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The GMMS3 programme in short

Saturday August 30

16:00-18:00 Registrationoutside Main Auditorium Rikshospitalet
18:00 Opening lecture and ReceptioMain Auditorium Rikshospitalet
19.30 Bus transportfrom Rikshospitalet to D/S Louise, Aker Brygge
20.00 Dinnerat Restaurant D/S Louise, Aker Brygge, Central Oslo

Sunday August 31

9:00 -17:00 GMM3 sessions1 The Main Auditorium Rikshospitalet

19:30 Bus transportfrom SAS Radisson Hotel to Holmenkollen Park Hotell
20:00 Festive dinnerat Holmenkollen Park Hotell

23:30 Bus transportfrom Holmenkollen Park Hotell to SAS Radisson Hote

Monday September 1

9:00 -17:00 GMM3 sessions1 The Main Auditorium Rikshospitalet

17:00 Bus transportfrom Rikshospitalet to Opera House

18:15 Bus transferfrom Opera House to Pier 2 by City Hall

18:30 Boat trip and dinneronboard S/S Christiania departing from Pier 2

Tuesday September 2

9:00 -17.00 GMM3 sessionm The Main Auditorium Rikshospitalet
16:15 Course exanat Rikshospitalet Seminar room (for PhD students)



Tram 17 and 18 to Rikshospitalet

Pier 2

Opera house



3" Microbial Genome Maintenance Meeting:
Transformation and DNA repair

Genome dynamics and consequences for microbial genome
stability/instability, fitness for survival and vir ulence

August 30 - September 2, 2008
Rikshospitalet, Oslo, Norway

Programme

Saturday August 30

16:00 Registration /£

18:00 Opening lecture

Graham Walker, MIT, US: “Life can be stressful: Genome stabibiryd instability”

Reception in the Rikshospitalet glass mall

Dinner at Restaurant D/S Louise



Sunday August 31

Session 1 — Genome dynamics and DNA repair
Convenor: Tone Tgnjum

9:00 Dan Andersson Uppsala, Sweden: “Fitness constraints on horizonta gansfer”

9:30 Stewart Shuman Sloan-Kettering Institute, New York, US: “Mechanisofs
bacterial NHEJ”

10:00 Miroslav Radman,INSERM, Paris, France: “Genome dynamics and the
robustness of microbes”

10:30 Coffee break

Session 2 — DNA repair
Convenor: Josep Casadesus

11:00 Robert Fuchs Marseille, France: “Nucleotide excision repair-indugedetic
instability inE. coll

11:30 Martin Marinus, Boston, US: “Dam methylation and enterohemorrhagic
Escherichia collO157:H7”

12:00 Magnar Bjaras,Oslo, Norway: “The LexA regulateisABanddinQ genes
modulate UV protection i&. coll

12:30 Lunch / Poster viewing

Session 3 — Horizontal gene transfer
Convenor: Charles Dorman

14:00 Fernando de la Cruz Santander, Spain: “Diversity and mechanism of the
conjugation machinety

14:30 Rainer Haas Munich, Germany: “Role dflelicobacter pyloritype IV secretion
systems in DNA transfer and virulence”

15:00 Coffee break

15:30 Pascal SimonetCNRS, Ecole Centrale de Lyon, France: “Regulation of HET b
natural transformation iRalstonia solanacearum

16:00 Beate Averhoff Frankfurt, Germany: “The Ins and Outs of DNA transfer i
Thermus thermophiltis

16:30 Snacks, poster viewing and discussion
19:30 Bus transport from SAS Radisson Hotel

20:00 Festive dinner at Holmenkollen Park Hotell



Monday September 1

Session 4 — Transformation
Convenor: Chris Bayliss

9:00 Jean-Pierre Claverys Toulouse, France: “Interplay of DprA, RecA, and SsbB in
the processing of transforming DNA 8treptococcus pneumonfae

9:30 Donald A. Morrison, Chicago, US: “Regulated proteolysis in the competence
pheromone response $freptococcus pneumoniae

10:00 Sigve HavarsteinUniversity of Life Sciences, Norway: “A predatory rhagism
dramatically increases the efficiency of lateral gene transfetr@ptococcus
pneumoniaé

10:30 Coffe break

Session 5 — Adaptation and antigenic variation
Convenor: Sigve Havarstein

11:00 Stuart Hill, Chicago, US: “Pilin gene variation heisseria gonorrhoeae
reassessing the old paradigms”

11:30 Tone Tgnjum Oslo, Norway “Meningococcal versus mycobacterial genome
dynamics”

12:00 Ole Herman Ambur, Oslo, Norway: “The impact of the neisserial DNA uptake
sequence on genome evolution and stability”

12:30 Lunch and poster viewing

Session 6 — Evolution
Convenor: Ole Herman Ambur

13:30 Regine HakenbeckRegensburg, Germany: “Genomic evolutiorStkptococcus
pneumonia@ndStreptococcus mitis what is a species?”

