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WELCOME
Welcome to the Joint Annual Seminar on the Projects of the 2nd and 3rd Calls of the
ERA-NET PathoGenoMics. Once again the seminar takes place in the beautiful island of
Tenerife, Canary Islands.
The programme consists of talks and poster presentations of the two calls’ research
projects and research findings achieved in them. This seminar enables the participants
to get an overall picture of the research undertaken in this ERA-NET. We hope that the
seminar also strengthens existing research contacts and creates new ones.
The funding period for the 2nd call’s projects is 2009–2012. Thus, this will be the last
seminar for the projects of the 2nd call and this seminar will be a part of their final
evaluation. The funding period for the 3rd call’s projects is 2011–2014.

On behalf of the ERA-NET PathoGenoMics,
the organizing team:
- Dr Julio Barbas & Ms Jess Jackson
Ministry of Economy and Competitiveness, Spain
email: julio.barbas@micinn.es
- Dr Bülent Genc
ERA-NET PathoGenoMics Secretariat,
Forschungszentrum Jülich GmbH, Germany
E-mail: b.genc@fz-juelich.de
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PROGRAMME
Sunday, January 22, 2012:
18.00–19.00

Registration (first chance, in the hotel lobby)

Monday, January 23, 2012: Status Seminar 2nd call projects

8.30–9.00

Registration (last chance, at the meeting room door)

MORNING SESSION
9.00–9.30
•

Welcome address

Bülent Genc, PathoGenoMics coordinator, Project Management Jülich (PtJ),
Germany
•

Joint calls in PathoGenoMics: final outcome

Julio Barbas, Ministry of Economy and Competitiveness, Spain
SCIENTIFIC PRESENTATIONS. 2ND CALL PROJECTS
Chair: Ivan Matic, France (Scientific Advisory Board member)

9.30–10.10 Streptomics - Mechanisms and modulation of innate immune responses to
Streptococcus pneumoniae and S. pyogenes
Project coordinator & speaker: Pavel Kovarik, Austria [Abs]
10.10–10.50 ADHRES - Signature Project
Project coordinator & speaker: Sophie de Bentzmann, France [Abs]

10.50–11.20

Coffee on the terrace

11.20–12.00 TRANSPAT - Transcriptional networks controlling virulence in filamentous
fungal pathogens
Project coordinator & speaker: Antonio Di Pietro, Spain [Abs]
Co-speaker: Ana Conesa, Spain
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12.00–12.40 Identification of hot spots of divergence and rapidly changing genes within
Shiga toxin-producing Escherichia coli
Project coordinator & speaker: Alexander Mellmann, Germany [Abs]
12.40–13.00 General discussion

AFTERNOON SESSION
SCIENTIFIC PRESENTATIONS. 2ND CALL PROJECTS
Chair: José Luis Martínez, Spain (Scientific Advisory Board member)

15.00–15.40 Pathomics - Host-pathogen protein-protein interactomes and their influence on
the host metabolome
Project coordinator & speaker: Thomas Rattei, Germany [Abs]
15.40–16.20 FunGen - Functional genomics of host-pathogen interactions using highthroughput screenings: a novel approach towards identifying
therapeutic/prophylactic targets
Project coordinator & speaker: José Antonio Bengoechea, Spain [Abs]
Co-speaker: Carmen Buchrieser, France [Abs]

16.20–17.20

Poster session and coffee

sponsored by

(posters nº 01-19)

17.20–18.00 AntiFun - The cell wall as a target to improve antifungal therapy against
aspergillosis
Project coordinator & speaker: Axel Brakhage, Germany [Abs]
18.00–18.40 UTI-Interference - Pathogenomic approach to explore the use of bacterial
interference as alternative treatment of recurrent urinary tract infections
Project coordinator & speaker: Ulrich Dobrindt, Germany [Abs]
Co-speaker: Timo Korhonen, Finland [Abs]

18.40–19.00 General discussion
21.00

Conference Dinner at the restaurant La Vieja (in La Caleta, 15 minutes’
walk from the hotel –map-)
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Tuesday, January 24, 2012: Status Seminar for 2nd Call Projects

MORNING SESSION
SCIENTIFIC PRESENTATIONS. 2ND CALL PROJECTS
Chair: Jay Hinton, Ireland (Scientific Advisory Board member)

9.00–9.40 sncRNAomics - High throughput comparative sncRNAome analysis in major
Gram-positive human pathogenic bacteria: functional characterization by a
systems biology approach and peptide nucleic acid drug design
Project coordinator & speaker: Torsten Hain, Germany [Abs]
Co-speakers: Mobarak Abu Mraheil, Nadja Patenge & Jürgen Hemberger,
Germany
9.40–10.20 CDIFFGEN - Pathogenomic of increased Clostridium difficile virulence
Project coordinator & speaker: Maja Rupnik, Slovenia [Abs]
Co-speakers: Bruno Dupuy, France, & Adriano Henriques, Portugal
10.20–11.00 METAGUT - Development, prevention and early diagnostic detection of
Clostridium difficile-associated pseudomembranous colitis - an
interdisciplinary network
Project coordinator & speaker: Stephan Ott, Germany [Abs]
Co-speaker: Vitor Martins dos Santos, Netherlands

11.00–11.30

Coffee on the terrace

11.30–12.10 ChlamyTrans - Transcriptome-based monitoring and eradication of chronic
chlamydial infection
Project coordinator: Matthias Maass, Austria
Speakers: Kamil Önder, Austria; Mirja Puolakkainen, Finland [Abs], &
Dezso Virok, Hungary
12.10–12.50 CoMeVac - Genome wide screening of the human pathogen Neisseria
meningitidis for proteins enhancing serum resistance and evaluation of their
vaccine potential
Project coordinator & speaker: Ulrich Vogel, Germany [Abs]
12.50–13.15 General discussion
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AFTERNOON SESSION
SCIENTIFIC PRESENTATIONS. 3RD CALL PROJECTS
Chair: José Antonio Bengoechea (Scientific Advisory Board member)

15.00–15.20 ARMSA - Global analysis of antisense regulatory mechanisms in
Staphylococcus aureus
Project coordinator & speaker: Iñigo Lasa, Spain [Abs]
15.20–15.40 CELLPATH - Characterisation of host cell pathways altered by effectors of
Brucella, Chlamydia, and Coxiella: identification of novel therapeutic targets
Project coordinator & speaker: Luís Jaime Mota, Portugal [Abs]
15.40–16.00 MobileGenomics - Impact of mobile genetic elements and horizontal gene
transfer on bacteria-host adaptation: a genomics view
Project coordinator & speaker: Carmen Buchrieser, France [Abs]
Co-speaker: Philippe Glaser, France
16.00–16.20 HELDIVPAT - Helicobacter pylori diversity in pathogenesis, antibiotic
resistance, and evasion from natural and vaccine-induced immune responses
Project coordinator & speaker: Sebastian Suerbaum, Germany [Abs]
Co-speakers: Christine Josenhans, Germany [Abs] & Ivo Boneca, France [Abs]
16.20–16.40 GeMoA - A genome-wide approach for characterizing the mode of action of
novel compounds against tuberculosis
Project coordinator: Marc A. Marti-Renom, Spain
Speaker: Robert Bates, Spain [Abs]

16.40–17.40

Poster session and coffee

sponsored by

(posters nº 20-39)

17.40–18.00 LISTRESS - Analysis of the cellular mechanisms underlying the early response
of the host to stress induced by Listeria infection
Project coordinator & speaker: Trinad Chakraborty, Germany [Abs]
18.00–18.20 AspBIOmics - Biomarkers for prevention, diagnosis and response to therapy of
invasive aspergillosis
Project coordinator & speaker: Hermann Einsele, Germany [Abs]
Co-speaker: Axel Brakhage, Germany
_____________________________________________________________________________________
ERA-NET PathoGenoMics, Joint Annual Seminar on the Projects of the 2nd and 3rd Calls
January 23-24, 2012, Tenerife, Canary Islands, Spain

8

18.20–18.40 CandiCol-Understanding colonisation and the transition to pathogenic
dissemination by Candida species: towards early diagnostic and therapeutic
approaches
Project coordinator: Attila Gacser, Hungary
Speaker: Christophe D'Enfert, France [Abs]
18.40–19.00 OXYstress - Human fungal pathogens under oxygen stress: adaptive
mechanisms to hypoxia and reactive oxygen species and their consequences
for host interaction and therapy
Project coordinator & speaker: Joachim F. Ernst, Germany [Abs]

20.00–21:00

Cocktail/dinner in the hotel garden
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TALKS:
Call
Title
Authors

Project acronym
2nd
ADHERS
Revisiting biofilm and resistance in Pseudomonas-related species
Sophie de Bentzmann1*, Patrick Plésiat3, Juan Luis Ramos4, Isabel Sa-Correia6,
Soeren Molin7, Kathy Nguyen2, Matilde Fernández5, Gwenaelle Fichant8
1

Affiliations

3

CNRS/UPR9027 & 2U928/TAGC, Marseille, France ; Faculté de Médecine, Besançon,
4
6
France ; EEZ-CSIC & 5Bio-Iliberis R&D, Granada, Spain; Instituto Superior Técnico; Lisboa,
7
8
Portugal; Technical University, Lyngby, Denmark; CNRS-Université Paul Sabatier,
Toulouse, France

Failure of antibiotics to eradicate infections such as those caused by some species (Pseudomonas aeruginosa,
Pseudomonas putida and Burkholderia cepacia complex (Bcc)) has been associated with the development of
biofilm-dependent drug resistance mechanisms at the site of infection. The aim of the ADHRES-Signature project
was to elucidate how biofilm lifestyle (ADH genes) and resistance (RES) to antimicrobials are mechanistically
interconnected for pseudomonads-related species. ADHRES signatures of 46 P. aeruginosa CF clinical and
sequential strains with very different biofilm phenotypes through the time course of the disease were obtained
using MGPA Agilent microarrays; a series of 12 strains (two replicates, 24 MGPA) has been further analyzed
showing that several genes belonging to the ADH or the RES signatures are powerful in discriminating this
subset of strains. A particular ADHRES signature from a strain overproducing the response regulator PprB was
not involving EPS and is triggered by a unique association of Type IVb pili (flprcptad genes), fimbriae of the CU
(cupE genes) pathway and BapA (bap genes), a novel large biofilm-associated secreted protein, together with
eDNA release controlled by PQS-dependent activation and moreover associated with an increased aminoside
sentivity in biofilm. The identification in bacterial genomes of new candidate ADH and RES genes has been
pursued. For P. aeruginosa; Sequencing of new strains has been already done and will be continued.
Interestingly, some of the newly identified ADH genes are considerably varying in sequence from one strain to
another, a good example is given by the BapA adhesin that we characterized and which involvement in biofilm
could vary from one isolate to another. XDR phenotype (more and more resistant) of P. aeruginosa has been
deciphered in particular those various mutants overproducing the MexXY/OprM pump (agrZ, agrW1, agrW2).
agrW1 mutants failed to demonstrate mutations in the regulatory gene mexZ or in the parRS locus and mutations
were identified in one out of the four alleles of the 16S RNA and 23S RNA genes and display increased
virulence. agrW2 mutants exhibit a constitutively activated two-component regulatory system named ParRS,
which controls directly the expression of a subset of genes identified by transcriptomic analysis and verified by
EMSA including PA1797 (unknown function), PA2358 (unknown function), PA2655 (unknown function), mexX
(RND pump MexXY). A collection of 58 genotypically-different clinical strains of P. aeruginosa showing a MexXYOprM phenotype of resistance (increased resistance to aminoglycosides, fluoroquinolones, and ß-lactam
cefepime) was found to be constituted of 76 % of strains with inactivated or impaired mexZ gene, 13,8% of
agrW1 mutants, 8.6% agrW2 and 1.6% of unmapped mutants. For P. putida, combination of in silico and largescale mutagenesis approaches for determination of the genetic determinants used by P. putida KT2440 to attach
to surfaces was performed and allowed the identification of 11 new proteins with a role in P. putida adhesion and
that at least 9 reciprocal genes involved in attachment are shared by P. putida and P. aeruginosa.
Characterization of the unusual lectin-like gene (PP_1661). Indole which plays a role in antibiotic resistance of P.
putida interacts with the TtgV regulator, which is released from its operator and allows expression of the TtgGHI
efflux pump. When indole is added to the medium and in the absence of TtgABC efflux pump (the main efflux
pump that expels antibiotics in P. putida), TtgGHI is the main efflux pump responsible for the removal of these
compounds, mediating resistance to quinolones, penicillins, cephalosporins and tetracyclines. Sequencing of
different strains has been done in particular P. putida PC9 strain (backbone and plasmid) and characterization of
interesting genes involved in antimicrobial resistance on this PC9 plasmid is under process. For B.cenocepacia,
a tagged and ordered mutant bank of mini-Tn5 Tel (TelR) mutants was only constructed in the J2315 strain, since
attempts in isolates B. cenocepacia IST439 and IST4113, obtained in Portugal from a chronically infected and
clinically deteriorated cystic fibrosis patient submitted to intravenous antibiotic therapy were unsuccessful. The
J2315 bank containing 7500 clones screening for genes involved in the acquisition of resistance to different
antimicrobials and in other phenotypes relevant in the context of Bcc infection (e.g. growth under iron and/or
oxygen limitation) is under process. For example, a first screen for sensitivity and resistance to three commonly
used antibiotics in cystic fibrosis treatments (tobramycin, ciprofloxacin and imipenem) identified an ABC
transporter (BCAL0448) and a transcriptional regulator (BCAL2124) that seem to be involved in tobramycin and
ciprofloxacin resistance, respectively. A lot of data have been or is on the point to be generated and we hope to
pursue data analysis.

*Author presenting the work
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TALKS:
Call
Title
Authors

Affiliations

Project acronym
2nd
AntiFun
The cell wall as a target to improve antifungal therapy against invasive
aspergillosis
Axel Brakhage1,2,*, Olaf Kniemeyer1, Vito Valiante1, Anne Beauvais3, Francisca
Vicente4, Emilia Mellado5, Olga Genilloud4, and Jean-Paul Latgé3
1 Molecular and Applied Microbiology, Leibniz Institute for Natural Product Research and
Infection Biology, Hans-Knöll-Institute (HKI), Jena, Germany
2 Department of Microbiology and Molecular Biology, Institute of Microbiology, Friedrich
Schiller University Jena, Germany
3 Unité des Aspergillus, Institut Pasteur, Paris, France
4 Fundación Centro de Excelencia en Investigación de Medicamentos Innovadores en
Andalucía (MEDINA), Granada, Spain
5 Servicio de Micologia, Centro Nacional de Microbiologia, Instituto de Salud Carlos III,
Madrid, Spain
* Project Coordinator

Aspergillus fumigatus infections have dramatically increased worldwide. Due to the limited number
and efficacy of antifungal drugs, the mortality from invasive aspergillosis (IA) is very high. The cell
wall of A. fumigatus is a major drug target. This project aimed at elucidating the relationship
between signal transduction cascades and cell wall biosynthesis in A. fumigatus, leading to the
identification of drug-resistance mechanisms. These salvage pathways are good candidates for a
second line of treatment using drugs targeting these pathways. Functional genomic analyses, largescale mutant libraries and genetic reporter systems have been employed by 4 research groups from
3 countries.
The mitogen-activated protein kinase (MAPK) A is th ekey element of the fungal cell integrity
pathway. This pathway reacts of disturbances pof the cell wall e.g. by antifungals like caspofungi or
other stressors. Microarray and RNA seq data revealed that MpkA is not only involved in cell wall
maintaining, but plays a role also in response to reactive oxygen species, in the production of
different secondary metabolites, and it is specifically involved in siderophores production during iron
starvation. By biochemical analysis, we found that the most important external factor for the cell wall
composition is the concentration of glucose in the environment. Furthermore, a decrease in α1,3
glucan is compensated by an increase in β1,3 glucan and/or chitin. We demonstrated that the cell
wall drugs have always an impact on the chitin level. Echinocandins, calcofluor white and congo red
significantly increase the chitin amount in the cell wall whereas nikkomycin led to a decrease. This
effect has also been observed with the signalling transduction mutant ΔmpkA, which also increases
its level of chitin in presence of caspofungin. During the previous year of the project, we developed
and validated an automated fluorometric method for high throughput screening to analyse
synergistic effects of caspofungin with other natural products (NPs) using available compound
collections. Two screening campaigns were performed with 20,000 different NPs. This work
delivered 5 families of compounds including 9 pure compounds with a strong antifungal effect
synergistic with caspofungin. Moreover, the compounds were tested in liver hepatocellular cells,
using the MTT methodology. None of the identified compounds showed significant cytotoxicity.
Hence, these compounds show promising synergistic activities.
One of the objectives within this project was the development of in vivo models of fungal infection
allowing for a higher throughput screening of active compounds that can be used against A.
fumigatus. Virulence for four A. fumigatus wild-type strains have been checked in the lepidopteron
larva Galleria mellonella. Within 120 minutes after infection, different doses of voriconazole,
amphotericin B or caspofungin were administrated. In all cases, 80% of infected/untreated larvae
rd
th
died between the 3 and 4 day, while a significant survival was observed with therapeutic doses of
each antifungal at the last day of the experiment.

*Author presenting the work
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TALKS:
Title

Project acronym
2nd
CDIFFGEN
Pathogenomics of increased Clostridium difficile virulence

Authors

Maja Rupnik1*, Adriano Henriques2* & Bruno Dupuy3*

Call

1

Affiliations

Institute of Public Health Maribor, Maribor, Slovenia
Instituto de Tecnologia Química e Biológica, Universidade Nova de Lisboa, Portugal
3
Institut Pasteur, Paris, France
2

The aims of this project are to define C. difficile groups with increased virulence potential
(‘hypervirulent strains’) and to analyze their genomic heterogeneity, as well as the presence of
known and/or new virulence factors, and their regulation.
In previous work we have selected a well characterized group of C. difficile strains with higher
virulence potential (either outbreak associated or severe disease associated). This group was
paired with a control group of related (according to MLST profile) strains with low virulence potential.
Within the current reporting period representatives of both groups were sequenced and
bioinformatic tools for comparative genomics were developed by two project partners. These tools
allow phylogenetic analysis based on highly conserved markers, SNP analysis, and
presence/absence of genes in virulent strains. In addition, transcriptomic studies were conducted
that revealed differences in expression patterns between the group of endemic strains or severe
disease associated strains, when compared to the respective control strains.
In vitro selection of antibiotic resistant mutants in the presence or absence of the antibiotic showed
that some strains have higher mutation frequency and this could add to their adaptability and
therefore to virulence.
In parallel, our studies of sporulation in C. difficile have focused on three main aspects. First, we
have shown that the genes for the 4 sporulation sigma factors are part of a genomic signature for
sporulation, and we have examined conservancy of function. Second, we have used genetics and
cell biology methodologies to probe the morphogenetic pathway of spore development. We have
specifically looked for cues on colonization and dissemination in epidemic strains. Lastly, we have
studied the spore surface aiming at identifying key structural and functional determinants of i) spore
morphology, ii) spore sensing of the environment and iii) spore germination. Spore surface proteins
unique to C. difficile will also be invaluable tools in the rapid identification of the organism, or its
inactivation.
Based on the previous analysis of intergenic ribosomal sequences a new ribotyping method was
described that for the first time enables direct typing in clinical samples.
The web based WEBRIBO typing tool was improved.

