIR of circulating strains we can infer fHbp expression levels. As
the amount of fHbp expressed on bacterial surface correlates with susceptibility to killing mediated by anti-fHbp antibodies,
our method will rapidly predict vaccine coverage mediated by this antigen.
P FGID 10
On the limits of computational functional genomics for bacterial lifestyle prediction
E. G. Vieira Barbosa1, R. Rottger1, A.- C. Hauschild1, V. Azevedo2, J. Baumbach1
1
University of Southern Denmark, Department of Mathematics and Computer Science (IMADA) (Odense, DK)
2
Federal University of Minas Gerais, Department of Genetics (Belo Horizonte, BR)
We review the level of genomic specificity regarding actinobacterial pathogenicity. As they occupy various niches in diverse
habitats, one may assume the existence of lifestyle-specific genomic features. We include 240 actinobacteria classified into
four pathogenicity classes: human pathogens (HP), broad-spectrum pathogens (BP), opportunistic pathogens (OP), and
non-pathogenic (NP).We hypothesize: (H1) Pathogens (HPs and BPs) possess specific pathogenicity signature genes.
(H2) The same holds for opportunistic pathogens. (H3) Broad-spectrum and exclusively human pathogens cannot be
distinguished from each other due to an observation bias, i.e. many HPs might be yet unclassified BPs. (H4) There is no
intrinsic genomic characteristic of opportunistic pathogens compared to pathogens, as small mutations are likely to play
a more dominant role in order to survive the immune system.
To study these hypotheses, we implemented a bioinformatics pipeline that combines evolutionary sequence analysis with
statistical learning methods (Random Forest with feature selection, model tuning and robustness analysis). Essentially,
we present orthologous gene sets that computationally distinguish pathogens from non-pathogens (H1). We further
show a clear limit in differentiating opportunistic pathogens from both, non-pathogens (H2) and pathogens (H4). Human
pathogens may also not be distinguished from bacteria annotated as broad-spectrum pathogens based on a small set of
orthologous genes only (H3), as many human pathogens might as well target a broad range of mammals but have not
been annotated accordingly.
In conclusion, we illustrate that even in the post-genome era, and even for supposedly simple questions, our ability to
efficiently deduce real-world conclusions from large-scale next-generation sequencing data remains quite limited.
P FGID 11
Complete genome sequence and DNA methylation profile of Campylobacter coli BFR 9557
A. Zautner1, A.- M. Goldschmidt1, A. Thürmer2, J. Schuldes2, O. Bader1, R. Lugert1, U. Groß1, K. Stingl3
G. Salinas-Riester4, T. Ligner4
1
Universitätsmedizin Göttingen, Medizinische Mikrobiologie (Göttingen, DE)
2
Universität Göttingen, Institute for Microbiology and Genetics, Department of Genomic and Applied Microbiology
& Göttingen Genomics Laboratory (Göttingen, DE)
3
3Federal Institute for Risk Assessment (BfR), FGr 42 - NRL for Campylobacter (Berlin, DE)
4
Universitätsmedizin Göttingen, Microarray and Deep-Sequencing Core Facility (Göttingen, DE)
Background: Campylobacter species are the most prevalent bacterial pathogen causing acute enteritis worldwide. In
contrast to Campylobacter jejuni about 5% of Campylobacter coli strains exhibit susceptibility to restriction endonuclease
digestion by DpnI cutting specifically 5’-GmATC-3’ motifs. This indicates significant differences in DNA methylation.
The goals of the study was to analyze the methylgenome of a C. coli strain susceptible to DpnI digestion, to identify its
methylation motifs/restriction modification systems (RMS) and compare them to related organisms like C. jejuni and
Helicobacter pylori.
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Methods: 50 C. coli isolates of different origin were analyzed using 5’-GmATC-3’ specific isoschizomer digestion assays.
One positive tested strain, BFR 9557, was sequenced on SMRT cells using PacBio RS sequencing technology followed
by PacBio Modification and Motif Analysis.
Results: Using one SMRT cell the complete genome of C. coli BFR 9557 (1 single contig: 1.72 Mb, average reference
coverage: 500.8, 1851 genes, 1797 CDS, 44 tRNAs, 1 tmRNA, 9 rRNAs) was sequenced. The G+C content was 31.4%.
45,882 6-methylated adenins (ca. 2.7%) and 1,789 4-methylated cytosins (ca. 0.1%) have been detected.