14:00 Brigitte Gicquel, Paris, France: “Evolution and diversity as told by genome
stability keepers iMycobacterium tuberculosis

14:30 Eduardo P. RochaParis, France: “The dilemma of the bacterial genome batwee
organisation and creativity”

15:00 Bjgrn Dalhus,Oslo, Norway: “Structural basis for hypoxanthine recognition and
3’ incision by endonuclease V”

15:30 Coffee break
16:00 Open discussion: “What is missing? Where do we go fronete?”
Meet the speaker — student presentations — sponsor gentations

Poster viewing / Discussions

17:00 Dinner excursion / Boat trip



Tuesday September 2

Session 7 — Genome instability
Convenor: Eduardo Rocha

9:00 Chris Bayliss Oxford, UK: “Phase variation rate: Determinants of antefs
implications forNeisseria meningitidiandCampylobacter jejuii

9:30 Jesus BlazquezMadrid, Spain: “Antibiotic stress and genome aiity”

10:00 Coffee break
Poster viewing

Session 8 — Honorary lecture: Doctor medicinae homie causa Universitas Osloensis
Convenor: Ole Petter Ottersen

11:00 Vilhelm A. Bohr, NIA, NIH, US: “Genome dynamics in aging”
12:00 Lunch and poster viewing

Session 9 — DNA regulation and replication
Convenor: Mike Koomey

13:00 Josep Casadesydniversidad de Sevilla, Sevilla, Spain: “Roles of DNA adenine
methylation inSalmonellavirulence”

13:30 Charles Dorman University of Dublin, Ireland: “Regulatory integration of
horizontally acquired genes: a role for nucleoidsasged proteins”

14:00 Coffee

14:30 Kirsten Skarstad,Oslo, Norway: “Organization dEscherichia colreplication
forks by the SegA protein”

15:00 Steven J. SandletJniversity of Massachusetts at Amherst, US: “Deiamg
mechanisms of constitutive SOS expressio.inoli using fluorescence microscopy and
single cell analysis"

15:30 Berenike Maier,University of Minster, Germany: "Quantitative arsdyof
competence developmentBacillus subtilis

16:00 Closing remarks
16:15 Course exantfor doctoral students)
The posters will be accessible throughout the meati

The program might be subject to minor changes
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Abstracts

In order of
appearance



Life Can Be Stressful: Genome Stability and Instabity

Graham C. WalkeDepartment of Biology, Massachusetts Institute @finology, Cambridge,
MA 02139

All organisms possess an impressive number of sgstkat help cells cope with damage to
their genetic material from both exogenous and gedous agents, either by moving the
damage and repairing the DNA (e.g nucleotide eswisépair) or tolerating the damage (e.g.
translesion DNA synthesis). In TLS, specializedDpblymerases incorporate a
deoxyribonucleotide opposite a lesion that woultkowise interfere with DNA replication.
Escherichia colpossesses two Y Family TLS DNA polymerases, whiehencoded by the
SOS-regulatedmuDCanddinB genes. Similarly to LexA, the UmuD protein undezg@
facilitated autodigestion when it interacts withcRé&ssDNA nucleoprotein filaments to
generate UmuD’. The cleaved form of tihmuDgene product interacts with UmuC (DNA pol
V), the DNA polymerase that is responsible for mdgtand chemical mutagenesis because of
its ability to polymerize over a variety of lesio@ur recent discovery that DinB (DNA pol V)
is a much better polymerase when copying &Wefurfuryl-dG than over ordinary dG suggests
a biological role of carrying out relatively accted&NA synthesis over a common clas\of
dG adducts. Recent unexpected results have reviralethe products of thenuDandrecA
genes not only control the functions of UmuC bsbahe functions of DinB. Our discovery that
UmuD, and UmuD; are intrinsically disordered proteins is offeringights into how they are
able to coordinate DNA polymerase action by makmgtiple highly specific contacts. The
umuDCanddinB gene products can stabilize a replication fork eendy out limited mutagenic
DNA synthesis after dNTP limitation by hydroxyur@#l) inhbition of ribonucleotide
reductase, Following up on this observation, wesHaund that treatment &. coli with HU
results in a complex cellular response involvinghiqmathways promoting cell survival and
pathways promoting cell death.