*Authors presenting the work
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TALKS:

Authors

Project acronym
2nd
ChlamyTrans
Improved detection of infections due to Chlamydiae and Chlamydia-like
bacteria
Mirja Puolakkainen* and Suvi Korhonen (née Niemi)

Affiliation

Haartman Institute, Department of Virology, University of Helsinki, Finland

Call
Title

Our role is in WP 3: Data verification by in vivo infection models, and diagnostic assay development.
Our task was to collect samples from in vivo Chlamydia trachomatis infections. After the ethical
review was completed (in October 2009), samples have been collected from female patients with
suspected C. trachomatis infection visiting the University Hospital STD clinic. Now, 221 patients
have been recruited. Of them, 48 had C. trachomatis infection by nucleic acid amplification test
(NAAT) and we could culture the bacterium from 40 of the 48 RNA positive patients. A set of
specimens (cervical swabs, sera, blood) has been taken, and stored for ongoing analyses.
During this project, we have
• analyzed Chlamydia pneumoniae infection in mononuclear cells by reverse transcriptionPCR targeted to chlamydial gene transcripts (Mannonen et al. 2011)
• genotyped urogenital, rectal and pharyngeal chlamydial isolates (Niemi et al. 2011)
• established methods to detect DNA from chlamydial and chlamydia-like organisms in human
specimens (Niemi et al. 2011)
• proposed a strategy how to identify of LGV genotypes in a diagnostic laboratory in
specimens sent for chlamydial NAAT (Korhonen et al. submitted).
• studied the interaction between Chlamydiae and host cells (Korhonen et al. in press 2011a,
Korhonen et al. in press 2011b, Campbell et al. in press 2011.
In addition, C. trachomatis and C. pneumoniae genes (with and without signal sequence) have been
cloned and the corresponding proteins expressed in E. coli to be used as antigens in serology.
Conclusions:
Typing of C. trachomatis strains can be used in epidemiologic surveillance, to assess the changes
in genotype distribution and to reveal transmission patterns in sexual networks. This information is
of value in efforts to monitor and prevent spread of C. trachomatis infections. C. trachomatis
identified in rectal specimens sent for NAAT can be genotyped to facilitate prompt detection of LGV
infection.

*Author presenting the work
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TALKS:
Title

Project acronym
2nd
CoMeVac
Summary on the status of the CoMeVac project

Authors

Ulrich Vogel*1, Seppo Meri2, Muhamed Taha3

Call

1

Affiliation

University of Würzburg, Germany
University of Helsinki, Finland
3
Pasteur Institute, France
2

The CoMeVac consortium is a collaboration of the groups of U. Vogel, (Germany), Muhamed Taha
(France), Seppo Meri (Finland) and the industrial partner GSK. The aim of the consortium, which
will collaborate as an Eranet consortium until July 2012, is to identify proteins of Neisseria
meningitidis contributing to serum resistance.
A semi-throughout screen for serum resistant meningococci has been established and revealed
three mutant classes involving an adhesin, an LPS modification, and a pilus variation, the latter still
being under current investigation (manuscript in preparation).
Global regulator mutants were further analysed for altered deposition of complement factors. The
complete regulon of one promising candidate was fully elucidated by microarray analysis and
confirmed by RT PCR providing the basis to further identify effectors responsible for altered serum
resistance. At present, the DNA binding site of the regulator is characterized by in vitro assays to
complete the regulon work-up (manuscript in preparation).
The proteomic and transcriptomic comparison of three genetically related stains of the ST-41/44
complex (one invasive isolate, two carrier isolates), which differed in their serum resistance profile,
revealed two proteins contributing to serum resistance of the invasive isolate. These proteins are
currently followed in more detail regarding their complement interaction (unpublished data).
By analysis of manganese export in meningococci, MntX was identified as an important novel factor
contributing both to serum resistance and survival in animals (Veyrier, ...., Taha MK. PLoS Pathog.
2011 Sep;7(9):e1002261).
A human complement regulator transgenic mouse is currently established to allow for serum
resistance analyses in an animal model (unpublished).
In summary, workpackages and manuscripts will be finalized in the forthcoming months. The project
will contribute to the understanding of serum resistance of meningococci and interesting proteins
will be consecutively investigated for their potential as novel vaccine candidates. The new mouse
model will be of general value for future studies in the field.

*Author presenting the work
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TALKS:
Call
Title
Authors

Project acronym
2nd
FunGen
Functional genomics of host-pathogen interactions using high-throughput
screenings: a novel approach towards identifying therapeutic/prophylactic
targets
José A. Bengoechea1*, Carmen Buchrieser2, Philippe Sansonetti2, Thomas Rudel3
& Thomas F Meyer4
1

Fundación Caubet-CIMERA Illes Balears, Spain
Institut Pasteur, Paris, France
3
University of Würzburg, Germany
4
Max Planck Institute for Infection Biology, Berlin , Germany
2

Affiliations

Early views of infectious diseases presumed that the outcome of the disease was mainly dependent
on intrinsic properties of pathogens. In contrast, it is currently accepted that neither pathogen nor
host-related features can independently characterize the progress of infections. During the infection
process, pathogens try to modulate different host pathways for their own benefit. The final outcome
depends on the concerted action of a repertoire of virulence factors which, in turn, can be
counteracted by host defense systems activated by the same or other virulence factors. Therefore,
further development of our current knowledge requires undertaking large scale analysis of the hostpathogen interplay.
This project aims to identify novel pathogen determinants targeting host functions. Our efforts are
placed on the study of four important human pathogens: Legionella pneumophila, Helicobacter
pylori, Neisseria gonorrhoeae and Klebsiella pneumoniae. Crucial goals of this project are the
development of host cellular assay systems amenable to automation and the construction of
transposon-based mutant libraries of the pathogens under study. Both tools will be used in highthroughput analysis employing automatic microscopy and new clorimetric assays developed as a
result of the consortium activities. The proposed research program has already uncovered novel
virulence determinants from a collection of human bacterial pathogens targeting hitherto unknown
host pathways.
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Legionella pneumophila encodes a novel nuclear effector that promotes
intracellular replication
Rolando M1, Sanulli S2, Margueron R2 and C Buchrieser1*
1
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Institut Curie , Unité Génétique et Biologie du Développement, Paris, France

Intracellular replication of L. pneumophila depends on its ability to establish a protected
niche, a membrane-bound compartment known as Legionella-containing vacuole (LCV).
Essential for this process is the Dot/Icm type IV secretion system (T4SS) that translocates
numerous bacterial effectors into the host cell. Several of these are eukaryotic-like proteins
or carry eukaryotic domains, reflecting the co-evolution of L. pneumophila with the
eukaryotic host. Recently it has been shown that many of these are indeed critical effectors
implicated in host-pathogen interactions.
We have constructed a transposon library in Legionella pneumophila strain Paris using a
newly described transposon (EZ-Tn5, Epicentre) that contains over 30 000 clones.
Screening of transposon mutants in a A549 cell line that stably expresses a fusion protein
consisting of the NF-kB subunit p65 and GFP we searched for mutants impaired in
inducting Nf-Kb translocation to the nucleolus. Several candidate genes were identified,
two of which we investigated further. A eukaryotic like sphingosine phosphate-lyase and a
protein encoding a eukaryotic-like SET-domain (Lpp11683). The results obtained for the
SET-domain containing protein will be presented. We show that a ∆lpp1683 mutant strain
of L. pneumophila is impaired in infection of protozoan hosts and human cells. The protein
is targeted to the nucleus and its SET-domain possesses methyltransferase
activity. Biochemical analyses showed that Lpp1683 specifically methylates Histone 3. The
specific lysine modification was identified by mass spectrometry and microarray analyses
and ChIPseq experiments are undertaken to identify the targets of Lpp1683.Together with
our in vivo experiments this suggests that L. pneumophila is able to interfere with
transcriptional regulation of the host cell through Histone 3 modification.
*Author presenting the work
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Development, prevention and early diagnostic detection of Clostridium
difficile-associated colitis
Vitor Martins dos Santos1*, Anette Friderichs, Manuel Ferrer2, Andres Moya3,
Miguel Godinho4, Laia Pedrola5, Christoph Reitenschreiter6, Stephan Ott7*
1
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Pseudomembranous colitis is troublesome and costly infectious disease of the human colon mostly caused
by Clostridium difficile. This project aims:
a) to generate insights into the onset and development of Clostridium difficile-associated pseudomembranous
colitis and of its relation to (altered) gut microflora in humans, and
b) to translate this knowledge into strategies for early diagnosis and prevention.
A cornerstone of the project is the choice of the study and control groups from which samples are taken and
distributed centrally to the various groups for a broad range of thorough analysis. The study relies upon three
groups of patients: under antibiotics with diarrhea with positive detection of Clostridium difficile (classical
pseudomembranous colitis, PMC), under antibiotics with diarrhea without positive detection of Clostridium
difficile (antibiotic-associated diarrhea), and patients without diarrhea. Time points of sample collection and
resource material have been re-defined. Currently samples from 7 patients with a complete course have been
collected. Samples from 3 patients (1 from each group above) have already been distributed to the partners
for analysis. From these 3, first clone libraries have been established, and C. difficile-specific PCR assays
have been developed. Vital for the quality and consistency of analysis, a cell purification and protein
extraction method for 2D-PAGE analysis has been optimized. Preliminary proteomics analysis of these
samples revealed clear differences in the observed protein profiles. In particular, unlike the post-treatment
samples which comprised a highly diverse array of protein spots of varied molecular weights across a wide
pH range (3-11), those collected following the onset/treatment of colitis comprised a substantially reduced
number of spots which, occurring in high abundance, appear to be highly expressed during this infection
phase.
A robust platform for reactome analysis has been established to study with accuracy in a dynamic and
comparative way the metabolism of communities of resident or sporadic micro-organisms present in the
human gut from healthy and diseased patients. The active metabolic processes are tested by using small
molecules microarrays and profiling is done based on the data obtained. First results have been obtained
from 6 samples. Gut reactome profiling showed that the number of positive reactions, which can be used to
compare the degree of metabolic activity between samples, averaged around 1500 per sample. The most
active functional categories were: glycan biosynthesis and metabolism, nucleotide metabolism, amino acid
metabolism and carbohydrate metabolism. These could be related to mechanisms of signaling and
attachment, maintenance of the cellular state and obtaining energy.
The use of metabolic and genome databases such as KEGG and GOLD allowed the schematization of the
main known processes and the related known genes. The classification of the known genes related to the
human gut microbiota was defined into two classes: pathogenic related and health promoting related. The
detection of activity related to these genes through each state/sample can be correlated to affecting factors or
known measured parameters. From the patient samples, 11 active reactions linked to genes known to be
present exclusively in C. difficile.
A standard protocol for RNA extraction, mRNA amplification and random reverse transcription are being
established. Total RNA has been subjected to high-throughput sequencing and different bioinformatics
methods have been applied to analyze the sequences.
A first draft of a genome-scale metabolic model of C. difficile comprising over 800 reactions and 750 genes
was generated, providing thereby a theoretical framework that will strongly facilitate the exploration of its
cellular wiring and to interpret the sheer amount of “omics” data generated.
A preliminary joint analysis of the results show that there is a reasonable, qualitative agreement among the
various measured “omics” for each of the tested groups. This provides a good basis for interpretation of the
intrinsic differences under the set conditions and, hopefully, on the global responses and mechanisms
underlying the onset of infection.
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Pathogen-host metabolomics and interactomics

Authors

Thomas Rattei
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Bacterial protein secretion represents a key mechanism for infection and pathogenesis and enables
the modulation of infected hosts by pathogenic bacteria. The diagnostic and therapeutic potential of
this process is not limited to the secretion machineries and the segregated proteins themselves, but
includes the largely unknown effects of these proteins on the host cells. To exploit this potential, we
investigate the host-pathogen protein-protein interactomes of two human pathogens (Pseudomonas
aeruginosa and different Chlamydiae) and their influence on the metabolic system of the host cells.
1. Investigation of the transcriptional context of the secretomes: The assembly of secretion
machineries and translocation of effectors require precise spatial and temporal control of gene
expression. Therefore we are investigating the transcriptional and regulatory context of the bacterial
secretomes by deep sequencing of transcriptomes under different conditions. Parallelizing the
sequencing of transcriptomes, we have developed computational methods for the filtering and
normalization as well as the integrative interpretation of transcriptomic raw sequence reads. These
efforts are complemented by the further characterization of the Type III secretomes. The recognition
of Type III effectors by their N-terminal signal peptides has been investigated in an in silico model that
now allows the sequence based prediction of Type III secreted proteins.
2. Identification and characterization of the host-pathogen protein-protein interactomes: On the
molecular and cell biological levels, the specific effect of secreted proteins onto the infected host cells
is so far unknown for most effectors. Investigating the molecular crosstalk of pathogen and host cell
through interaction proteomics, we focused on selected pathogenicity factors from Pseudomonas
aeruginosa and Chlamydiae. We have produced retroviruses to create HelaS3 cell lines stably
carrying selected bactrial effectors proteins. These cells have been used for Tandem Affinity
purification (TAP) and further analysis of co-purified interacting host proteins via mass spectrometry
(MS). Additionally, protein-protein interactions of Pseudomonas aeruginosa PA14 with host cells have
been studied using Yeast two-hybrid (Y2H) screens and by investigating the phenotypic response of
Pseudomonas effectors in yeast. Bioinformatics approaches have been used for the identification of
putative interactors of bacterial effectors.
3. Analysis of the host-pathogen metabolomes: The systematic, qualitative and quantitative study
of small-molecule metabolites provides a complementary view to the physiology of cells, compared to
transcriptomics and interactomics. Samples from infected and not infected cells were analyzed in the
Ion cyclotron resonance Fourier transform mass spectrometry (ICR FT/MS). Cluster analysis was able
to differentiate the different biological conditions. For the metabolite annotation our web interface
MassTRIX was improved.
These three complementary approaches are performed in a very close interconnection between the
groups of the consortium and between experimental and computational approaches.
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Identification of hot spots of divergence and rapidly changing genes within
Shiga toxin-producing Escherichia coli
Alexander Mellmann*
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In this project, we will determine the progression by which genomic loci were acquired, lost, or
altered within a well-defined clade of highly pathogenic Shiga toxin-producing E. coli (STEC). Such
strains have recently emerged as causes of bloody diarrhoea and of life-threatening hemolytic
uremic syndrome (HUS), the major cause of acute renal failure during childhood. Therefore, we will
develop a roster of loci that are found in human pathogens within this clade, and determine if they
are present also in environmental STEC isolates and in adherent invasive E. coli (AIEC) isolates
from Crohn's disease. To identify rapidly evolving genes (protein coding and promoter regions) or
chromosomal domains we will (i) compare the divergence rates between the different strains by
SNP analysis and we will (ii) determine if there are regional hot spots of divergence or rapidly
changing genes. This analysis involves tracking the rate of nucleotide substitutions along the length
of the genome to determine if the divergence rate is uniform throughout the genome. Furthermore,
(iii) pair-wise comparisons and multiple alignments of orthologous genes will be performed at
nucleotide and amino acid level to characterize the evolution within rapidly changing genes. In
addition, (iv) we will study global transcriptional changes focused on the transcriptional regulatory
network within a well-defined clade. Multiple virulence factors are controlled by some specific
transcriptional factors which expression can be different between bacteria inside a clade. Finally, (v)
we will investigate the influence of these genes to the host-pathogen interaction in functional assays
(e.g., cytotoxicity assays, complement activation, adherence, invasion) to confirm the genomic
heterogeneity as reason for the variable pathogenicity.
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High throughput comparative sncRNAome analysis in major Gram-positive
human pathogenic bacteria: functional characterisation by a systems biology
approach and peptide nucleic acid drug design
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The occurrence of multi-drug-resistant microbial strains has been identified as a dramatic problem
in the past. Therefore, the need to identify innovative approaches for development of novel antiinfectives and new therapeutic targets is of high priority in global healthcare. The detection of small
RNAs (sRNAs) in bacteria as an emerging class of new gene expression regulators has attracted
considerable attention. Several experimental technologies to predict sRNA have been established
for Escherichia coli, but the role of sRNAs in colonization and pathogenicity for Listeria
monocytogenes, Enterococcus faecalis, Clostridium difficile, Streptococcus pyogenes and
Staphylococcus aureus is not well understood. Here, we report our current results about the
identification and characterization of sRNAs of these five relevant Gram-positive pathogens under in
vitro and in vivo conditions, overview the state-of-the-art high-throughput sRNA screening methods
of intergenic tiling arrays and RNA-Seq and summarize bioinformatics approaches for genome-wide
sRNA identification. Finally, we provide the proof of principle for the use of modified peptide nucleic
acids (PNAs) as therapeutics for Gram-positive pathogens to inactivate bacterial genes and sRNAs.
To increase the sensitivity in the detection of sRNAs captured by the complementary PNA, we use
superparamagnetic nanoparticles combined with a suitable magnetoelectronic device in a lateral
flow assay (LFA) format and novel software tools for diagnostic applications. We also demonstrate
our handheld prototype for rapid detection of pathogenic bacteria using PNAs and LFA.
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Streptomics
Mechanisms and modulation of innate immune responses to S. pyogenes and
S. pneumoniae
Nina Gratz1, Franz Kratochvill1, Florian Ebner1, Christina Mühlbacher1, Marton
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Streptococcus pyogenes is an important human pathogen that causes a broad range of diseases.
The bacterium colonizes the throat and the skin where it can evoke usually mild illness such as
strep throat or scarlet fever. Systemic infections with S. pyogenes are less frequent but can develop
into life-threatening diseases such as necrotizing fasciitis and streptococcal toxic shock syndrome.
The immune system launches a usually successful response that is initiated by a so far not
understood recognition of this pathogen by the cells of the innate immune system. These cells
produce upon infection a variety of cytokines that orchestrate a full blown protective response.
In the course of the project we showed that S. pyogenes is efficiently recognized by the innate
immune cells. The receptors used for recognition are however distinct from the so far known
pathogen recognition receptors (PRRs). We excluded the role of all well characterized TLRs or
NOD receptor molecules. The yet to be identified receptor signals via the adaptor MyD88 since
cytokine burst induced upon S. pyogenes infection is almost completely abolished in cells lacking
MyD88. The characterisation of the receptor is currently in progress. On the pathogen side our
efforts revealed that streptococcal nucleic acids are components of the pathogen-associated
molecular patterns (PAMPs) that induce cytokines in macrophages and dendritic cells. Both
bacterial DNA and RNA are recognized as PAMPs, depending on the cell type. Similar mechanisms
are employed by mouse and human cells. Previous reports suggested that excessive cytokine
production contributes to the severeness of S. pyogenes infections. Our findings however
demonstrate that insufficient production of cytokines renders the host more susceptible to infection.
For example, mice deficient in type I interferon signaling are more susceptible to infection. We
provide also evidence that genetically enhanced cytokine production by myeloid cells results in
resistance of mice against S. pyogenes infection.
Together, our findings reveal molecular mechanism of S. pyogenes recognition by innate immune
cells, and provide proof of principle that modulation of innate immune responses may be a useful
approach for therapies of streptococcal infections.
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Transcriptional networks controlling virulence in filamentous fungal
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Antonio Di Pietro
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Despite the advances in preventive, diagnostic and therapeutic interventions, the incidence of
invasive fungal infections (IFIs) in immunocompromised patients continues to increase. A
significant number of invasive mycoses are now associated with filamentous species (moulds). The
available therapeutic options against filamentous mycoses are limited, because they fail to respond
to existing antifungal agents, leading to the highest mortality rates for any bloodstream infections.
Aspergillus fumigatus is the major airborne human pathogenic fungus and causes lethal infections
in immunocompromised patients. Fusarium oxysporum, a devastating plant pathogen on more than
100 crops species, cause life-threatening invasive fusariosis in immunocompromised humans.
Dissemination through the bloodstream represents a critical step in systemic fungal infection. How
filamentous fungi are able to survive in the hostile blood environment is largely unknown. The goal
of TRANSPAT is to integrate genetic and transcriptomic approaches to generate a high-resolution
map of the fungal transcriptome during growth in human blood, with the aim of defining
transcriptional networks of clinical relevance in Aspergillus and Fusarium. Virulent wild type strains,
as well as knockout mutants in key transcriptional regulators essential for virulence, were exposed
to an ex vivo model in whole human blood. Using two complementary approaches, custom
oligoarrays and massively parallel sequencing of cDNA (RNA-seq), genome wide expression
profiles were generated during early stages of blood growth (0, 30, 90 minutes) and compared to
those on minimal medium (Aspergillus, Fusarium) and on tomato roots (Fusarium).
RNA-Seq analysis of the wild type strains identified hundreds of genes whose transcript levels are
significantly upregulated during blood growth of Aspergillus and Fusarium. In the trans-kingdom
pathogen F. oxysporum, groups of genes were found to be specifically induced in blood or on
tomato roots, respectively, while a common set of genes was upregulated in both infection models,
suggesting the presence of both host-specific and general infection-associated transcriptional
programs. Currently, the study is being extended both in Aspergillus and Fusarium by performing
RNA-seq of fungal gene knockout mutants in key virulence transcription factors. These include the
developmental regulator Velvet, the regulator of secondary metabolism LaeA, the iron-response
factor HapX, the nitrogen regulator MeaB, the pH response factor PacC, and the homeodomain
transcription factor Ste12. This will lead to the identication of genes whose differential expression
during infection depends on specific transcription factors, which represent potential virulence
determinants. The results of this comprehensive transcriptome analysis provide new insights into
the genetic programs that determine dissemination of filamentous fungal pathogens in the human
host, facilitating the identification of novel antifungal targets.
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Characterization of fitness traits and genome plasticity of asymptomatic
bacteriuria E. coli isolates
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Urinary tract infections (UTIs) are among the most common bacterial infectious diseases of
humans and a major cause of morbidity and mortality. Asymptomatic bacteriuria (ABU), is probably
the most common form of UTI. ABU is an asymptomatic carrier state that resembles
commensalism. In contrast to acute pyelonephritis isolates, the clinically benign nature of many
ABU isolates results from the frequent inactivation of virulence-associated determinants, consistent
with poor adherence and cell contact, which are essential to trigger the innate host response. ABU
may be described as an example of bacterial interference. During long periods of time, patients are
colonized with the same strain, and if left untreated, superinfection with other strains seems to be
hindered. Consequently, ABU protects against recurrent episodes of symptomatic recurrences.
Our understanding of the molecular basis of the ABU phenomenon as well as the clinical
effectiveness of ABU isolates to prevent symptomatic UTI is still incomplete and requires further
investigation. A thorough analysis and deeper understanding of the molecular mechanisms of
bacterial adaptation to living conditions in the host are essential for the understanding of ABU, for
the development of therapeutic strategies based on ABU E. coli strains to treat recurrent UTI, and
the identification of bacterial factors required for symptomatic infection. For this purpose, we
establish a representative collection of ABU isolates that is subjected to molecular epidemiology
and analysis of the distribution of ExPEC virulence- and fitness-associated genes. To identify traits
contributing to the ABU phenomenon, relevant genomic parts of selected ABU E. coli strains are
functionally analyzed with respect to their role in asymptomatic bladder colonization. In addition to
genome plasticity, differences in virulence gene expression seem to be responsible for the virulence
potential and for host adaptation. We therefore need a better understanding of the expression of
virulence genes and the potential of ABU strains to induce a host response upon bladder
colonization. To analyze changes in gene expression levels in response to prolonged growth of E.
coli 83972 in the urinary tract, we examine the transcriptome and proteome in selected re-isolates of
ABU strain 83972 in comparison with the “wild type” strain. The expected achievements of this
project are to improve current strategies to combat recurrent UTI by the use of alternatives to
antibiotics and the identification of alternative targets for vaccine development and therapeutic
approaches.
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Proteolytic activity of Escherichia coli as a fitness factor in the urinary tract
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The Escherichia coli strain 83972 has been isolated from a case of asymptomatic bacteriuria and is
a well-characterized, efficient colonizer of the human and the mouse urinary tract. The strain lacks
the common fimbrial types associated with uropathogenicity and is being developed as a
therapeutic colonizer of the UT. Using a murine model for UT colonization, we observed that an inframe deletion of the ompT gene reduced colonization of 83792 in the bladder. OmpT is the
prototype of omptins, a family of outer membrane β-barrel proteases detected in Gram-negative
bacteria infecting animals or plants. The colonization defect was complemented by overexpression
of ompT but not by overexpression of an OmpT D206A derivative which carries a substitution in a
catalytic residue. The result indicated that proteolytic activity is a fitness factor for E. coli 83972 in
the UT. We characterized possible degradation of urinary antibacterial proteins by E. coli 83972 and
found that the strain, but not its isogenic ompT deletion mutant, degraded the human cathelicidin
LL-37, which is a cationic antimicrobial peptide and a central innate immune defence system of the
UT. The degradation required active OmpT, and by substitution analysis we identified OmpT
residues that are important for recohnition of LL-37. The strain 83972 did not degrade TammHorsfall glycoprotein from human urine, and overexpression of ompT was required for detectable
cleavage of human β-defensin 1, indicating that LL-37 is a major physiological target for OmpT
proteolysis. Omptins cleave their target proteins after basic residues, and OmpT was found to
cleave LL-37 at lysine- or arginine-containing sites, thereby destroying the toxic region in LL-37. We
found that loss of the ompT gene is associated with sensitivity to LL-37-mediated killing and
permeabilization of 83792 cells. The ompT gene and the ability to cleave LL-37 were detected in
18/18 pyelonephritic E. coli isolates and in 8/14 faecal isolates. The results show that proteolytic
activity and degradation of LL-37 enhance growth of E. coli in the UT.
Related review:
Haiko J, Suomalainen M, Ojala T, Lähteenmäki K, Korhonen TK (2009) Breaking barriers – attack on innate
immune defences by omptin suface proteases of enterobacterial pathogens. Innate Immunity 15:67-80.
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ARMSA
Global analysis of antisense regulatory mechanisms in Staphylococcus
aureus
Íñigo Lasa (ES)*
Pascale Romby (FR)
Francois Vandenesh (FR)
Tom Geissmann (FR)
Susana Domingues (PT)
José R. Penadés (ES)