11 different methylation motifs corresponding to 9 distinct recognition sequences (4 with partner motif, 2 palindromic)
have been identified. 10 of these were m6A motifs and only one was a potential m5C methylation motif. Only 2 motifs
correspond to known restriction modification motifs. Characteristic for this methylgenome was the very high fraction of
methylation - mostly >99%.
In comparison to C. coli BFR 9557 only 5 dominant methylation motifs have been identified in C. jejuni. All 5 have been
associated with known RMSs. C. coli BFR 9557 has only one of these, namely RMSII.
In accordance with the DpnI prescreening RMS IIP, methylating GATC motifs, is expressed in C. coli BFR 9557. RMS
IIP is also found in H. pylori. The remaining methylation motifs are specific for C. coli BFR 9557 and hve been neither
detected in C. jejuni nor in H. pylori. One outstanding finding was the detection of the possible m5C methylation motif
GGB, which was not described before.
P FGID 12
Interclonal transcriptome profile of four Pseudomonas aeruginosa isolates
S. Dethlefsen1, S. Fischer1, J. Klockgether1, B. Tümmler1
1
Medical School Hannover, Clinic for Pediatric Pneumology and Neonatology (Hannover, DE)
Introduction: Pseudomonas aeruginosa is a ubiquitous metabolically versatile γ-proteobacterium, which can be found
nearly in any aquatic habitat. As an opportunistic pathogen, it can cause a variety of chronic and acute infections in
humans with impaired host defense. 20 isolates representing the major clonal lineages of the P. aeruginosa population
displayed a habitat-independent gradient of virulence in standardized in vivo and in vitro infection models, ranging from
100% lethality to unimpaired health post infection (Hilker et al., 2014).
Objectives: In this study the most virulent (F469) and most attenuated (B420) clones in a mouse lung infection model
together with the two most common clones (C40A and D421) were used to see if the strains show a clone-specific transcriptome profile when grown under the same conditions.
Methods: Cells were grown in Tryptone-Soybean broth in a Biostat fermenter with samples taken at mid-exponential and
early stationary phase for RNA extraction. RNA was transcribed in cDNA and sequenced using an Illumina platform. For
each sample three cDNA libraries were generated: 1) small RNA libraries, 2) TEX treated cDNA libraries for the identification of transcriptional start sites, and 3) rRNA depleted cDNA libraries.
Results and Outlook: Preliminary results show that in C40A and B420 compared to D421 (PA14) more genes are
differentially expressed than in F469 compared to D421. Considering their functional classes, F469 shows a unique pattern with the majority of differentially expressed genes assigned to the classes of secreted factors and quinolone signal
response. For C40A and B420 only minor differences could be detected so far.
In future experiments the four strains will be used in mice infection experiments to analyse the host specific immune
response on transcriptional level.
P FGID 13
Diversity and occurrence of CRISPR-Cas systems in Streptococcus genomes
P. Horvath1, S. van Dillen1, P. Lanotte2, R. Barrangou3
1
DuPont Nutrition and Health (Dange-Saint-Romain, FR)
2
Université François Rabelais de Tours, UMR1282 Infectiologie et Santé Publique (Tours, FR)
3
North Carolina State University, Department of Food, Bioprocessing and Nutrition Sciences (Raleigh, US)
CRISPR (clustered regularly interspaced short palindromic repeats) and Cas (CRISPR-associated) proteins form together
adaptive immune systems in many bacteria and archaea. During the past decade, streptococcal species have been central
in the elucidation of CRISPR-Cas genetics and molecular mode of action and in the development of various applications
in biology, biotechnology and medicine. Indeed, the initial demonstration of CRISPR and Cas role in building resistance
against bacteriophage was provided with the sole food-grade species of the genus, Streptococcus thermophilus, while
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topical breakthroughs in genome editing were spawned using molecular components derived from the pathogenic species S. pyogenes. Reasons for this popularity in CRISPR-related studies include a vast range -both at species and strain
level- of available genome sequences, and an unrivalled propensity of streptococcal systems to naturally acquire novel
spacers from invading genetic elements. The analysis of about 1,500 streptococcal genomes revealed a strong prevalence
of Type II-A systems, that have tremendous potential due to their relative genetic simplicity and portability, and provides a
broad repertoire of Cas9/tracrRNA molecular machines. Furthermore, many species contain Type I systems (I-C or I-E),
while Type III systems remain scarce. This poster summarizes the common features and idiosyncrasies of CRISPR-Cas
systems within the Streptococcus genus.
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