Fitness constraints on horizontal gene transfer

Dan | Anderssomand Peter Lind
University of Uppsala, Department of Medical Biogtistry and Microbiology, Box 582, S-
75123 Uppsala, Sweden

The rate of horizontal gene transfer (HGT) in natigrconstrained by a number of different
factors, including ecological opportunity for trées efficiency of DNA uptake, stable
integration and expression and of the genes asaséle fithess effects of the gene products.
Recently transferred genes are likely to be fumetiy suboptimal, requiring adaptation and
fine-tuning of interactions with various pathwagghe new host, and the extent of
suboptimality is expected to depend on the phyletiemlistance between donor and recipient.
Different classes of genes show different likelitieof transfer and genes that are part of
complex subcellular systems (e.g. the ribosomd)ithee many interactions with resident
components are less likely to be stably transfditad those with fewer interactions. We
determined the fitness effect and fate of horizbnteansferred and suboptimal genes that are
part of the ribosome by transferring via site-sfpececombination three ribosomal protein
genesipsT, rplAandrplQ) from various microbes into tigalmonella typhimuriurgenome.
HGT of eubacterial genes had unexpectedly smadteffon bacterial fithess but they were
sufficiently large to make the probability of HGirtually nil in natural situations. Existing
fithess costs could be rapidly and efficiently aovalted by gene amplification and increased
dosage of the transferred ribosomal gene. Theségésply a functional coupling between
HGT and the de novo creation of new genes via dicgiion and divergence.



Mechanism of Bacterial DNA Break Repair via NHEJ

Stewart Shumanlide Aniukwu, Hui Zhu and Michael Glickman
Memorial Sloan-Kettering Cancer Center, New York, NSA

DNA double-strand breaks (DSBs) can be repairedh@iaologous recombination or
nonhomologous end joining (NHEJ). Because NHEJ doesely on a homologous DNA
template, it can operate when only one chromosanm is available. Recent studies have
illuminated the existence of an NHEJ pathway intéxd& and its role in repairing DSBs in the
bacterial chromosome, especially during quiescags such as sporulation or late stationary-
phase culture. The common thread in eukaryal antkbal NHEJ is their reliance on the DNA
end-binding protein Ku and a dedicated ATP-depenD@A ligase (Lig4 in eukarya, LigD in
bacteria). Whereas Ku and Lig4 are present in thieepmes of nearly all eukarya, only a subset
of bacteria have genes encoding Ku and LigD, anvamigh are the human pathogens
Mycobacterium tuberculosi®seudomonas aerugingsandBacillus anthracisand the plant
pathogerAgrobacterium tumefaciens

The efficiency of NHEJ of blunt and 5’-overhang DxSiB mycobacterium is reduced several
hundred-fold by deletion of Ku and by ~100-folddsletion of LigD. LigC provides an

efficient backup sealing function in mycobacteriaenw LigD sealing activity is ablated by a
mutation of the ligase active site. LigD is a largeltifunctional enzyme consisting of an ATP-
dependent ligase domain (LIG), a polymerase doifi®@L) and a 3’-phosphoesterase domain
(PE). LigC is a minimal ligase with no auxiliaryrdains. The complexity of the bacterial NHEJ
ligase menu ranges from the relatively simple dtated inPseudomonas aeruginogahich

has a single LigD, and no LigC), to progressivetyrencomplex forms iMycobacterium
tuberculosigsingle LigD, single LigC)Mycobacterium smegmatfsingle LigD, two LigCs),
andAgrobacterium tumefacierfsvo LigDs, three LigCs).

We will present biochemical and genetic studies ténaeal an underlying logic to the domain
organization of bacterial LigD.