Abstract from PathoGenoMics NEWSLETTER nº 8:
This research project is dedicated to exploring
the effects of antisense RNA transcription
on gene expression in Staphylococcus aureus,
a leading cause of nosocomial and community
acquired infections. The project will determine
the transcriptome map of S. aureus using tiling
arrays and deep sequencing strategies to identify
overlapping transcription. The resulting map
will be used to analyze the stability of overlapping
transcripts; the effect of active replication of
pathogenicity islands (PI) or phages on the bacterial
transcriptome; and antisense mediated gene
regulation in bacterial populations and at single
cell level. Mutants deficient in particular antisense
transcripts or in proteins involved in antisense mediated
gene regulation will be assayed. This work
is also anticipated to provide novel S. aureus targets
for antibiotics.
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AspBIOmics
Invasive aspergillosis: Biomarkers for prevention, diagnosis and treatment
response
Hermann Einsele (DE)*
Jean Paul Latgé (FR)
Alain Troesch (FR)
Cornelia Lass-Floerl (AT)
Manuel Jurado Chacón (ES)

Abstract from PathoGenoMics NEWSLETTER nº 8:
Invasive aspergillosis (IA) infection-associated
mortality incidence is growing and increasingly
affecting a broader range of patient groups. A major
problem in the management of IA is the poor
diagnosis. This consortium proposes to develop
and evaluate an efficient diagnostic platform for
IA, based on a battery of in vitro assays for a
comprehensive multimodality analysis, combining
the detection of Aspergillus elements (RNA,
polysaccharides, proteins), host factors including
cytokine profiles and host genetic susceptibility.
This strategy also has the potential to identify patients
who are at a high risk of IA infection and to
monitor treatment progression.
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Understanding colonisation and the transition to pathogenic dissemination by
Candida species: towards early diagnostic and therapeutic approaches
Attila Gacser1 , Christophe d’Enfert2*, Ute Zeidler2, Uwe Gross3, Oliver Bader3,
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Candida albicans (Ca), Candida glabrata (Cg) and Candida parapsilosis (Cp) are the three main
yeast species that are both commensal of humans and responsible for devastating disseminated
infections. The aim of this project is to identify the attributes that are shared by or distinguish these
three species and contribute to the transition from commensalism to dissemination. To this aim, we
will establish or further develop ex vivo and in vivo models to study host colonisation and systemic
infections by Ca, Cg or Cp. Using these models, we will identify fungal and host transcriptional
patterns and fungal antigens associated with pathological colonisation or bloodstream infection.
Furthermore, by developing novel mutant strain collections (gain- and loss-of-function), we will
identify sets of fungal genes crucial for colonisation and/or dissemination. We expect to develop
novel diagnostic tools of translational value for discriminating between fungal stages of infection.
Furthermore, by identifying Candida genes necessary for these fungal stages of infection, we shall
identify targets for novel therapeutic strategies to prevent or interfere with the transition from
commensalism to pathological dissemination.
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CELLPATH
Characterisation of host cell pathways altered by effectors of Brucella,
Chlamydia, and Coxiella: identification of novel therapeutic targets
Luís Jaime Mota1*, João Paulo Gomes2, Anja Lührmann3, Carmen Plasencia4,
Isabel Rodríguez-Escudero5, and Suzana Salcedo6
1

ITQB/UNL, Portugal
INSARJ, Portugal
3
UKER, Germany
4
AROMICS, Spain
5
FF/UCM, Spain
6
CIMML/INSERM/CNRS/UM, France
2

Affiliations

Brucella spp., Chlamydia trachomatis, and Coxiella burnetii are intracellular bacterial pathogens
causing human infections of clinical and public health relevance. These bacteria use specialised
type III or type IV secretion systems to manipulate host cells by injection of bacterial virulence
proteins (effectors). We aim to increase the current understanding of the molecular mechanisms
underlying virulence of Brucella, Chlamydia, and Coxiella. This knowledge may help the design of
vaccines and the development of novel diagnostic and therapeutic approaches. To initiate the
project, we undertook screens that yielded 48 and 22 novel candidate effectors of Brucella and
Chlamydia, respectively. Experiments are in progress to validate these Brucella and Chlamydia
candidates. To date this resulted in the identification of 3 novel Brucella type IV secretion effectors.
All confirmed Brucella and Chlamydia effector proteins, together with 4 previously identified Coxiella
effectors will constitute a core of effector proteins that will be thoroughly studied in this project. To
characterise host cell pathways altered by effectors of Brucella, Chlamydia and Coxiella, we will use
DNA microarrays to analyse alterations in the host cell transcriptome resulting from the individual
tetracycline-inducible expression of effectors in stable cell lines. As a first step to generate these cell
lines, we established HeLa cell line clones containing a regulator plasmid ensuring no basal leakage
in the absence of induction and a good inducibility. Cell lines stably expressing the regulator
plasmid and individual Brucella or Coxiella effectors are currently being generated, and cell lines
stably expressing Chlamydia effectors will be constructed once we succeed at validating candidate
effectors found so far. Another approach we are pursuing to characterise host cell pathways
targeted by Brucella, Chlamydia and Coxiella relies on the expression of effectors, and effector
candidates, on the eukaryotic model organism Saccharomyces cerevisiae. So far, these studies
revealed effector proteins that caused toxicity and/or display particular subcellular localization (e.g.
plasma membrane, nucleus, particular cytoplasmic compartments) in yeast which overall could be a
tool to decipher or provide clues on effector function. Experiments are in progress to analyse
possible consequences of effector expression in yeast signalling pathways, cytoskeleton and
vesicular trafficking. To understand the molecular and cellular mode of action of Brucella,
Chlamydia and Coxiella effectors one approach is to perform specific assays in mammalian cells
ectopically expressing the effectors. To date, these experiments revealed a Coxiella effector that
increases TNF-α-induced NF-κB activation, possibly by extending degradation of IκB. In summary,
the collaboration between the different groups has followed the time schedule foreseen for the
project and has rendered 3 novel Brucella effectors and a HeLa cell line that will allow analysing in
the near future the effects on the host cell transcriptome of the regulated expression of individual
effectors. In addition, we have initiated a detailed characterization of the consequences of the
expression of individual Brucella, Chlamydia and Coxiella effectors in S. cerevisiae and in
mammalian cells. Experiments are in progress to identify more novel effectors and to analyse their
molecular mode of action and host cell pathways they target.

*Author presenting the work

_____________________________________________________________________________________
ERA-NET PathoGenoMics, Joint Annual Seminar on the Projects of the 2nd and 3rd Calls
January 23-24, 2012, Tenerife, Canary Islands, Spain

29

TALKS:
Call
Title
Authors

Affiliations

Project acronym
3rd
GeMoA
A genome-wide approach for characterizing the mode of action of novel
compounds against Tuberculosis
Lluís Ballell-Pages,1 Robert H. Bates,1* Brigitte Gicquel,2 Marc A. Marti-Renom,3
Olivier Neyrolles,4 Matthias Wilmanns5
1) GlaxoSmithKline, Diseases of the Developing World
2) Mycobacterial Genetics Unit, Institut Pasteur
3) Centro de Investigación Príncipe Felipe
4) Institut de Pharmacologie et de Biologie Structurale/CNRS
5) EMBL Hamburg Unit

One third of the world's overall population is infected with Mycobacterium tuberculosis (Mtb), the
causative agent of Tuberculosis (TB). About 95% of those cases are thought to involve a latent
infection in which Mtb rarely replicates. Nevertheless, ~10% of latent infections eventually progress
to the active disease, which, if left untreated, kills more than half of the infected patients. Mtb
infection is best described as an equilibrium involving a balance of activation and suppression of
host responses, orchestrated by a complex and dynamic series of interactions between multiple
host and bacterial components. Therefore, it is not unsurprising that single-target approaches for
the identification of lead compounds, followed by establishment of pipelines for drug discovery, have
had limited success. To address this limitation, we plan to apply genome-wide approaches to
characterize the mode-of-action of a compound library, which has been validated for its activity
against Mtb by GlaxoSmithKline (GSK), a major player in the pharmaceutical industry. Our
approach uses an alternative and highly promising route by starting rather than finishing an initial
process for lead compound characterization.
The GeMoA consortium, composed of four academic research groups and one company from three
European countries are joining efforts with the broad aim of integrating computational and
experimental approaches into an innovative platform for genome-wide characterization of the
mechanism-of-action for selected chemical compounds with activity against Mtb. Our teams will
combine medicinal chemistry, synthetic chemistry, computational chemistry, computational biology,
genomics, transciptomics, X-ray crystallography and biochemistry to address the need for
identifying new targets and compounds that can lead to unexplored new modes-of-action against
Mtb. With the goal of rapid translation from research to therapies, we will adopt an innovative and
open approach by supporting a least developed country “Patent Pool for Open Innovation”
promoted by GSK, ensuring that any potential treatments arising from this project will be fully
available to countries bearing the greatest TB burden.
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HELDIVPAT
Genome evolution of Helicobacter pylori during human infection
Sebastian Suerbaum* , L. Kennemann, I. Yang, S. Nell, P. Malfertheiner, T. Wex,
S. Woltemate, T. F. Meyer, T. Aebischer, X. Didelot, C. Josenhans
Inst. for Medical Microbiology and Hospital Epidemiology, Hannover Medical School, CarlNeuberg-Str. 1, 30625 Hannover, Germany

Introduction: Helicobacter pylori is one of the bacterial species with highest allelic diversity, due to
a high mutation rate and frequent recombination during mixed infections. In a recent whole genome
comparison study we demonstrated extensive genomic changes in four sets of sequential isolates
obtained from chronically infected Colombians (Kennemann et al., PNAS 2011). Much less is known
about genomic adaptations that may occur in the first months of infection of a new human host.
Here, we present the complete genome sequence of H. pylori strain BCS 100 (H1), a cagPAI
deficient isolate that has been used for several human challenge studies in the US and Germany,
and of reisolates obtained from four volunteers after 3 months of infection.
Results: A complete finished genome sequence was obtained for the H. pylori challenge strain H1
by a combination of 454 and Sanger sequencing. Draft genome sequences were obtained by 454
sequencing of one additional input isolate (H3) and four isolates from four volunteers belonging
either to the control group or to the Ty21a(UreA/B) vaccinated group. Additional reisolates from
volunteers were analyzed at selected loci by Sanger sequencing. We will also present first results of
the analysis of the in vivo evolution of a cagPAI carrying H. pylori strain that was used to infect
volunteers in a more recent volunteer challenge study performed at Magdeburg University Hospital.
Conclusions: In contrast to the sequential isolates from Colombia, no evidence of recombination
(import) was detected in the reisolates from infected volunteers. 1-2 novel SNPs were identified in
each of the reisolated genomes, permitting the calculation of a robust estimate for the H. pylori in
vivo mutation rate. Unexpectedly, a previously unknown variant of the input strain was detected in
several volunteers, which differed from all 16 available clones of the input strain by 86 SNPs and
three clusters of nucleotide polymorphisms (CNPs). This variant was highly represented in the
additional reisolates from the study, suggesting strong in vivo selection favoring this subpopulation
in some individual human hosts.
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HELDIVPAT
Virulence factor diversity of H. pylori in the host stomach
Christine Josenhans*, Bodo Linz, Mark Achtman, Lynn Kennemann, Sebastian
Suerbaum
Institute for Medical Microbiology, Hannover Medical School, Hannover, Germany

Helicobacter pylori is a chronic human pathogen which causes gastritis, peptic ulcer and gastric
cancer. It is genetically flexible and can exchange half of its genome during chronic mixed infection
of one human individual with more than one strain. Strains exchange large chunks of DNA by
several means and reshuffle them by recombination mechanisms. So far, mostly housekeeping
genes have been used to assess the extent of H. pylori genetic flexibility. Now, with the established
use of high throughput genome sequencing technology, whole genomes from chronically infected
individuals or within infected family members have become accessible and permitted a glimpse into
the versatility of its virulence modules and factors. This approach has allowed to ask the question
how diverse H. pylori virulence genes are and whether conclusions can be drawn about the
adaptation potential or diversifying pressure that they are subject to during the infection. This
question is particularly important when vaccination strategies or assessment of immune responses
during infection and vaccination have to be considered.
We have now asked the question how several different virulence factors change during the
organism’s persistence within the stomach.
The diversity and flexibility of the cagPAI, one of H. pylori’s most important and cancer-associated
virulence modules, has been elucidated from whole genomes and selected sequences of different
strains.
In addition, whole genome sequences have been gathered from a gerbil-adapted H. pylori strain
and in vivo reisolates of a strain derivative which have a decreased ability to adapt to metabolic
changes within the gerbil stomach.
The genetic and phenotypic changes that were discovered in these virulence factors will be
discussed in the context of host interaction.
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HELDIVPAT
Genome evolution of Helicobacter pylori during human infection

Chantal Ecobichon1,2, Ana Pelerito3, Mónic Oleastro3, Lurdes Monteiro3 and
Ivo G. Boneca*1,2
1

Affiliation

Institut Pasteur, Groupe Biologie et Génétique de la Paroi Bactérienne, Department of
Microbiology, Paris, France
2
INSERM, Groupe AVENIR, Paris, France
3
Instituto Nacional de Sáude Dr. Ricardo Jorge, Unidade de Campylobacter/Helicobacter,
Lisboa, Portugal.

Peptiglycan (PG) is an essential component of the bacterial cell wall composed of glycan
chains connected by small stem peptides. Hence, the extensive use of antibiotics that
target PG synthesis such as ß-lactams that inhibit the penicillin-binding proteins (PBPs).
Helicobacter pylori is a highly polymorphic species due to high mutation and recombination
rates. Thus, we analyzed the natural polymorphisms of H. pylori PBPs by studying 104
clinical strains and their minimal inhibitory concentration (MIC) for amoxicillin. MICs ranged
from 0,016 to 0,125 µg/ml. The three genes encoding the PBPs were amplified by PCR,
their RFLP profile analyzed and representatives sequenced. The pbp1 gene was the most
polymorphic. Interestingly, despite the absence of resistant strains, the polymorphism led
to a clustering of amino acid substitutions around the conserved SXN and KTG motifs of
PBP1, suggesting that PBP1 is under a higher selective pressure than PBP2 and 3.
Comparison with PBP1 sequences of resistant H. pylori strains, we identified 5
substitutions potentially involved in amoxicillin resistance. We introduced these mutations
or combinations of them by site directed mutagenesis in strain 26695 and determined their
MICs. Surprisingly, none conferred resistance to amoxicillin. Furthermore, two of them
were lethal for H. pylori 26695, suggesting that mutations of PBP1 might carry a fitness
cost to H. pylori. The combination of two mutations having the highest MIC was introduced
in B128 and was used for a competition experiment of the mutant versus the wild type
strain in the murine colonization model. We observed that the mutant was eliminated, with
only the wild type strain colonizing the stomach. Hence, mutations associated to amoxicillin
resistance carry a real biological cost for H. pylori in vivo. Thus, frequent amoxicillin
antibiotherapy would subject PBP1 to a strong selective pressure leading to increased
polymorphism but fitness burden would rapidly lead to counter-selection of these resistant
clones.
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LISTRESS
Analysis of the cellular mechanisms underlying the early response of the host
to stress induced by Listeria infection
T. Chakraborty1*, T. Hain1, P. Cossart2, M. Lecuit2, L. Jaensch3, F. García-del
Portillo4, D. Cabanes5, A. Herskovits6, Y. Aharonowitz6
1

Justus-Liebig University Giessen, Germany
Institut Pasteur, Paris, France
3
Helmholtz-Centre for Infection Research, Braunschweig, Germany
4
Consejo Superior de Investigaciones Científicas (CSIC), Madrid, Spain
5
Institute for Molecular and Cell Biology (IBMC), Porto, Portugal
6
Tel Aviv University, Israel
2
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The death toll caused by infections with pathogenic microorganisms is still highest among human
diseases. This worldwide public health threat is even increasing because of new pathovariants
spread by global tourism, enhanced resistance to antiinfective drugs, potential bioterrorist attacks,
etc. Concurrently, the advent of functional genomics technologies allows the rational, systematic
unravelling of pathogenesis-related genes thereby identifying new targets for diagnostics,
therapeutics, and prevention. Here we report the first results of our project “Analysis of the cellular
mechanisms underlying the early response of the host to stress induced by Listeria infection LISTRESS”. Building on resources developed in our previous proposal including mutant libraries for
all cell wall-associated proteins, we analyse the role of the Listeria factors that induce posttranslational modifications and organelle remodelling to overcome ER stress and autophagy. The
project is aimed at identifying listerial ligands as well as their intracellular pathogen recognition
receptors (PPR’s) and connecting them to downstream events leading to the induction of innate
immune signalling pathways. By combining functional genomic strategies to examine bacterial and
host factors, we also wish to identify and map interactions between listerial effector ligands and host
proteins in these processes. In addition, clinical material deriving from patients with inflammatory
bowel disease harbouring mutations in predisposition loci involving nucleotide-binding
oligomerization domain NOD genes, ER stress (XBP-1) and autophagy (ATGL16L) is used to
examine the contribution of these processes to limiting bacterial replication in a clinical setting.
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MobileGenomics
Impact of mobile genetic elements and horizontal gene transfer on bacteriahost adaptation: a genomic view
Buchrieser C1*, Glaser P1, Dobrindt U2, Schubert S3, Reidl J4, Smokvina T5
1

Institut Pasteur, Paris France
University of Munster, Germany
3
Univeristy of Munich, Germany
4
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Danone, France
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Horizontal gene transfer (HGT) plays a major role in the diversification and the evolution of bacterial
species. It contributes to the rapid evolution and to the emergence of specific lineages through the
gain of new properties resulting of en bloc acquisition of several genes like those conferring new
metabolic capacities, adhesion properties or antibiotics resistance. The transfer mechanisms may
involve transformation, transduction mediated by phages or conjugation involving diverse mobile
genetic elements (MGE). HGT may take place within the same species or between closely related
ones, but also among more distantly related bacteria sharing the same environment and even with
archea and eukaryotes. Thus HGT is a central question in the study of the evolution of bacteria and
it is a key issue to understand the emergence of specific clones and the rapid adaptation to
changing environments like those encountered during the interaction with a host either as a
commensal, a probiotic or as a pathogen and in the shift from a commensal to a pathogen.
The aim of the MobileGenomics ERA-NET consortium, which consists of six groups working in
France, Austria and Germany is to study mobile genetic elements (MGE) belonging to different
families (plasmids, integrative conjugative elements and pathogenicity islands (PAI)) and horizontal
gene transfer (HGT) in two complementary systems and environmental niches (the human gut
environment and the upper and lower respiratory tract) inhabited by commensals, probiotics and
important opportunistic bacterial pathogens. The bacteria analysed are Escherichia coli (pathogen,
commensal and probiotic), Streptococus agalactiae and S. gallolyticus (commencal and pathogen),
Legionella pneumophila (opportunistic pathogen) non typable Haemophilus influenzae (commensal
and pathogen) and Lactobacillus (commensal and probiotic). By studying different model systems
we want to identify common and specific mechanisms of niche adaptation, survival in harsh
condition, colonization and virulence acquisition. We are applying a combined analytical and
bioinformatics approach which will take advantage of the large amount of available genomic data,
apply new generation sequencing and experimental approaches to study the underlying mechanism
and the functional impact of this genome variability.
This talk will present first results achieved in the MobileGenomics consortium, which will be
complemented by presentations by individual project partners.
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OXYstress
Human fungal pathogens under oxygen stress: adaptive mechanisms to
hypoxia and reactive oxygen species and their consequences for host
interaction and therapy
Joachim F. Ernst (DE)*
Jesus Pla (ES)
Axel Brakhage (DE)
Enrique Herrero (ES)
Cornelia Lass-Flörl (AT)
Christian Leggewie (DE)

Abstract from PathoGenoMics NEWSLETTER nº 8:
The proposal is based on the fact that invasive
pathogens frequently interact with the human
host in niches low in oxygen, often associated
with increased levels of reactive oxygen species
(ROS) and carbon dioxide. During systemic infections,
pathogens often encounter and adapt
to numerous hypoxic niches within tissues,
organs and cells. The proposal unites an international
panel of experts to clarify and exploit the
molecular mechanisms of fungal responses and
host interactions under oxygen stress in vitro and
in experimental models of infection. In particular,
differences between host-pathogen interactions
under hypoxia and normoxia will be established.
The study includes the development of novel fluorescent
reporters for hypoxic infections, and the
identification of both diagnostic biomarkers and
novel targets for antifungal drugs.
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Mining sequence similarity and microsynteny for functional inference
Virginie Calderon1*, Roland Barriot1, Sophie de Bentzmann2, Yves Quentin1 and
Gwennaele Fichant1
1

Affiliations

Université de Toulouse,UPS,Laboratoire de Microbiologie et de Génétique Moléculaires,
Centre National de la Recherche Scientifique, 31000 Toulouse, France
2
Aix Marseille Université, Laboratoire d’Ingénierie des Systèmes Macromoléculaires, Centre
National de la Recherche Scientifique, 13402 Marseille, France

Thousands of complete prokaryotic genomes will be available in a near future. In this context, one
crucial step for subsequent analyses is the identification of genes and systems fulfilling the same
function across genomes. Current methods for the analysis of protein and domain families yield to
profile definitions that when applied on multigenic families still displays high paralogy rates.
We propose an original approach based on a simultaneous mining of sequence similarity and
microsynteny. We use a refinement of the orthology relationships, named isorthology. The key
principle is to make use of microsynteny as an indication of evolutionary and functional relatedness:
for a given gene, its genomic neighbors are also taken into account.
To infer isorthology, we assign this relationship between sequences for which no duplication event
occurred after speciation. Such constraints maximize the chances that the gene functions have not
evolved and specialized too drastically since the speciation event. Applied on all pairs of genomes,
it leads to a graph, in which nodes correspond to genes and edges represent isorthologous links.
The expected graph should be composed of connected components corresponding to sets of
isorthologous genes. However, due to complex evolutionary histories (gene duplications or losses),
the isorthology function still identifies false links in real biological data. To detect and remove such
links, a graph partitioning method, MCL (Dongen, 2000), is applied in order to isolate sets of true
isorthologs.
The principle of the whole strategy is as follows. For each gene matching a signature of interest, its
neighbors on the genome are added to the set. For each gene of the set, isorthologs are retrieved in
the other genomes and the isorthology graph is built. After partitioning, clusters of isorthologous
genes are identified. As microsynteny and isorthology relationships can be represented
simultaneously in a matrix, we use a biclustering method (Bergmann et al., 2003) to identify sets of
genes (biclusters) whose members are both linked (i) by isorthology across genomes and (ii) by
microsynteny within a genome.
By applying this strategy, we correctly separate the essential ssb gene, involved in DNA replication,
recombination and repair, from the ssb gene involved in the competence physiological state. This
approach allows to highlight a conserved genomic context specific to a set of genomes.
We carried out a second experiment on the members of the Chaperone-Usher (CU) pathway
whose members form a multigenic family. The CU pathway is one of the mechanisms involved in
appendage structure biogenesis at the surface of Gram-negative bacteria, facilitating the
attachment of bacteria to the host tissue and promoting biofilm formation. Genes involved in CU
pathway are clustered into operons encoding, at minimum, three different proteins: an outer
membrane protein called the usher, a periplasmic chaperone and at least one fimbrial subunit. Our
approach could identify sets of isortholog CU systems that don't challenge but refine the
classification obtained by Nuccio and Bäumler (2007) by detecting sub-sub families.
This approach opens a variety of possibilities in comparative genomics. It can be applied on a single
gene or on protein assemblies and pathways.
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Transcriptomic and proteomic analyses reveal Burkholderia cenocepacia
adaptive strategies to long-term colonization of the lungs of a cystic fibrosis
patient under antimicrobial therapy
Nuno P Mira*, Andreia Madeira, Pedro Santos, Carla Coutinho, Ana Sílvia Moreira,
Ana Pinto-de-Oliveira and Isabel Sá-Correia
IBB- Institute for Biotechnology and Bioengineering, Centre for Biological and Chemical
Engineering, Department of Bioengineering, Instituto Superior Técnico, Technical University
of Lisbon, Portugal

Pulmonary colonization of cystic fibrosis (CF) patients with Burkholderia cenocepacia or other
bacteria of the Burkholderia cepacia complex (Bcc) is associated with worse prognosis and
increased risk of death. During colonization, the bacteria may evolve under the stressing selection
pressures exerted in the CF lung, in particular, those resulting from challenges of the host immune
defenses, antimicrobial therapy, nutrient availability and oxygen limitation [1, 2]. Understanding the
adaptive mechanisms that promote successful colonization and long-term survival of B.
cenocepacia in the CF lung is essential for an improved therapeutic outcome of chronic infections.
To get insights into the strategies adopted by B. cenocepacia to survive and resist host defense
mechanisms and therapeutically administered antibiotics, the transcriptomes and proteomes of two
clonal variants retrieved from a chronically infected CF patient (2) were compared, based on DNA
microarrays and two-dimensional difference gel electrophoresis (2D-DIGE)[3,4]. One of the isolates
examined, IST439, is the first B. cenocepacia isolate thought to have started the infection and the
other clonal isolate, IST4113, was obtained three years later being more resistant to different
classes of antimicrobials[2,3]. Results indicate the up-regulation in IST4113 of genes/proteins
involved in translation, nucleotide biosynthesis, iron uptake (in particular genes of the ornibactin
biosynthetic cluster) and drug efflux. Alterations related with adaptation to the nutritional
environment of the CF lung and to oxygen-limitation are also suggested to be a key feature of the
transcriptional reprogramming occurring during long-term colonization and the progression of the
disease.
[1] Coutinho et al., Long-term colonization of the cystic fibrosis lung by Burkholderia cepacia complex bacteria:
epidemiology, clonal variation and genome-wide expression alterations, Frontiers in Cellular Infection and
Microbiology (in press)
[2] Coutinho et al., Infect Immun, 79:2950-60, 2011
[3] Madeira et al., PROTEOMICS 11:1313-28, 2011
[4] Mira et al., Genomic expression analysis reveals strategies of Burkholderia cenocepacia to adapt to cystic
fibrosis patients airways and antimicrobial therapy, PLoS One (DOI: 10.1371/journal.pone.0028831)
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Comparison of high-throughput technologies in the pathogenic fungus
Aspergillus fumigatus using RNA-Seq
Sebastian Müller1, Clara Baldin2,3, Marco Groth4, Konrad Grützmann5, Reinhard
Guthke1, Olaf Kniemeyer2, Axel A. Brakhage2,3, Vito Valiante2*
1

Affiliations

Systems Biology/Bioinformatics, Leibniz Institute for Natural Product Research and
Infection Biology - Hans-Knöll-Institute (HKI) Jena, Germany
2
Molecular and Applied Microbiology, Leibniz Institute for Natural Product Research and
Infection Biology - Hans-Knöll-Institute (HKI) Jena, Germany
3
Department of Microbiology and Molecular Biology, Institute of Microbiology, Friedrich
Schiller University Jena, Germany
4
Leibniz Institute for Age Research, Fritz Lipmann Institute (FLI), Jena, Germany
5
Jena Centre for Bioinformatics, Friedrich Schiller University Jena, Jena, Germany

The filamentous fungus Aspergillus fumigatus has become the most important airborne fungal
pathogen causing life-threatening infections in immuno-compromised patients. Recent
developments in high-throughput transcriptome or proteome technologies such as microarrays,
RNA-Seq, and LC-MS/MS are getting more and more popular to investigate organisms
systematically. In particular, for transcriptome studies, several new techniques have emerged.
Here, we conducted a comprehensive comparison of five microarray studies based on four
different platforms, 2 RNA-Seq studies from different laboratories as well as a 2D DIGE proteome
study. Further, we highlighted the potential for paired-end RNA-Seq data to investigate A.
fumigatus transcriptome by applying it to the wild type and the A. fumigatus ΔmpkA mutant. The
mpkA gene codes for a Mitogen Activated Protein Kinase that represents the central element of
the A. fumigatus cell wall integrity signalling pathway. The ΔmpkA mutant strain exhibits sensitivity
to cell wall disturbing compounds, oxidative stress and heat shock. The function of this gene was
also related to polyamines metabolism and iron depletion response.
Using RNA seq, we were able to identify a substantial number of novel transcripts, to detect
hundreds of SNP's, new exons, untranslated regions, thousands of new splice junctions and found
evidence for widespread alternative splicing events. Even more, many known and unknown gene
clusters, which are involved in secondary metabolite production, were differentially regulated.
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Sporulation and the genetic landscape of Clostridium difficile
dos Vultos1, T, F. Pereira1, E. Camiade2, M. Monot2, B. Dupuy2 and
A. O. Henriques1*
1
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Microbial Development Laboratory, Instituto de Tecnologia Química e Biológica,
Universidade Nova de Lisboa, Oeiras, Portugal
2
Laboratoire Pathogenèse des Bactéries Anaérobies, Institut Pasteur, Paris, France

Clostridium difficile, is currently a major cause of nosocomial diseases associated to antibiotic
therapy in adults, as well as a growing concern in the community. Being a strict anaerobe, spores
produced by C. difficile are the primary cause of dissemination of the organism in the environment,
and hence the major vehicle in transmission from host to host. As such, it has been suggested that
the efficiency and rate of spore formation could be a factor contributing to the virulence of specific
strains. Here, we examined the sporulation properties of a group of 12 strains with increased
virulence potential (HPV), in comparison with a collection of highly related but low virulence
potential strains (CON). We found that when the spore titer was examined 72h after inoculation, no
major differences were observed among the studied strains. However, when measured at the
earliest time point at which spores could be confidently detected, we noticed that the spore titer was
higher for the HPV strains in comparison with the control (non-epidemic strains). Furthermore, the
titer of spores differed among the HPV strains by a factor of 2-5. We posit that strains reaching a
titer of spores 2-5 times higher than others, earlier, may show increased fitness and hence that
even small differences in sporulation could have a disproportionate impact in dissemination. A key
feature reportedly important for efficient sporulation by C. difficile, is the interruption of the gene,
sigK, for the late mother cell-specific σK factor, by a 14.7kb prophage-like element called skin. Other
than the developmental-controlled excision of the skin element, no other mechanism is known in
this organism that could restrain the time of σK activation. Therefore, and because we have shown
that σK is not an absolute requirement for sporulation in C. difficile, it may be that skin prevents the
premature activity of σK which would otherwise interfere with spore morphogenesis. Several of the
strains herein examined had a smaller skin element. Unexpectedly, in several strains the sigK gene
was not interrupted. Thus, disruption of the sigK gene did not correlate with efficient sporulation for
the 24 strains examined in this study. It follows that the requirement for the insertion of a skin-type
element within sigK for efficient sporulation, must strongly depend on the genetic landscape of a
specific strain. These other determinants for efficient sporulation are not presently known. They may
be part of the characteristics that contribute to the increased virulence of certain strains.
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Clostridium difficile, is currently a major cause of nosocomial intestinal diseases associated to
antibiotic therapy in adults, as well as a growing concern in the community. Certain emerging strains
have been associated with increased severity and mortality of C. difficile infections. Their
pathogenicity is mainly due to the production of two enterocytotoxins TcdA and TcdB. However,
other factors seem to contribute to the physiopathology of C. difficile, such as adaptation and host
colonization. The objective of this project was to define genes associated with the emergence and
the increased virulence of C. difficile.
Our strategy was to select high potential virulence strains (HPV) associated with phylogenetically
close control strains (CON) and conduct comparative pairwise genetic and transcriptomic analyses
using second generation sequencing methods. The HPV group is composed of prevalent strains
selected by their ribotype as well as “severe” strains selected using clinical criteria. The control
strains were chosen using three typing methods widely used in hospitals (Ribotyping, Toxinotyping,
MultiLocus Sequence Typing). Compared to the HPV group strains, each prevalent control only
differs in ribotype, whereas each severity control shows no typing differences.
For each sequenced strain we reconstructed a scaffold with the “Velvet” software. Annotated coding
sequences were detected by MicroScope, a platform for microbial genome annotation. Finally,
genes identified through transcriptomic studies were investigated using the “BLAST” algorithm. To
handle this massive amount of data, a data managing visualization interface was established, which
allows us to quickly and easily compare genetic and transcriptomic data for each HPV/CON pair.
Concerning the prevalent couples, and despite the ribotype differences between strains, few gene
differences were found whereas differences in genes expression were high. Most of genes
differences were associated with genes coding for regulators and proteins of unknown function.
Moreover the transcriptomic data revealed that sporulation, fermentation and stress encoding genes
are particularly over expressed in the prevalent strains. On the contrary, the gene content differed
for the couples of severe strains was high and their expression genes differences low when
compared to the control strains, despite their identical typing. Although main gene differences are
composed of unknown function genes, we found genes predicted to be involved in stress responses
or in the assembly and function of secretion systems that may contribute to increased virulence.
Importantly, expression of some of these genes is detected through transcriptomic studies.
In all, our data suggest that prevalence factors seem to be based on cell-process regulation
whereas severity factors are not only patient dependent but could also be based on specific genes.
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PCR ribotyping, a method based on size variation in 16S-23S rDNA intergenic spacer region (ISR),
is the most widely used method for typing of Clostridium difficile, particularly in European reference
laboratories. The rRNA operon is present in several copies in the C. difficile genome that differ in
the length of ISRs. Therefore the amplification of ISRs with a single primer pair results in a pattern
of bands ranging from 200 - 700 bp. The presence or absence of tRNA genes and spacers of
different lengths separated with direct repeats are responsible for the size variability seen in the
ISRs and which, as suggested by Indra et al. (JMM, 2010) could result from a slipped-strand
mispairing and/or homologous recombinations.
The aim of this study was to further explore the extent of diversity in C. difficile ISRs and to see if
there are some type or lineage specific markers within the ISRs that could be used for rapid
identification of strains, which are more likely to cause severe disease. ISRs of a total of 24 strains
from 22 different PCR ribotypes were amplified. PCR products or fragments excised from the gel
were then cloned and sequenced. More than 300 sequences were obtained (ISR sequences of
published C. difficile genomes, strains 630, R20291 and CD196, were also included in the analysis).
To remove the sequence variability that could have resulted from sequencing errors, sequence
clustering with 99 % identity was performed and only the representatives of non-redundant sets (n =
86) were then used for further analysis.
All 86 representatives of non-redundant sets could be described with one of the 20 different
sequence variants which coincide also with the sequence length. Moreover, our results show that
ISRs of different ribotypes that are of the same or comparable sizes have also very similar
sequence and hence PCR ribotyping reflects this relatedness. As the difference in the length of the
ISR can be as little as 2 bp our data favor the use of capillary sequencer-based PCR ribotyping as it
is discriminatory enough to detect such a small differences. We did not find any sequences that
would be ribotype specific. However, the start and the end of the ISR sequences are very
conserved which enabled us to modify the existing PCR ribotyping. By developing new C. difficile
specific primers we have established novel typing method that can be used for direct detection of C.
difficile ribotypes in stool samples and hence shorten the time to typing result from 4 days to 1 day
(Janezic et al., JCM, 2011).
Comparison of similarities between PCR ribotypes (M-Locarna software was used for the alignment
and UniFrac to assess the similarity of PCR ribotypes) showed that ribotypes that cluster together
using the capillary gel electrophoresis-based PCR ribotyping also cluster together when the
sequences of ISRs are compared. This indicates that PCR ribotyping reflects a phylogenetic
relatedness of C. difficile strains.
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Current publications on comparative analysis of Clostridium difficile strains focused mainly on strains
of ribotype 027. In contrast we present here a comparative genome analysis of genome sequences
of 44 different Clostridium difficile strains belonging to 22 distinct ribotypes.
To handle the huge amount of data we implemented a relational database where data from various
file formats (e.g. FASTA, BLAST output or Genbank) can be imported and analysed.
To investigate the phylogenetic diversity among the 44 C. difficile strains with the software package
ARB, we computed 14 different phylogenetic trees based on the nucleotide sequence of 14 different
phylogenetic marker genes. These markers were the genes for 3 ATPases, 3 RNA polymerases, 2
DNA gyrases, 2 heatshock proteins, 1 recombinase, 2 elongation factors and 1 initation factor. For
each computed phylogenetic tree (except the tree based on the elongation factor Tu) we found that
strains of the same ribotype belong to the same node of the trees, which means that strains of the
same ribotype are phylogenetically more related.
Within our dataset that covers a broad range of C. difficile strains, we elucidated differences and
similarities in gene content within strains of the same ribotype and within strains of different
ribotypes we implemented a bidirectional NCBI BLAST. Using this approach we computed
conserved and specific genes for the C. difficile genomes. We found out that the number of
conserved genes depends on the ribotype of the strain. In accordance to the phylogenetic analysis
there is a strong correlation between strains of the same ribotype. We also looked for genes that are
specific for a certain phenotype.
Knowing similarities and differences on the gene level, the third aspect of our analysis covers the
detection of Single Nucleotide Polymorphisms (SNP). Using the software MUMmer for the SNP
analysis we clarify which genomic regions are more susceptible to SNPs than others. For example
we identified one region that seems to be specific for strains of ribotype 078. That region comprises
non-coding regions and a gene annotated as a protein tanslocase subunit secA. Generally we found
that the number of SNPs depends on the ribotype of the genome.
Altogether the phylogenetic analysis unexpectedly proved so far that strains of the same ribotype
are phylogenetically more related to each other and that ribotype 078 is the most distinct group.
In the future we will also focus on more detailed comparisons of C. difficile strains of the same or a
different phenotype like e.g. pathogenicity. Our goal is also to figure out which of the genes are
specific for strains of a certain phenotype.
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Morphodynamics of spore differentiation in Clostridium difficile
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Clostridium difficile is a strict anaerobic spore-forming bacterium and the major causative agent of
nosocomial diseases associated to antibiotic therapy in adults. Spores produced by C. difficile are
highly resistant, infective and are the primary cause of transmission in health care institutions.
Despite the central importance of spores in the pathogenesis of C. difficile, a detailed description of
the cell differentiation process leading to spore formation in this organism is lacking. Evidence
suggests that the main morphological stages of sporulation are conserved in the Clostridia.
Moreover, the four cell type-specific RNA polymerase sigma factors that govern developmental
gene expression in the well-studied model organism Bacillus subtilis are present in the C. difficile
genome. In B. subtilis, σF in the forespore, and σE in the mother cell, control early stages of
development, and are replaced by σG and σK, respectively, which control the final stages of
development. Using a recently developed genetic system based on the use of type II introns
(ClosTron), we have inactivated sigF, sigE, sigG and sigK of C. difficile. Disruption of sigF, sigE and
sigG abolishes spore formation and their function largely conforms the B. subtilis paradigm. In
contrast we found that σK is not essential for sporulation. Rather, σK appears to be specifically
required for the release of the spore from the mother cell into the surrounding medium. Because the
sigF mutation confers the earliest specific block in the sporulation pathway the mutant was used to
assess the requirement for sporulation for colonization. We found that cells of a sigF mutant
colonized human flora-associated mice with the efficiency of wild type C. difficile cells. While not
ruling out a role in the process, our results show that sporulation is not an absolute requirement for
colonization.
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Functional characterization of an abundant component of the Clostridium difficile
spore surface layers
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Clostridium difficile is a strict anaerobic spore-forming bacterium, a major causative agent of
nosocomial diseases associated to antibiotic therapy in adults, and a growing concern in the
community. Spores produced by C. difficile are the primary cause of transmission in health care
institutions. Despite the central importance of spores in the pathogenesis of C. difficile, our
knowledge of the spore-related mechanisms involved in host colonization and infection is still
incomplete. Here, we show that a 17 kDa cysteine-rich protein, termed Sp17, is an abundant
component of the C. difficile spore surface. Sp17 is exposed at the spore surface, as suggested by
both trypsin susceptibility and immunofluorescence. We show that Sp17 undergoes extensive
multimerization both in vitro and at the spore surface. Although synthesis of Sp17 is not restricted to
sporulating cells, immunofluorescence studies indicate that during sporulation, the protein is
produced under the control of the forespore-specifc regulators σF, and σG. Sp17 has been
previously shown to be an important for infection in a mouse model. Therefore, our study unveils a
link between the spore surface and infection. Moreover, Sp17 is unique to C. difficile and can be
immunologically detected in spores of a panel of strains which includes several hypervirulent
isolates, but not in spores of other Clostridium or Bacillus species. Hence, in addition with its
apparent role in pathogenicity, we suggest that Sp17 can be used as a marker for the rapid
immunodetection of C. difficile spores.
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Clostridium difficile is currently one of the important pathogens causing health-associated infections.
Several factors are contributing to outcome of infection and spread within the setting (including poor
hospital hygiene, host factors and combination of bacterial virulence factors). Some genotypes (e.g.
PCR ribotype 027, 078 and 017) are often associated with large outbreaks with increased disease
severity and mortality. For these genotypes properties such as toxin production, sporulation and
adhesion were well studied. However, nothing is known so far about possible hypermutable
character in C. difficile that could contribute to the adaptation to the environment. In ERA NET
Pathogenomic project CDIFFGEN we have combined two approaches to determine whether
increased genomic variability could be associated with endemicity and increased virulence.
With in silico approach we compared genomes of 44 different C. difficile genomes and defined
regions with high level of SNPs. In parallel, we made studies on phenotypic level. Eight C. difficile
were tested on their ability to develop antibiotic resistance in the absence or presence of
subinhibitory concentrations of fluoroquinolone antibiotic levofloxacin (LE). After incubation in BHI
media with or without subinhibitory concentration of antibiotic, aliquots were cultured either on
plates without LE or on plates with different concentrations of LE (2, 4, 6, and 8 µg/ml). Mutation
frequency was calculated by dividing CFU on plates with antibiotic with CFU on plates without
antibiotic.
Tested strains differed in mutation frequencies. Average mutation frequency (AMF) for strains,
calculated for selection with 4 µg/ml of LE varied between 3,18E-05 (strain E1) and 2,42E-03 (strain
E17). AMF calculated for selection with 6 µg/ml of LE was lower than obtained with 4 µg/ml of LE.
Highest value was 1,17E-03 (strain E27), but for some strains it was bellow our limit of detection.
Results showed slightly higher mutation frequency if strains grown in subinhibitory concentration of
LE as compared to growth without antibiotic but the differences were not statistically significant.
In the subsequent work we are comparing regions with higher SNP levels (“hypermutable” regions)
in wild type strains and mutants obtained as described above to detect possible mutations in the
region outside antibiotic selection (gyrase).
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Recruitment of PI3 kinase to caveolin 1 determines the switch from the
extracellular to the disseminating stage of gonococcal infection
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Neisseria gonorrhoeae causes mainly local infections but occasionally invades the blood stream
thereby initiating disseminating gonococcal infections (DGI). Gonococcal type 4 pili (T4P) stabilize
local infections by mediating microcolony formation and inducing anti-invasive signals. Outer
membrane porin PorBIA, in contrast, is associated with DGI and facilitates the efficient invasion of
gonococci into host cells. PorBIA binds to the scavenger receptor expressed on endothelial cells
(SREC1) under low phosphate conditions, as found e.g. in the vascular system. Here we
demonstrate that both, T4P-mediated inhibition of invasion and PorBIA-triggered invasion utilize lipid
rafts and signaling pathways that depend on phosphorylation of caveolin-1 at Tyr14 (Cav1-pY14).
We identified the p85 regulatory subunit of PI3 kinase (PI3K) and phospholipase C gamma1
(PLCγ1) as new, exclusive and essential interaction partners for Cav1-pY14 in the course of PorBIAinduced invasion. Active PI3K induces the uptake of gonococci via a novel invasion pathway
involving protein kinase C and Rac1. Thus the SREC-I/PorBIA interaction triggers a novel route of
bacterial entry into epithelial cells and offers first mechanistic insight into the switch from local to
disseminating gonococcal infection.
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Comparative genomic analysis of K. pneumoniae strains: identification of
putative virulence related genes
Leticia M.S. Lery*, Lionel Frangeul, Sylvain Brisse, Philippe Sansonetti, Regis
Tournebize
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Klebsiella pneumoniae strains are responsible for a variety of diseases in humans and animals,
such as urinary tract, respiratory tract and blood infections, as well as liver abscesses,
rhinoscleroma and athropic rhinitis. Some factors implicated in the virulence of K. pneumoniae have
been described, such as the capsule, lipopolysaccharide, iron scavenging systems, and adhesins.
However, they are not equally expressed by strains causing different diseases. In order to elucidate
genetic features that underlie K. pneumoniae virulence, the genome of 5 strains were sequenced
and compared to the 4 previously available genomes. Comparing phenotypic and genomic
differences in diverse K. pneumoniae strains, putative candidate virulence genes are suggested.
Here is presented the comparative analysis of the 9 genomes, highlighting functional aspects that
shed light on bacterial virulence. The discussion is focused on new putative virulence related genes,
specific of the strain K. pneumoniae CIP 52.145, a K2 highly virulent isolate.
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Functional genomics of host-Klebsiella pneumoniae interactions using highthroughput screenings: a novel approach towards identifying
therapeutic/prophylactic targets
A. Tomás1*, C. Pérez-Gutiérrez1, L. Lery2, V. Martínez1, R. Tournebize2, P.
Sansonetti2 and J.A. Bengoechea1
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Klebsiella pneumoniae is a Gram negative pathogen causing a wide variety of illnesses, from
urinary tract infections to community acquired pneumonia, being particularly virulent in
immunocompromised patients. Many K. pneumoniae strains can easily develop resistance to
multiple antibiotics making difficult their use in current therapy of chronically affected patients.
Therefore, there is an increasing need for the identification of new therapeutic targets. A hallmark of
K. pneumoniae pathogenesis is the subversion of the host inflammatory machinery mediated by
inhibition of NF-κB activation. The present work aimed at identifying the K. pneumoniae factors
implicated in this blockage by means of high-throughput techniques. A saturated mutant library of K.
pneumoniae strain 52145 was constructed using the pRL27 minitransposon. About 5,300 mutants
were generated corresponding approximately to a 1X genome coverage. Random insertion of the
transposon was verified by direct genomic sequencing of approximately 250 clones. A new indicator
cell line was developed by stable transfection of the pNiFty2-SEAP vector (Invivogen) into the A549
cell line, a lung epithelial cell line commonly taken as a model of type II pneumocytes. The pNiFty2SEAP vector contains five NFκB recognition sites tagged with the reporter gene SEAP which is a
secreted form of human embryonic alkaline phosphatase. SEAP catalyzes the hydrolysis of
pNitrophenyl phosphate and its activity can be measured by means of a colorimetric assay using
the Quantiblue reagent (InvivoGen). A functional assay to read-out K. pneumoniae mediated
activation of NFκB-SEAP was successfully established in 96-well plate format for high-throughput
screening. The wild type strain as well as several mutants that have proven more inflammatory
(capsule mutant, ompA mutant and ompA-capsule mutant) were used as internal controls. Cells
were infected at a moi~100:1 for 3h, and then gentamicin (100μg/mL) was added to the medium.
The following day, SEAP activity was measured on the supernatant by a colorimetric assay. The zscore was calculated for each plate and the cut-off threshold was set at z-score above 2. The
complete mutant library was run once and putative positive clones were validated in four
independent runs. A total of 118 candidate clones were obtained and directly sequenced for
determining the site of insertion of the transposon in the genome. Candidates were classified based
on their biological function. The categories where most candidates were included were outer
membrane and envelope-related genes with 27 clones, followed by metabolism (24), transport (9),
regulation of transcription (8), and stress (8).
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FimH pathoadaptative mutations in Crohn’s disease-Associated AdherentInvasive E. coli enhance binding to CEACAM6
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Background and aims: Adherent-Invasive E. coli (AIEC) are abnormally predominant on Crohn’s
disease (CD) ileal mucosa. AIEC reference strain LF82 adheres to ileal enterocytes via type 1 pili
recognizing CEACAM6 receptor abnormally expressed on CD ileal epithelial cells. The AIEC ability
to adhere to intestinal epithelial cells expressing CEACAM6, to colonize and to induce gut
inflammation in CEABAC10 transgenic mice expressing human CEACAM6 could be correlated with
the presence of amino-acid substitutions in type 1 pili FimH adhesin subunit.
Methods: fimH genes of 45 AIEC and 25 non-AIEC strains isolated from CD patients and 22 nonAIEC strains from controls were sequenced and phylogenetically analyzed. Bacteria adhesion was
evaluated using T84 intestinal epithelial cells. AIEC colonization and gut inflammation were
evaluated in CEABAC10 mice orally challenged with 109 bacteria.
Results: The phylogenetic tree based on fimH sequences showed 4 clusters. Interestingly,
significant higher ability to adhere to CEACAM6-expressing T84 intestinal epithelial cells was
observed for strains belonging to cluster 4 (including AIEC LF82 reference strain), for which A27V
and N78S FimH amino acid substitutions were always found. The replacement of fimHLF82
(belonging to cluster 4) by fimHK12 (belonging to cluster 1) in AIEC LF82 genome decreased the
ability of bacteria to persist, to induce severe colitis and gut inflammation in infected CEABAC10
mice.
Conclusions: Our results highlight a mechanism of AIEC pathogen evolution that involves selection
of FimH pathoadaptative mutations which are required for AIEC gut colonization leading to the
development of chronic inflammatory bowel disease in a genetic susceptible host.
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Escherichia coli LF82 isolated from Crohn’s disease
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A critical step in the life cycle of all types of organisms is the cell division with a high fidelity
duplication of the DNA. Ribonucleotide reductases (RNRs) are essential enzymes for this step
since they control the sole de novo pathway to the deoxyribonucleotides (dNTPs) required for DNA
synthesis and repair. Three major classes of RNRs are known (I, II and III), differing in their cofactor
requirements and quaternary structures. Class I RNRs are generally homodimeric proteins (α2β2)
with a larger subunit (α) containing the catalytic and the allosteric domains and a small subunit (β)
carrying a stable tyrosyl radical linked to a diiron-oxo center required for radical generation. This
class is further subdivided in class Ia and Ib. Since this process requires oxygen, class I enzymes
function only aerobically. This class is found in almost all eukaryotes and some microorganisms.
Class II RNRs are monomeric or dimeric (α/α2) and require 5’-deoxyadenosylcobalamin (AdoCbl,
vitamin B12 coenzyme) for the radical generation and are oxygen independent. This class is mainly
found in eubacteria and archaea. Class III RNRs are homodimeric (α2) and contain a stable
oxygen-sensitive glycyl radical formed by S-adenosylmethionine (SAM) and a second protein (β2)
that it is not required for catalysis once the radical has been generated. This class is only functional
under strict anaerobic conditions and it is found in eubacteria and archaea. Interestingly
Escherichia coli contains functional genes for three RNR classes (Ia, Ib and III) transcribed in
separate operons and encoded by the nrdAB, nrdHIEF and nrdDG genes, respectively. While the
E. coli RNR enzymes have been characterized extensively at biochemically and enzymatically, very
little is known about their role during the infectious process of this bacterium. In general the role of
different RNRs in bacterial pathogenesis has not been studied systematically.
In this work we have established the role of the different RNR classes during infection in an
adherent-invasive E. coli (AIEC) LF82 strain isolated from Crohn’s disease.
An extended understanding of the pathogenicity and physiology of E. coli will prime novel drugs
against infections of this bacteria.
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Genome-wide transcriptional analysis of Escherichia coli NrdR regulon
Maria del Mar Cendra1, Nicolas Dreux2, Antonio Juárez1, Nicolas Barnich2 and
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Transcriptional factors are proteins with a unique mission: regulate gene expression, the process
thanks to all the species survive over the world. These proteins respond to environmental signals
and then, modulate the expression of the adequate genes either by controlling their activity or by
controlling their expression. They have the capacity to bind to the regulatory region, also known
as the promoter region, of the gene they regulate either activating or repressing the transcription
initiation. Escherichia coli, the most studied microorganism, encode in its genome for more than
300 genes that are predicted to be transcriptional factors, one of them, is the aim of this study: the
transcriptional factor NrdR.
NrdR was first described in 2004 in the bacterium Streptomyces coelicolor to regulate the
transcription of the two-ribonucleotide reductase (RNR) genes in this bacterium. The prediction of
a consensus sequence for NrdR binding on the gene promoters was discover one year after of its
description, and more studies as the negative role of it regulation or the description of its presence
in other bacteria, has been done since then. Later on, one of us described the fine regulation of
the three-different RNR classes by this transcriptional regulator in E. coli. Although there are
several studies demonstrating the regulation of different RNR by the NrdR little is known which
other genes could regulate the NrdR protein. We want to establish if be the NrdR regulator is a
global transcriptional regulatory protein or can be consider only a protein involve in the regulation
of the different RNR classes.
In this work we perform a global transcriptomic analysis in an E. coli nrdR mutant compared to the
wild-type strain at different stages of growth, exponential and stationary phase. The results obtained
in this work point it out the global character of the NrdR protein to regulate the expression of
different genes involved in different biochemical pathways specially those involve in the energy
metabolism of the cell.
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Biofilm modifies expression of ribonucleotide reductase genes in Escherichia
coli
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Ribonucleotide reductase (RNR) is an essential enzyme in all-living organisms because of its
indispensable function in the catalysis of the reduction of ribonucleotides (NTP) to its
corresponding deoxyribonucleotides necessaries for the DNA synthesis and repair. To date, it has
been described that Escherichia coli encodes for three types of RNR: two RNR classes are active
only under aerobic conditions (Class Ia and Ib) and the third RNR is only active under anaerobic
conditions. The class Ia RNR is encoded by the nrdAB genes while class Ib is by the nrdHIEF
genes. Class I is compound by two dimeric subunits: the larger subunit (NrdA or NrdE) contains the
active center while the small one (NrdB or NrdF) is where the tyrosil radical is generated by a
molecular oxygen originated in a dinuclear iron center, whereas recent studies have demonstrate
an active di-manganese center in presence of oxygen and in the NrdF of the class Ib. In the other
hand, class III is encoded by nrdDG genes and requires the S- adenosyl methionine as a cofactor
instead of oxygen, which in this case is like poison, to generate a stable glycyl radical in NrdD, the
catalytic protein. NrdG acts as activase of NrdD, and contains the redox center [4Fe-4S].
Biofilms are bacterial communities embedded in a glycocalyx matrix predominantly of anionic
exopolymer. This macromolecular process confers to bacteria many advantages as antibiotic or
stress resistance and makes the bacteria more pathogenic. In many strains of E. coli (as in other
microbes) as uropathogenic E. coli (UPEC), causal agent of urinary tract infections, or
enterohemorragic, enteroinvasive and enteroaggregative E. coli, principal authors of many
diarrhoeas and intestinal diseases, biofilms contribute that infections becomes chronic being more
difficult to eliminate. It is also important to remark the differences between the ways to make a
biofilm between strains, there are some E. coli strains as enteropathogenic (EPEC) ones, that have
a previous three-dimensional microcolony state before to form the compact biofilm. In this study we
have used two different strains the EPEC E2348/69 and the commensal E. coli MG1655 comparing
also these two different types of biofilm formation.
E. coli has the advantage to posses three types of the same enzyme to do the same function. Class
Ia is the principal RNR expressed under anaerobic conditions, whereas class III is in anaerobic
conditions. But, what happens with class Ib? Why the evolution has conserved this class when it is
rarely expressed? All of these questions have motivated us to start this study of the possible
implication of the different RNR classes in biofilm formation.
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Staphylococcus aureus is a major human pathogen responsible for a wide range of mild to life
threatening infectious diseases (e.g. skin infections, bacteraemia). It has been known for a long
time that small non-coding RNA molecules (sncRNAs) as RNAIII play a central role in S. aureus’
pathogenesis. Nevertheless, global studies to identify new sncRNAs in S. aureus are rare so far.
Tiling array analyses have been performed focussing on sncRNA expression in S. aureus during
starvation (in TSB medium) and oxygen limitation (in synthetic medium) compared to exponentially
growing cells. Using a custom-made [R] script for data visualization 267 putative sncRNAs have
been detected. Only 20 candidates show a similar expression level under all tested conditions. Very
interestingly, numerous putative sncRNAs are highly expressed after nutrient starvation (n=94) and
oxygen limitation (n=37). Furthermore, the different cultivation media had an impact on the
expression of intergenic regions (IGRs). Only three potential sncRNAs show a TSB-specific
expression. In turn, 17 putative sncRNAs were solely expressed in the synthetic medium. Possibly,
these candidates play a role in the regulation of biosynthetic pathways specifically used in these
media. To confirm the tiling array results selected IGRs were analysed by Northern Blotting. Very
recently, cDNA sequencing analyses have been performed for S. aureus grown under the same
growth conditions. Actually, these comprehensive data sets are being analysed to provide a global
view on S. aureus sncRNAs expression.
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In recent years, the number of drug- and multidrug-resistant microbial strains has increased rapidly.
Deciphering the molecular basis of pathogenicity and identifying novel anti-infectives has become a
high priority in global health care.
New technologies like Next-Generation Sequencing (NGS) provide new opportunities to elicit
pathogenicity factors, and can routinely be used in the analysis of genome-wide differences
between clinical isolates. Here, we present Genedata SelectorTM and sRNATargetDB that
addresses all data management and analysis requirements of the underlying research process to
identify targets for anti-infectives research.
In bacteria, sncRNAs have attracted considerable attention as an emerging class of new gene
expression regulators. Apart from open reading frames, the genome codes for a number of RNAs of
noncoding functions such as rRNAs, tRNAs, and some small non-coding RNAs, which may act as
regulators of translation and influence mRNA stability. A systems biology approach elicits new
molecules, such as small non-coding RNAs, involved in invasion and pathogenicity of L.
monocytogenes S. aureus, S. pyogenes, E. faecalis and C. difficile. We will also report on how we
processed data from different technologies and integrated diverse experimental results with current
knowledge about sRNAs of these socioeconomically relevant Gram-positive pathogens within
sRNATargetDB, the internal central data management system of the sncRNAomics consortium to
integrate the interdisciplinary subprojects.
Integrated tools allow a comparative genomics approach, pathway and regulatory networks
reconstruction, and the investigation of upcoming biological hypothesis in the context of generated
experimental data, all within one bioinformatics system. The analysis results are shared across
interdisciplinary teams to streamline communication and to drive the experimental design for further
analyses. In addition, a flexible and scalable system is required to support new and upcoming
technologies like tiling arrays and NGS technologies.
In addition, it enables to explore, at the molecular level, the diverse spectrum of pathogenicity
profiles across different species and strains isolated from a clinical environment. We present as a
case study a comprehensive set of Listeria genome sequences coupled with phenotype information
to provide a reference for comparison with new pathogenic strains.
Finally, sRNATargetDB serves as a reference compendium and supports new applications like the
use of modified peptide nucleic acids (PNAs) as a novel tool to inactivate potential sRNA, and their
applications in rapid and specific detection of pathogenic bacteria.
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Enterococcus faecalis
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Enterococcus faecalis is a gram-positive lactic acid bacterium and a member of the natural flora of
the human tract. In the last two decades, it has been identified as an important cause of nosocomial
infections associated with high mortality. The emergence of resistances against virtually all clinically
available antibiotics and the ability to transfer these resistance determinants to other pathogens
underscores an urgent need for a better understanding of the fine line that separates a friendly
commensal from a frightful opportunistic pathogen.
Small non-coding RNAs (sRNAs) have been identified as key regulators for several cellular
metabolisms. Recent discoveries established that bacteria use an impressive number of sRNAs to
control gene expression. They are typically 50-300 nucleotides in length, generally untranslated and
transcribed from intergenic regions. Most of them regulate gene expression in trans by base pairing
with mRNA targets but modulation of protein function by these molecules has also been reported.
Some are involved in stress response as well as in various metabolisms that strongly suggests that
they could play an important role in the pathogenicity of many bacteria. Using customized DNA tiling
arrays and RNA extractions from cultures incubated under infection mimicking conditions we
recently identified around 80 sRNAs candidates in the intergenic regions of the genome of E.
faecalis V583 (Shioya et al. 2011, PlosOne). In order to characterize their putative cellular roles and
functions, some of them were selected for further studies. We have concentrated our efforts on the
analysis of the involvement of these sRNAs in stress response and virulence through the
construction and phenotypical analysis of corresponding deletion mutants. Among 11 sRNAs
candidates, one (EF1096_EF1097) appears to be essential, and 7 mutants with the corresponding
complemented strains have been hitherto obtained. Growth behavior in the presence of stressing
agents such as acid pH, bile salts, NaCl, H2O2 and in serum of the mutants and complemented
strains has been compared to the parental strain. Concerning the putative involvement in
pathogenesis, virulence was tested in the insect model Galleria mellonella. The second aim of this
study was to identify target genes of sRNAs. This was done by two different approaches. First, in
silico analysis using two different softwares were performed. This led to the identification of several
potential candidates which has to be confirmed by real-time quantitative PCR using samples from
wild type and sRNA mutant strains. Second, since sRNAs could act at the post transcriptional level,
proteomic approach was carried out comparing profiles of mutants and the parental strains. This
showed that sRNA EF3314_EF3315 might be involved in the turnover of some abundant proteins in
E. faecalis, especially from the translational apparatus.
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Small non-coding RNAs (sRNAs) are widespread effectors of post-transcriptional gene regulation in
bacteria. Currently extensive information exists on the sRNAs of Listeria monocytogenes expressed
during growth in extracellular environments. We used deep sequencing of cDNAs obtained from
fractioned RNA (<500 nt) isolated from extracellularly growing bacteria and from Listeria
monocytogenes infected macrophages to catalog the sRNA repertoire during intracellular bacterial
growth. We detected 150 putative regulatory RNAs of which 71 have not been previously described.
A total of 29 regulatory RNAs, including small non-coding antisense RNAs, are specifically
expressed intracellularly. We validated highly expressed sRNAs by Northern blotting and
demonstrated by the construction and characterization of isogenic mutants of rli31, rli33- for efficient
growth of bacteria in macrophages. All three mutants were attenuated when 1 and rli50* for
intracellular expressed sRNA candidates, that their expression is required assessed for growth in
mouse and insect models of infection. Comparative genomic analysis revealed the presence of
lineage specific sRNA candidates and the absence of sRNA loci in genomes of naturally-occurring
infection-attenuated bacteria, with additional loss in non-pathogenic listerial genomes. Our analyses
reveal extensive sRNA expression as an important feature of bacterial regulation during intracellular
growth.
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Small non-coding RNAs (sRNAs) have attracted attention as a new class of gene regulators in
eukaryotes and in bacteria. In pathogenic bacteria, sRNAs play an important role in the tightly
controlled expression of virulence factor genes. Here, two complementary genome-wide
approaches have been used to identify novel sRNAs and investigate the influence of sRNAs on the
pathogenicity of group A Streptococcus pyogenes M49 (GAS M49). GAS is an important pathogen,
which causes diseases ranging from mild superficial infections of the skin and mucous membranes
of the naso-pharynx to severe toxic and invasive diseases.
We screened sRNA candidates using a modular bioinformatics approach combining compositional
analysis, sequence based and structural homology comparison, and secondary structure prediction
(molecular sequence suite, MOSES1). We then determined a temporal expression profile of
potential sRNAs for GAS M49 grown in chemical defined medium using tiling arrays representing
the intergenic regions of the M49 genome. We identified 55 putative sRNAs in GAS M49 that were
expressed during growth. Of those, 42 sRNAs were novel, whereas 13 sRNAs were known. Already
described sRNAs included molecules belonging to one of the common non-coding RNA families
covered by the Rfam collection and streptococcal sRNAs that have been detected in a former
study2. The results of our two screens showed a low overlap between putative sRNA genes.
Candidates from both screens were validated by reverse transcriptase-PCR and 5’RACE. In order
to investigate their potential role in virulence factor expression, sRNA occurrence was determined
during internalisation into human skin keratinocytes as well as after growth in whole human blood
followed by RNAseq. From 20 sRNAs that appeared to be medium-dependent regulated in the array
study, 10 were up-regulated during growth under infection relevant conditions.
In accordance with the results from other studies, we found a low overlap between different types of
screening methods, which underlines the fact that a comprehensive analysis of the sRNAome of a
given organism requires the complementary use of different approaches and the investigation of
several environmental conditions. Despite a high conservation of sRNA genes within streptococci,
the expression of sRNAs is rather strain specific. Understanding of the sRNA-dependent regulation
of virulence factors opens new avenues to novel therapeutic targets in the important human
pathogen GAS.
1
2

Raasch P. et al., BMC Bioinformatics 2010, 11:491.
Perez N. et al., PLoS One 2009, 4:e7668.

*Author presenting the work

_____________________________________________________________________________________
ERA-NET PathoGenoMics, Joint Annual Seminar on the Projects of the 2nd and 3rd Calls
January 23-24, 2012, Tenerife, Canary Islands, Spain

59

POSTERS:
24
Call
Title
Authors

Project acronym
2nd
sncRNAomics
PNA-peptide conjugates for antisense drug development in bacteria
- Synthesis and Purification A. Jacob1,2, M. Dauber1,2,N. Patenge3, B.Kreikemeyer3, M. Mobarak4, T. Hain4*, and
J. Hoheisel2
1

Peps4LS GmbH, Im Neuenheimer Feld 583, 69120 Heidelberg
Functional Genome Analysis, German Cancer Research Center, Im Neuenheimer Feld
580, 69120 Heidelberg
3
University of Rostock, Institue of Medical Microbiology, Virology and Hygiene, Schillingallee
70, 18055 Rostock
4
Justus-Liebig-University Gießen, Institute of Medical Microbiology, Frankfurter Strasse 107,
35392 Gießen, Germany
2

Affiliations

PNAs (Peptide Nucleic Acids) are synthetic DNA mimics with a neutral peptide-like backbone. Their
special hybridization properties combined with high stability towards enzymatic degradation make
them ideal candidates for antisense drug development. However, PNAs alone suffer from low
cellular uptake, leading to high doses needed to be supplied. This can be improved by the
conjugation to cell-penetrating peptides (CPPs) leading the compounds more efficiently into the
cells. Efficiency of the CPP is partly dependant on the right combination of peptide sequence and
cell type. Thus, herein, possible PNA antisense drug candidates were coupled to different cell
penetrating peptides and cell uptake and efficiency of the PNAs were tested in Listeria and
Streptococcus. Especially for the screening of both, different peptide sequences suitable for
enhanced cell uptake and different PNA sequences for drug target optimization, a low-cost
synthesis for these compounds in a parallel manner would be desirable. Synthesis already takes
place in a parallel manner, but HPLC purification for each compound is time and labour intensive!
Therefore, we demonstrate herein a new parallel purification method based on a Diels Alder
reaction with inverse electron demand.
(A. Jacob; M. Dauber; J. Hoheisel; M. Wiessler; C. Kliem; H. Fleischhacker; P. Lorenz (2010) “A new dimedon
derivative and a method for the purification of PNA and peptide oligomers” EP 10 187 366.9).
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Lateral Flow Assay for Specific Detection of sncRNAs
Philipp Mengel, Sebastian Wagner, Colin Wirth, Franz Cemic & Jürgen
Hemberger*
Institute for Biochemical Engineering & Analytics, University of Applied Sciences Giessen,
Germany

Lateral flow assays (LFA) build a well established platform in the field of rapid, point of care tests,
classically performed as immunoassay, relying on antibody/antigen recognition.
In the present work we report on an extension of the LFA format to nucleic acid detection. We
used peptide nucleic acids (PNA) as catcher probes for enrichment of low concentrated sncRNAs
from complex samples. In the first step of the assay development a target specific PNA sequence
was coupled to superparamagnetic nanoparticles using an optimized EDC/NHS coupling
chemistry. In a second step another PNA was immobilized on the nitrocellulose membrane by the
use of two different methods. In a first approach the immobilisation was done with a PNA carrying
a hydrophobic dye that mediates a very thight binding to the nitrocellulose membrane.
Alternatively the PNAs were immobilized by a UV-light triggered reaction of a specially introduced
group in the PNA with blocking molecules on the membrane. This photo-crosslinking reaction
gains a very sharp line of immobilized PNAs on the membrane after a washing step. Furthermore
the membrane surface properties were optimized for gaining a constant lateral flow over the
whole membrane strip by blocking agents.
Using PNAs with complementary sequences immobilzed at the test line and coupled to the
superparamagnetic nanoparticles, we could show binding between both PNAs at the test line,
providing evidence that the test setup, we have chosen will reveal valid results.
Currently we test the setup with new sncRNA targets, identified by the partners during the course of
the project.
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As part of the sncRNAomics project WP 4, our group developed a point of care diagnostic system
to detect gram-positive pathogenic bacteria. This system is based on a lateral flow assay, which is
easy to handle and allows for a fast diagnostic response.
Signal detection in rapid diagnostic systems is usually done optically, e.g. using coloured or
fluorescent beads. One disadvantage of these methods is their rather low sensitivity and lack of
linearity. We therefore implement an alternative way of detection using superparamagnetic
nanoparticles for analyte capture and magnetization as a measure for the amount of nanoparticles
at the test and control line respectively.
Superparamagnetic particles show no magnetic hysteresis. Therefore a very high signal-to-noiseratio can be achieved, leading to an improvement in test sensitivity. Sensors for magnetization also
show broader linearity range compared to optical sensors. Simple, cheap and robust Hall-sensor or
Maxwell-Wien-bridge based devices serve as detectors for magnetization in the context of lateral
flow assays.
We present two different magnetic diagnostic systems, a bench top and handheld (POC) device.
Test sensitivity as well as reproducibility was optimized implementing novel cross-correlation based
test-line finding algorithms and mechanical modifications to the test-cassette-transport system.
Furthermore we provide data for proof of principle and system validation.
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Blood is a very special fluid – the transcriptome of Aspergillus fumigatus in
response to human blood
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Aspergillus fumigatus is the major cause of Invasive Aspergillosis (IA), a life threatening disease
with a mortality rate of 90 to 95 % that affects primarily immunocompromised individuals. A pivotal
step linked to severity of this disease is the entry of the fungus into a blood vessel and its
dissemination into the blood circuit. Upon entering the blood stream, A. fumigatus has to adapt to its
new environment and to cope with multiple factors. Although gene expression data from several
pathogenic fungi have been published extensively, knowledge about the adaptation of the A.
fumigatus transcriptome to the hematogenous environment is scarce.
In the course of the project, we established an in vitro model using human blood mimicking
dissemination via the blood stream to elucidate the early and late transcriptional responses. This
model, comprising time course experiments to capture the adaptation in gene expression, used
whole transcriptome microarray analysis followed by gene enrichment analysis. Herewith we could
identify multiple genes of different pathways likely to be involved in adaptation of A. fumigatus to
blood within the first hours of dissemination. These include genes connected to general factors like
cytoskeleton modulation, lipid metabolism, and ribosomal genes but also pathways that may be
induced by the host reaction like signaling and growth regulation.
Additionally, we could confirm microarray data using real-time qPCR to support the role of certain
genes for the survival of A. fumigatus in blood. This will provide relevant insights regarding the
genes involved in stages of IA and thus may lead the way to new targets for fighting this
opportunistic pathogen.
As a further application of our in vitro model we also monitor the transcriptional response of A.
fumigatus to human blood in the presence of the antifungal substance posaconazole. This gives us
the possibility to identify responses of the fungus when coping with the drug in the environment in
which it acts in human treatment and to test transcription factor mutants and their role in bloodfungal interaction.
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Iron is essential for a wide range of cellular processes but its excess is toxic. Therefore,
microorganisms evolved fine-tuned mechanisms for uptake and storage of iron, to sustain iron
homeostasis. In the opportunistic fungal pathogen Aspergillus fumigatus, the bZIP-type transcription
factor HapX mediates adaption to iron starvation by activating siderophore biosynthesis and
repressing iron-dependent pathways. HapX-deficiency attenuates the virulence of A. fumigatus
underlining the importance of adaptation to iron starvation in pathogenicity. The HapX N-terminal
amino acid sequence predicts interaction with the DNA-binding, heterotrimeric CCAAT-binding
complex (CBC), which is conserved in all eukaryotes and believed to co-regulate up to 30% of all
genes.
Here, we characterized the role of the CBC in iron regulation of A. fumigatus by analysis of the
phenotypic consequences of genetic inactivation of the CBC subunit HapC. HapC-deficiency was
deleterious during both iron starvation as well as iron sufficiency, demonstrating iron-independent
regulatory functions of the CBC. In contrast, HapX is important during iron starvation only. As shown
previously for HapX-deficiency, HapC-deficiency derepressed genes involved in iron-consuming
pathways during iron starvation but decreased siderophore metabolism at transcriptional and
metabolic levels. Inhibition of reductive iron assimilation by ferrous iron chelation blocked colony
formation of both HapC-deficient and HapX-deficient conidia. Moreover, inactivation of HapC was
epistatic to HapX-deficiency. Taken together, these data indicate that the CBC mediates both the
activating and the repressing functions of the iron-regulatory transcription factor HapX. The central
role of the CBC in environmental adaptation is underlined by HapC-deficiency rendering A.
fumigatus avirulent in a murine model of aspergillosis.
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RNA-seq analysis of the trans-kingdom pathogen Fusarium oxysporum
reveals extensive transcriptional reprogramming during fungal infection of
plant and mammalian hosts
David Turràa*, Sonia Tarazonab, Ana Conesab and Antonio Di Pietroa
a

Departamento de Genética, Universidad de Córdoba, Edificio Gregor Mendel, Córdoba,
Spain
b
Bioinformatics and Genomics Department, Centro de Investigación Príncipe Felipe,
Valencia, Spain

The soilborne fungus Fusarium oxysporum causes wilt disease on more than a hundred different
crops and lethal systemic infections in immunocompromized patients. During plant infection, F.
oxysporum invades the host via the roots and the vascular system, whereas in humans, fungal
dissemination occurs efficiently through the bloodstream. In this study, we have used massively
parallel sequencing of cDNA (RNA-seq) to generate a high-resolution map of the F. oxysporum
transcriptome during fungal growth on tomato roots and in whole human blood. Gene expression
profiles during initial stages of plant infection and bloodstream dissemination (0, 30, 90 minutes)
were compared with those on minimal medium (MM) at 28ºC or 37ºC, respectively. The analysis
identified 588 and 1235 genes whose expression is upregulated on tomato roots and blood,
respectively. Moreover, 2648 genes are differentially expressed during growth on tomato roots vs.
human blood. Out of these, 535 also show differential expression in MM (28ºC vs. 37ºC),
suggesting temperature-dependent regulation. We conclude that differential expression of the
remaining 2113 genes is caused by the host-specific response of F. oxysporum to the plant or the
blood environment. These genes encode proteins involved in general stress response, antioxidative
response, as well as ATP-binding cassette transporters and putative PTH11-type G-protein-coupled
receptors, among others. We are currently extending the study by performing RNA-seq of fungal
gene knockout mutants lacking key transcription factors, including the homeodomain transcription
factor Ste12 required for virulence on tomato plants, the pH response transcription factor PacC
essential for virulence on mice, and LaeA, a global regulator of secondary metabolism that
contributes to virulence on both classes of hosts. The goal is to identify genes whose differential
expression during infection depends on these transcriptional regulators, and which may represent
potential virulence determinants. The results of this comprehensive transcriptome analysis will
provide new insights into the genetic programs that determine pathogenicity of F. oxysporum both
on plant and human hosts, facilitating to the identification of novel antifungal targets.
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Regulatory proteins in the opportunistic human pathogen Aspergillus
fumigatus
Henriette Irmer*, Sonia Tarazona, Patrick Olbermann, Sven Krappmann, Ana
Conesa and Gerhard Braus
Institute of Microbiology & Genetics, Georg-August-University Göttingen
Centro de Investigación Príncipe Felipe, Valencia, Spain
Research Center for Infectious Diseases, Würzburg, Germany

Aspergillus fumigatus is a saprophytic fungus that can act as an opportunistic human pathogen
leading to mortality rates of more than 50%. It can invade immuno-compromised patients through
the lung and disseminates via the bloodstream. There is little knowledge about how the fungus can
regulate its gene expression to adapt to the harsh conditions within the bloodstream. We are
searching for genes that are up-regulated during blood infection. To study this process we designed
an in vitro model to investigate the transcriptome of the fungus in blood. In this setting mycelium is
incubated in blood and then analyzed in microarray, transcriptome sequencing and quantitative
Realtime-PCR (qRT-PCR). Differentially expressed genes were identified using transcriptome
sequencing. Functional enrichment analysis revealed that at a late stage during blood incubation
genes are up-regulated in the FunCat categories virulence, disease factors, toxins and
detoxification by degradation. During early time points of blood incubation we detect up-regulated
genes using qRT-PCR that belong to a family of regulators in filamentous fungi. The velvet gene
family consists of the four proteins veA, velB, velC, and vosA, which exhibit regulatory functions
during development in Aspergillus nidulans. Together with laeA, a regulator of secondary
metabolism, the velvet proteins seem to undergo various interactions in A. nidulans in order to
respond to changed environmental conditions and stress. These features make them interesting
candidates for involvement in the adaption process of A. fumigatus in blood. Functional deletions of
velB, velC, vosA, and laeA were generated and characterized and will be studied in the in vitro
blood model. The current state of the project will be presented.
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Evaluation of gene regulation in vivo by means of mutation analysis of
the barA/uvrY two-component system of extraintestinal pathogenic
Escherichia coli
Birgit Ewert*, Christian-Daniel Köhler, Ulrich Dobrindt
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Urinary tract infections (UTI) are one of the most common infectious diseases in humans and a
major cause of morbidity. Escherichia coli strains are the most prevalent source for this bacterial
infection. UTI causing strains can be divided into pathogenic strains initiating symptomatic UTI and
non-pathogenic strains causing an asymptomatic bacteriuria (ABU) without provoking a host
response, thus resembling commensalism at other mucosal surfaces. The reason why ABUassociated E. coli strains avoid the induction of a host response is not completely understood yet.
Many ABU E. coli isolates seem to lack virulence-associated phenotypes, although they possess a
large number of typical UPEC virulence genes. It has been shown that such isolates do not express
functional UPEC virulence factors and that there is an evolution towards commensalism because of
virulence attenuation and genome reduction. Adaptation strategies like alterations in essential
virulence genes including single base mutations, deletions or DNA rearrangements might be
essential for mucosal pathogens to achieve long-term persistence and to evolve towards
commensalism, consistent with a low immune response of the host.
The aim of this survey was the analysis of the importance of the two-component system (TCS)
BarA/UvrY for urovirulence of E. coli. The BarA/UvrY TCS is involved in bacterial adaption and
survival in the urinary tract. It is crucial for efficient adaptation between different metabolic pathways
and plays a significant role in controlling a common regulatory network affecting a multitude of
cellular functions, e.g. regulation of carbon metabolism, biofilm formation or motility and adhesion.
In previous studies, single nucleotide polymorphisms (SNPs) were identified in metabolic and
virulence-associated genes, incl. the uvrY and barA genes, upon prolonged colonization of the
urinary tract. This aspect could underline the hypothesis that these genes are (i) a mutation hot spot
and (ii) under positive selection during bacterial adaption during long-term growth in the urinary
tract. To correlate the uvrY nucleotide sequence variability with prolonged colonization of the
urinary tract, uvrY was sequenced in 219 E. coli strains representing ABU and acute UTI isolates as
well as a control group of commensal variants and an outgroup of six E. coli isolates. The sequence
data obtained was compared with DNA sequences of housekeeping genes in these strains. The
results will be discussed in the light of genome plasticity and bacterial adaptation strategies to
changing environmental conditions.
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Limited expression of virulence traits in asymptomatic bacteriuria
Escherichia coli isolates from diabetic children
Beáta Kovács1,2*, Barnabás Rózsai3, Ágnes Dorn2, Judit Kovács2, Monika
Kerényi2, Szilvia Melegh2 and Levente Emődy2,4
University of Pécs, Medical School, Departments of 1Medicine I., 2Medical Microbiology
and Immunology, and 3Pediatrics, Pécs, Hungary, and 4Veterinary Medical Research
Institute, Hungarian Academy of Sciences, Budapest, Hungary

Asymptomatic bacteriuria (ABU) is defined as a condition when a significant number
(≥105
cells per mL) of the same bacterium is present in two independent urine samples without
producing clinical symptoms. This setting is facilitated by female gender, pregnancy, indwelling
catheters, elderly and diabetes mellitus. Though ABU strains frequently possess with a battery of
virulence genes only a small portion of them appears in the phenotype. It has also been observed
that ABU strains may outcompete the incoming pathogens by bacterial interference.
The aim of this work was to assess the appearance and patterns of virulence phenotypes in ABU
E. coli isolates from diabetic children. These investigations may foster further studies in order to
identify effective and safe candidates for bacterial interference applicable with emphasis to
diabetics.
The following virulence markers were investigated: haemolysis, haemagglutination (mannose
sensitive and resistant), siderophore production (aerobactin and enterobactin), serum resistance,
biofilm production, binding to matrix components (collagen types I and IV, fibronectin and laminin),
adhesive and penetrating capacity to urinary epithelial cells, and cytotoxicity.
Out of 14 virulence properties none of the strains expressed more than five ones. None of the
isolates possessed with all the five most important virulence traits (adherence to and invasion of
epithelial cells, serum resistance, siderophore production and haemolytic capacity). One strain
presented with no virulence factors tested. This latter strain seems worth studying for interference
with uropathogenic bacteria. Animal experiments to assess the in vivo interference capacity and
safety of this strain are in progress.
This work was supported by ERA-NET PathoGenoMics and OTKA NN 78415 grants.
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The expression of non-coding RNAs in clinical samples reflects the different
life styles of Staphylococcus aureus in colonization vs. infection
Juan SONG1,2,3, Claire LAYS2,3, François VANDENESCH2,3,4, Yvonne BENITO3,4,
Michèle Bes3,4, Yonglie CHU1, Gérard LINA2,3,4, Pascale ROMBY5,
Thomas GEISSMANN2,3*, Sandrine BOISSET2,3,4*

Department of Immunology and Pathogen Biology, Medical school of Xi’an Jiaotong University
710061, Xi’an, Shaanxi province, China
2
Université de Lyon, Université Lyon1, Lyon, F-69008, France;
3
INSERM U851, Lyon F-69008, France;
4
Hospices Civils de Lyon, Centre National de Référence des Staphylocoques, Bron F-69500,
France.
5
Université de Strasbourg, CNRS UPR 9002, IBMC, Strasbourg, F-067084, France.
* Sandrine Boisset & Thomas Geissmann share senior authorship

Background. Small non-coding RNAs (sRNAs) are involved in the post-transcriptional
regulation of metabolic pathways and in responses to stress and virulence. We analyzed
the expression levels of five sRNAs of Staphylococcus aureus during human colonization
or infection.
Methods. Total RNA was isolated from nasal carriers, abscesses and cystic fibrosis
patients (20 subjects per condition). The expression levels of the sRNAs were measured in
the clinical samples and compared with those of the corresponding strains in vitro.
Results. Five sRNAs were encoded and expressed in all clinical strains in vitro. In vivo,
the global expression of the five sRNAs was extremely variable in the abscessed patients,
more homogeneous in the cystic fibrosis patients, and highly uniform in the nasal carrier
samples. The expression levels of the sRNAs in vivo resembled those obtained at
exponential phases or late exponential phase of growth in vitro, for three and one sRNA
respectively; while for one sRNA, the expression was always higher in vivo as compared to
in vitro growth.
Conclusion. The in vitro conditions do not uniformly mimic the in vivo conditions for sRNA
expression. Nasal colonization is associated with a unique expression pattern of sRNA that
might reflect the commensalism of S. aureus in this niche.
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SigmaB dependent regulatory RNA modulates biofilm formation and capsule
formation in Staphylococcus aureus
Cédric ROMILLY1&*, Claire LAYS2&*, Efthimia LIOLIOU1, Florence VINCENT2,
François VANDENESCH2, Pascale ROMBY1, Sandrine BOISSET2$ and Tom
GEISSMANN2$
1

Affiliations

Architecture et Réactivité de l’ARN, Université de Strasbourg, CNRS, IBMC, Strasbourg,
France.
2
Pathogénie Bactérienne et Immunité Innée, Université de Lyon, INSERM U851, Lyon,
France.
&
equal first authorship, $equal senior authorship

Staphylococcus aureus is a remarkable versatile pathogen responsible of 30% of nosocomial
infections, with dramatic outbreaks in immuno-compromised patients. The pathogenicity of the
bacteria results from the production of a plethora of virulence factors in a temporal manner. They
are regulated by complex networks including transcriptional regulators, two-component systems,
and regulatory RNAs. Here, we characterize the function of RsaA [1]. This 138 nucleotides ncRNA
is expressed upon stationary growth phase and is under a SigmaB control, a transcriptional
regulator involved in stress adaptation [2]. To investigate the function of RsaA, we performed global
approaches to identify putative targets. Proteome analysis of wild type strain compared to the
isogenic strain deleted from rsaA gene, combined with bioinformatical prediction of stable
RsaA/mRNA duplexes led to the identification of two targets: mgrA and spoVG mRNAs.
MgrA is a global transcriptional factor affecting multiple genes involved in virulence, biofilm and
antibiotic resistance [3]. In vitro, we showed that RsaA binds to mgrA mRNA via two distant regions,
preventing the ribosome binding by targeting the Shine and Dalgarno sequence. To investigate the
role of RsaA in biofilm formation, two methods were used: the classical crystal violet staining and
the so-called “ring test”. The ring test allows to follow the dynamic of biofilm formation during the
early stage (0 to 6 hours) while the crystal violet staining allows to quantify the developed biofilm
after e.g. 24 hours. The ring test showed that rsaA mutant had a delay for early biofilm formation (1h
to 1h45) compared to the wild type. Also, the biofilm after 24 hours was less developed by the
mutant strains (with a more marked effect in Newman than Becker) compared to that of the parental
strain.
Meier et al [4] showed that SpoVG is involved in cap operon regulation and affect capsule formation
in the CP-5 producing strain Newman. Capsule formation is an adaptive mechanism against
phagocytosis [4]. Dot-blot experiments with antibodies against capsule type 5 (strain Newman) or
type 8 (strain Becker) showed enhanced capsule production in the delta-rsaA mutant.
Bacterial internalization by macrophages was enhanced with the delta-rsaA mutant in Newman and
decreased with the delta-rsaA mutant in Becker. This opposite effect may reflect the dual effect of
RsaA in biofilm- and capsule- production in different background strains. The mechanism for spoVG
mRNA regulation by RsaA is under investigation.
1.
2.
3.
4.

Geissmann T et al. (2009) Nucleic Acids Res.
Bischoff M. et al (2004) J. Bacteriol.
Luong TT et al. (2006) J. Bacteriol.
Meier S et al. (2007) Infect. Immun.
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Molecular diagnostics of Aspergillus spp. in human serum Optimization of DNA extraction and real-time PCR assay
Michaela Lackner*, Bettina Sartori, & Cornelia Lass-Flörl
Division of Hygiene and Medical Microbiology, Innsbruck Medical University
Fritz-Pregl Strasse 3, 6020 Innsbruck – Austria

Invasive aspergillosis (IA) is the most common cause of infection-associated mortality in patients
being treated for haematological malignancies, with an incidence in stem cell transplant patients of
up to 20 percent. Due to the high treatment costs (long treatment period and expensive antifungal
drugs), IA is the most expensive opportunistic infection in immunosuppressed patients. Early
diagnosis of IA in haematological patients is essential for a targeted therapy and subsequent
successful patient outcome. Real-time PCR represents a promising tool for molecular diagnosis of
IA, even though standardized protocols are missing and DNA extraction from the various clinical
samples is often found to be tricky. We aimed to optimize the DNA extraction from serum samples
and to improve the PCR reaction by a faster run time, optimal annealing temperature and reaction
composition.
We evaluated the two different DNA extraction kits QIAAMP ULTRASENS VIRUS and QIAAMP
CIRCULATING NUCLEIIC ACID (QIAGEN) by testing Aspergillus spiked serum samples. We improved the
DNA extraction procedure by optimizing the carrier RNA concentration, (b) elution volume, and (c)
some minor modifications in the handling procedure. The sum of this modifications resulted in a
DNA enrichment in the eluate of up to ten folds.
For the real-time PCR we used ITS-based primers and hydrolysis probes previously published by
Springer et al. (2011). All experiments were carried out on a real-time detection system CFX96
(BIORAD), using SsoFast probe mix (BIORAD). We optimized annealing temperature, primer
concentration and shortened run time from a theoretical run time of 74.5 min down to 19.5 min, by
the use of a modified, inhibition resistant polymerase. Moreover we compared limit of detection
(LoD) of simplex and duplex reactions, finding simplex reaction significantly more sensitive than
duplex reaction. Our modifications resulted in lowering the initial LoD of Aspergillus fumigatus in
spiked serum samples from 150 fg genomic DNA (5 CFU/mL) down to a LoD of 1 - 10 ITS plasmid
copies (0.5 fg – 5 fg genomic DNA).
In conclusion, not only the choice of proper primers and probes is essential for the performance
(specificity, sensitivity, and LoD) of a PCR based assay, but also DNA extraction procedure and
PCR conditions play key roles in lowering the LoD.
Reference:
J. Springer, J. Loeffler, W. Heinz, H. Schloßnagel, M. Lehmann, O. Morton, T.R. Rogers, C. Schmitt, M.
Frosch, H. Einsele, O. Kurzai (2011): Pathogen-Specific DNA Enrichment Does Not Increase Sensitivity of
PCR for Diagnosis of Invasive Aspergillosis in Neutropenic Patients J Clin Microbiol.; 49(4):1267–1273
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Development of novel antigen-detection tools to detect invasive Candidiasis
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Oliver Bader*, Henning Vogler, Nico Vogt, Michael Weig, and Uwe Groß
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Institute for Medical Microbiology and German National Reference Centre for Systemic
Mycoses, Kreuzbergring 57, 37075 Göttingen, Germany
Correspondence: obader@gwdg.de
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Culture-independent, diagnostic tests to detect invasive candidiasis employ the detection of specific
host antibodies to antigenic components of the fungal cell. Since most patients suffering from
invasive candidiasis have only a very limited immune system, and many individuals are seropositive, asymptomatic carriers, such tests have an obvious limitation. This may be overcome by
molecular diagnostic methods where the pathogen or its debris is detected directly in blood
samples.
Where WP4 of CandiCol will lead us to the identification of disease- and possibly disseminationspecific genes of different Candida species, in WP5 we will establish a Luminex-based tool for
detection of these infection-specific antigens based on recombinant versions of the stage-specific
proteins identified through WP4.
At present, we have successfully cloned and expressed 31 novel candidate recombinant antigens
and 3 control antigens from C. albicans and C. glabrata. Also, we have established a collection of
>100 sera from > 50 patients suffering from systemic mycosis and an appropriate set of negative
controls (healthy blood donors).
To test the potential of these novel antigens, we determined the antibody titres in serum samples
from a sub-collective of 21 patients with a functional immune system. We were able to demonstrate
serological responses prior to the first culturally positive blood sample, higher antibody titres than for
previously published targets and we achieved a higher serological discrimination rate than
conventional antigens were able to.
This indicates that the selected proteins may be valuable for the detection of infection, and will now
be analysed in further experiments for antigen detection in a Luminex-based system.
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Candida albicans scavenges host zinc via Pra1 during endothelial invasion
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2

Hans Knoell Institute, Jena, Germany
Friedrich Schiller University, Jena, Germany

The ability of pathogenic microorganisms to assimilate essential nutrients from their hosts is critical
for pathogenesis. Here we report endothelial zinc sequestration by the major human fungal
pathogen, Candida albicans. We hypothesised that, analogous to siderophore-mediated iron
acquisition, C. albicans utilises an extracellular zinc scavenging system for acquiring this essential
metal. We postulated that such a “zincophore” would be a secreted factor with zinc-binding motifs,
which can reassociate with the fungal cell surface. In silico analyses predicted that the pH-regulated
antigen 1 (Pra1) met these criteria. Indeed, recombinant Pra1 specifically bound zinc. Moreover,
deletion of PRA1 abolished zinc sequestration from endothelial cells and prevented host cell
destruction in the absence of exogenous zinc. In addition we demonstrate that Pra1 reassociation
with the fungal cell is mediated by a co-expressed zinc transporter, Zrt1. PRA1 and ZRT1 are
encoded at the same locus. Phylogenetic analysis revealed that this fungal zinc acquisition locus
arose in an ancestral lineage before the divergence of the Ascomycota and Basidiomycota.
Functional similarities with unrelated prokaryotic systems indicate that syntenic zinc acquisition loci
have been independently selected during evolution.
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Adaptive genotypical and phenotypical change of H. pylori during disease
progression to pre-neoplasia and cancer
Wex T1*, Langner C1, Varbanova M1, Tammer I2, Kuester D3, Malfertheiner P.1
1

Clinic of Gastroenterology, Hepatology and Infectious Diseases
Institute of Medical Microbiology
3
Institute of Pathology, Otto von Guericke University,
Leipziger Str. 44, 39120 Magdeburg, Germany
2

Affiliation

BACKGROUND
Helicobacter pylori (H. pylori) causes life-long active chronic infection in the human stomach. The current
model of gastric carcinogenesis comprises the interaction of multiple risk factors. Besides Helicobacter pylori
(H. pylori) infection as the major risk factor for gastric carcinogenesis, environmental factors (e.g. high salineor nitrosamine-containing food) and genetic susceptibility contribute to the development of gastric cancer. It
has been established that the topographical pattern of gastritis and its immune response are main causes for
the persistence of bacteria and the final clinical outcome.
AIM The aim is to identify specific patterns of host- and H.pylori-related factors defining the presence of
premalignant lesions in gastric carcinogenesis.
MATERIAL / METHODS
Since June 2011, a prospective collection of H. pylori isolates from patients with different diseases has been
initiated. H. pylori infection was diagnosed based rapid urease test, histology and microbiology. Resistance
profile was determined against Amoxicillin, Clarythromycin, Metronidazole, Rifabutin, Levofloxacin and
Tetracycline. Pattern and degree of gastritis were assessed by the updated Sydney system. Furthermore,
serum levels of pepsinogens and gastrin-17 were quantified to assess the extent of premalignant lesions. The
presence and expression of virulence factors (e.g. CagA, VacA) was studied by RT-PCR methodology.
RESULTS
st
Until Dec.1 , 2011, 98 patients with different diseases were included (details shown in Table 1), and clinical
samples (serum, plasma, mucosal biopsies, H.pylori isolates) were obtained. Using serological markers 9
individuals were identified with premalignant lesions. There was a good concordance between clinical H. pylori
status and microbiological culture. Overall, about 1/3 of patients were infected with H. pylori; and 32 different
isolates were obtained. More than 80% of all isolates exhibited at least one antibiotic resistance. Notably, 26
out of the 32 (81%) express the virulence factor CagA (Table 1) that is much higher than the serological
prevalence of anti-CagA antibodies (43%) in this region of Germany. Isoforms of the virulence factor VacA
(s1m1 vs. s2m2) were similarly detected in half of the strains each. Ongoing work is aimed at the
characterization of host factors (gene polymorphisms, and expression pattern) and their combined analysis
with bacterial virulence factors.
Table 1: Clinical data of study group
Diagnosis
Normal control
Antrum predominant gastritis
Corpus predominant gastritis
Pangastritis
Atrophic gastrits /intestinal metaplasia
Peptic ulcer disease
Gastric cancer
Total number

Number of patients (H.
pylori-positive)
14 (3)
22 (3)
6 (6)
17 (10)
25 (9)
9 (2)
5 (2)
98 (35)

H. pylori strains (CagA+)
4 (3)
5 (2)
7 (4)
7 (6)
7 (5)
2 (2)
2 (2)
32 (26)

CONCLUSION
One out of three patients is infected by H. pylori in this cohort enrolled in Saxony-Anhalt (Germany). Patients
are predominately infected with virulent CagA-expressing strains.
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Ubiquitin and Ubiquitin-like host modifications in Listeria infection
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Listeria monocytogenes is a facultative intracellular pathogen and one of the best-characterized
model organisms in infection research. Invasion is mediated by two bacterial surface proteins,
Internalin A (InlA) and Internalin B (InlB) that both are sufficient to induce the uptake into eukaryotic
cells. Complementary, the primary host receptors, i.e. E-cadherin and c-Met, and some associated
signalling components that are hijacked by L. monocytogenes and essentially contribute to the
process of invasion, have been identified. These results indicate a pivotal role of host enzymes
regulating post-translational modifications, in particular phosphorylations and ubiquitinations. While
kinases and phosphorylation-dependent signaling have already been studied more systematically,
our knowledge about ubiquitin and ubiquitin-like proteins in Listeria infection is fragmentary:
In the InlA-pathway, the host E3-ligase Hakai poly-ubiquitinates E-cadherin, and reduced HAKAI
activity coincides with reduced invasion. However, at the present neither the kinase and
phosphorylation site recruiting HAKAI to E-cadherin has been described nor the counter-regulating
Deubiquinating enzyme(s) (DUBs) have been identified. About 100 different DUBs are encoded by
the human genome and play an important role for balancing and proof-editing Ub-modifications.
In this project, we will apply a concept of activity-based chemical proteomics to characterize
ubiquitin-modifying enzymes in the context of InlA-mediated invasion of Listeria monocytogenes.
Activity-based probes (ABPs) mimicking physiological Ub covalently bind active Ub-modifying
enzymes, in particular DUBs, in cellular lysates allowing their detailed characterization by mass
spectrometry. We have already established ABPs for profiling DUB activities systematically in
Listeria infection. Importantly, we have also devised a novel class of target-selective ABPs, which
can reveal DUBs acting selectively at individual Ub-sites like those regulated at E-cadherin.
Infection-related ubiquitinations will be first characterized systematically following the stimulation of
the host cells. Therefore, the host-response to InlA will be snap-frozen by cell-lyses at different
points, for example, after 2, 30 and 60 minutes and proteins carrying ubiquitin will be analyzed and
Ub-sites comparatively quantified. Target-specific ABPs will then be generated for all regulated Ubmodifications to reveal and characterize DUBs involved in infection.
This study consequentially aims to characterize the regulation of ubiquitin-mediated signaling
networks in the context of bacterial invasion and will provide an insight into the involved ubiquitinmodifying enzymes and their activity by a chemical proteomics approach.
The detailed insight into this regulation and involved components will enable identification of
possible targets for the specific impairment of cell invasion by Listeria and make a contribution to
the elucidation of signaling networks involved.
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/senior researcher
/senior researcher

Braus, Gerhard

Georg-August University Göttingen

DE

2nd TRANSPAT

senior researcher

Bruck, Serawit

ANR

FR

N/A N/A

ERA-NET member

Buchrieser, Carmen

Institut Pasteur

FR

2nd FunGen
/3rd /MobileGenomics

senior researcher
/project coordinator

Calderon, Virginie

CNRS/Université Paul Sabatier

FR

2nd ADHRES

postdoc

Camiade, Emilie

Institut Pasteur

FR

2nd CDIFFGEN

postdoc

Chakraborty, Trinad

Justus-Liebig-University Giessen

DE

3rd LISTRESS

project coordinator

Conesa, Ana

Centro de Investigación Príncipe Felipe (Valencia)

ES

2nd

Pathomics
/TRANSPAT
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senior researcher
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de Bentzmann, Sophie

Centre National de la Recherche Scientifique

FR

2nd ADHRES

project coordinator

D'Enfert, Christophe

Institut Pasteur

FR

3rd CandiCol

senior researcher

Di Pietro, Antonio

Universidad de Córdoba

ES

2nd TRANSPAT

project coordinator

Dobrindt, Ulrich

University of Münster

DE

2nd UTI-Interference

project coordinator

Domingues, Susana

Universidade Nova de Lisboa

PT

3rd ARMSA

senior researcher

Dreux, Nicolas

Université d’Auvergne, Clermont-Ferrand

FR

2nd Shiga toxin

postdoc

Dupuy, Bruno

Institut Pasteur

FR

2nd CDIFFGEN

senior researcher

Ehrenreich, Armin

Technische Universität München

DE

2nd CDIFFGEN

senior researcher

Einsele, Hermann

University Hospital Würzburg

DE

3rd AspBIOmics

project coordinator

Emődy, Levente

University of Pécs

HU

2nd UTI-Interference

senior researcher

Engelmann, Susanne

University of Greifswald

DE

2nd sncRNAomics

senior researcher

Ernst, Joachim

Heinrich-Heine-Universität Düsseldorf

DE

3rd OXYstress

project coordinator

Ewert, Birgit

University of Münster

DE

2nd UTI interference

PhD student

Faulstich, Michaela

University Würzburg

DE

2nd FunGen

PhD student

Ferrer, Manuel

CSIC – Institute of Catalysis

ES

2nd METAGUT

senior researcher

Fichant, Gwennaele

CNRS/Université Paul Sabatier

FR

2nd ADHRES

senior researcher

Frishman, Dimitrij

Technische Universität München

DE

2nd Pathomics

senior researcher

Fuchs, Stepahn

University of Greifswald

DE

2nd sncRNAomics

postdoc

García del Portillo, Francisco

CSIC-National Centre of Biotechnologie

ES

3rd LISTRESS

senior researcher

Geissmann, Tom

University Lyon - INSERM

FR

3rd ARMSA

senior researcher

Genc, Bülent

BMBF/PtJ

DE

N/A N/A

ERA-NET member

Giard, Jean-Christophe

Laboratoire de Microbiologie, Caen

FR

2nd sncRNAomics

senior researcher

Gicquel, Brigitte

Institut Pasteur

FR

3rd GeMoA

senior researcher

Gindl, Milojka

FWF

AT

N/A N/A

ERA-NET member

Glaser, Philippe

Institut Pasteur

FR

3rd MobileGenomics

senior researcher

Gomes, João Paulo dos Santos

National Institute of Health

PT

3rd CELLPATH

senior researcher
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Haas, Hubertus

Innsbruck Medical University

AT

2nd TRANSPAT

senior researcher

Hain, Torsten

Justus-Liebig-University Giessen

DE

2nd sncRNAomics
/3rd /LISTRESS

project coordinator
/senior researcher

Haitovsky, Tsipi

Netvision

IL

N/A N/A

PR

Hartke, Axel

University of Caen

FR

2nd sncRNAomics

senior researcher

Hartsch, Thomas

Genedata Bioinformatik GmbH

DE

2nd sncRNAomics

senior researcher

Hegemann, Johannes

Heinrich-Heine-Universität Düsseldorf

DE

2nd Pathomics

senior researcher

Hemberger, Jürgen

Technische Hochschule Mittelhessen

DE

2nd sncRNAomics

postdoc

Henriques, Adriano

Universidade Nova de Lisboa

PT

2nd CDIFFGEN

senior researcher

Herrero, Enrique

University of Lleida

ES

3rd OXYStress

senior researcher

Herskovits, Anat

Tel Aviv University

IL

3rd LISTRESS

senior researcher

Hinton, Jay

Department of Microbiology, Trinity College, Dublin

IE

N/A N/A

SAB member

Indra, Alexander

Austrian Agency for Health and Food Safety

AT

2nd CDIFFGEN

senior researcher

Irmer, Henriette

Georg-August University Göttingen

DE

2nd TRANSPAT

postdoc

Isidro, Anabela

FCT

PT

N/A N/A

ERA-NET member

Jackson, Jess

MEC

ES

N/A N/A

local organizer

Janezic, Sandra

Institute of Public Health Maribor

SI

2nd CDIFFGEN

PhD student

Jänsch, Lothar

Helmholtz Centre for Infection Research

DE

3rd LISTRESS

senior researcher

Jeannot, Katy

University of Franche-Comté

FR

2nd ADHRES

researcher

Jehl, Marc-André

Technische Universität München

DE

2nd Pathomics

PhD student

Josenhans, Christine

Hannover Medical School

DE

3rd HELDIVPAT

senior researcher

Kärst, Uwe

Helmholtz Centre for Infection Research

DE

3rd LISTRESS

senior researcher

Kemper, Oliver

FFG

AT

N/A N/A

ERA-NET member

Korhonen, Timo

University of Helsinki

FI

2nd UTI-Interference

senior researcher

Kovács, Beáta

University of Pécs

HU

2nd UTI-Interference

junior investigator

Kovarik, Pavel

University of Vienna

AT

2nd Streptomics

project coordinator
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Krappmann, Sven

University of Würzburg

DE

2nd TRANSPAT

senior researcher

Kreikemeyer, Bernd

University of Rostock

DE

2nd sncRNAomics

senior researcher

Kummer, Anne

Helmholtz Centre for Infection Research

DE

3rd LISTRESS

PhD student

Kurka, Hedwig

Technische Universität München

DE

2nd CDIFFGEN

PhD student

Lackner, Michaela

Innsbruck Medical University

AT

3rd AspBIOmics

postdoc

Lasa, Iñigo

Universidad Pública de Navarra

ES

3rd ARMSA

project coordinator

Lays, Claire

University Lyon/INSERM

FR

3rd ARMSA

PhD student

Lery, Leticia

Institut Pasteur

FR

2nd FunGen

postdoc

Lina, Gerard

University Lyon/INSERM

FR

3rd ARMSA

senior researcher

Lioliou, Efthimia

Centre National de la Recherche Scientifique

FR

3rd ARMSA

young researcher

Löffler, Jürgen

University Hospital Würzburg

DE

3rd AspBIOmics

senior researcher

Lührmann, Anja

Universitätsklinikum Erlangen

DE

3rd CELLPATH

senior researcher

Martínez, José Luis

National Research Council

ES

N/A N/A

SAB member

Martins dos Santos, Vitor

University of Wageningen

NL

2nd METAGUT

senior researcher

Matic, Ivan

Institut National de la Santé et de la Recherche Médicale

FR

N/A N/A

SAB member

Mellmann,Alexander

University Clinic of Münster

DE

2nd Shiga toxin

project coordinator

Mira, Nuno

Instituto Superior Técnico, Lisboa

PT

2nd ADHERS

postdoc

Monot, Marc

Institut Pasteur

FR

2nd CDIFFGEN

PhD student

Mota, Jaime

Universidade Nova de Lisboa

PT

3rd CELLPATH

project coordinator

Mraheil, Mobarak Abu

Justus-Liebig-University Giessen

DE

2nd sncRNAomics

postdoc

Nagy, Béla

HAS-OTKA

HU

N/A N/A

ERA-NET member

Neyrolles, Olivier

Centre National de la Recherche Scientifique

FR

3rd GeMoA

senior researcher

Nguyen, Catherine

U1090 INSERM

FR

2nd ADHRES

senior researcher

Nikolov, Nora

FFG

AT

N/A N/A

ERA-NET member

Olbermann, Patrick

University of Würzburg

DE

2nd TRANSPAT

postdoc

Önder, Kamil

Procomcure Biotech GmbH

AT

2nd ChlamyTrans

senior researcher
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Ott, Stephan

University Hospital Schleswig-Holstein, Kiel

DE

2nd METAGUT

coordinator

Patenge, Nadja

University of Rostock

DE

2nd sncRNAomics

postdoc

Penades, José R

Centro Investigación y Tecnología Animal

ES

3rd ARMSA

senior researcher

Pereira, Fátima

Universidade Nova de Lisboa

PT

2nd CDIFFGEN

PhD student

Plasencia, Carmen

Applied Research using Omic Sciences S.L.

ES

3rd CELLPATH

senior researcher

Plésiat, Patrick

University of Franche-Comté

FR

2nd ADHRES

senior researcher

Pucciarelli, M. Graciela

CSIC-National Centre of Biotechnologie

ES

3rd LISTRESS

senior researcher

Puolakkainen, Mirja

Haartman Institute

FI

2nd ChlamyTrans

senior researcher

Rakuša, Tomaž

Institute of Public Health Maribor

SI

2nd CDIFFGEN

postdoc

Rattei, Thomas

University of Vienna

AT

2nd Pathomics

project coordinator

Resende, Catarina

FCT

PT

N/A N/A

ERA-NET member

Rodríguez Bernabé, Rosa

MEC

ES

N/A N/A

ERA-NET member

Romby, Pascale

Centre National de la Recherche Scientifique

FR

3rd ARMSA

senior researcher

Romilly, Cédric

Centre National de la Recherche Scientifique

FR

3rd ARMSA

postdoc

Rudel, Thomas

University of Würzburg

DE

2nd FunGen

senior researcher

Rupnik, Maja

Institute of Public Health Maribor

SI

2nd

Salas, José

MEC

ES

N/A N/A

ERA-NET member

Salcedo, Suzana

Centre d'Immunologie de Marseille-Luminy

FR

3rd CELLPATH

senior researcher

Saramago, Margarida

Universidade Nova de Lisboa

PT

3rd ARMSA

young researcher

Schafferer, Lukas

Innsbruck Medical University

AT

2nd TRANSPAT

PhD student

Suerbaum, Sebastian

Hannover Medical School

DE

3rd HELDIVPAT

project coordinator

Svanborg,Catharina

Lund University

SE

2nd UTI-Interference

senior researcher

Tarazona, Sonia

Centro de Investigación Príncipe Felipe (Valencia)

ES

2nd TRANSPAT

postdoc

Tomas, Anna

CSIC-Fundación Caubet-CIMERA Illes Balears

ES

2nd FunGen

postdoc

Torrents Serra, Eduard

Institute for Bioengineering of Catalonia

ES

2nd Shiga toxin

senior researcher

CDIFFGEN
/sncRNAomics
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Tournebize, Régis

Institut Pasteur

FR

2nd FunGen

senior researcher

Turrá, David

Universidad de Córdoba

ES

2nd TRANSPAT

postdoc

Valiante, Vito

Hans Knoell Institute, Jena

DE

2nd AntiFun

postdoc

Vandenesh, Francois

University Lyon/INSERM

FR

3rd ARMSA

senior researcher

Virok , Dezso

University of Szeged

HU

2nd ChlamyTrans

senior researcher

Vogel, Ulrich

University of Würzburg

DE

2nd CoMeVac

project coordinator

Wex, Thomas

Otto-von-Guericke University Magdeburg

DE

3rd HELDIVPAT

senior researcher

Wilson, Duncan

Hans Knoell Institute, Jena

DE

3rd CandiCol

postdoc

Wynands, Michael

BMBF/PtJ

DE

N/A N/A

ERA-NET member
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Restaurant “LaVieja”, in La Caleta
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