Abstract for Genome Maintenance Meeting (GMM3) 81£002/09, 2008:

GENOME DYNAMICS AND THE ROBUSTNESS OF MICROBES
Miroslav Radman

University R. Descartes - Paris-5, France

Inserm Unit 571 — Faculty of Medicine

Paris

Molecular biology was hallmarked by the study @& thst growing — fast evolving bacteria, such
asEscherichia coliLarge population sizes, variable mutation ratesfzorizontal gene transfer
endow fast growing bacteria with an awesome adajtotential based on powerful selection
from huge pools of genetic diversity. Persistefiet dif such bacteria is based on strong selection:
repeated preferential survival of a small “winnirfgdction of the population (new favorable
mutants) that replenishes by fast growth in seqakfselective sweeps”. This is selection for
efficiency and “investment” in population fitness.

| shall present what appears as an alternativaiggnhry strategy of survival: the selection of
robustness instead of efficiency that occurs uhdesh environmental conditions that preclude
growth of standard organisms. This provides a tdlugtury” of life devoid of competitors. It is

an “investment” in the fitness of the individughparently built-up by acquisition of genes across
kingdoms of life. A slow grower, but a championrobustness, iBeinococcus radiodurans

shall review the known molecular mechanisms ofataistness, the most spectacular being the
DNA repair of the genome shattered to hundredsagfmients by ionizing radiation, chemicals or
desiccation (Zahradka et &lature 443:569-573, 2006).

If growth of former bacteria resembles the lifelstyf epithelia, Deinococcusnay be a

paradigm for resilient non-dividing neurons andrheauscle cells in the human organism. The
study of the mechanisms of deinococcal robustraéssg with its sturdy eukaryotic congeners
such as tardigrada, bdelloid rotifers and someufrestion plants”, could mark the emergence of
a new biology of resilience with a potential impaatpublic health and medicine.



Nucleotide Excision Repair-induced Genetic Instabity in E. coli

Robert P Fuchs
Genome Instability and Carcinogenesis, CNRS UPR. 308402 MARSEILLE (France)

In E. coli, Pol V (encoded by themuDC operon) is the major Translesion Synthesis
(TLS) DNA polymerase responsible for the inductioh most mutations. This organism
possesses another specialized DNA polymerase Po{divB) the role of which is still
enigmatic. In this presentation we show that PoligMnvolved in a replication-independent
mutation pathway that accounts for70 % of mutations induced by UV-light in a wildgey
strain. Genetic studies reveal that this new momagpathway requires thavrABC genes
involved in Nucleotide Excision Repair (NER). NERa major repair pathway that involves
dual incisions on each side of bulky lesions threating short 12-13 nt long gaps that are
normally filled-in by Pol I. While approximately 98 of the repair patches are indeed short, the
remaining 1% have previously been shown to be at|@500 nt long (Cooper, 1982). We
hypothesize that NER-induced mutations (NER-IM paty) occur during the filling of these
abnormally large NER excision tracks when a sedesion resides within the gap. While Pol V
appears to be directly responsible for the mutagerent that occurs when it synthesizes a
short TLS patch opposite the lesion in the gap,laity to what occurs in the ‘classical’
Replication-induced Mutation pathway (R-iM), Pol Bppears to play a key role in the gap-
filling reaction overall. Mechanisms that genenadént mutations under stress in the absence of
DNA replication such as the NER-iM pathway desalibeere may prove to be of general
importance for the induction of genetic diversitynion-dividing cells.

Cooper, P.K. Characterization of Long Patch Excist@pair of DNA in UV-irradiated E. coli:
an inducible function under Rec-Lex Contidiol. Gen. Genet(1982) 185: 189-197



Dam Methylation and Enterohemorrhagic Escherichia coliO157:H7
M.G. Marinus University of Massachusetts Medical School, WeteeMA 01605 USA

EnterohemorrhagiEscherichia col(EHEC) O157:H7 is highly-infectious and capable of
causing severe and potentially fatal diarrheaé8bes and is one of the most common causes of
food and water-borne disease in the USA, Europelapdn. As a critical step during their
colonization, EHEC adhere intimately to intestiepithelial cells and generate filamentous
actin ‘pedestal’ structures that elevate them alsowsounding cell surfaces. Intimate adhesion
and pedestal formation result from delivery of efite proteins such as Tir and EggRto the
host cell and expression of the bacterial outer bmame adhesin, intimin. Wildtype EHEC
strains recapitulate adherence and pedestal farmeadry poorly on cultured human cells in
vitro. EHEC dam a mutant lacking DNA adenine methyltransferaghiléts dramatically
elevated levels of pedestal formation when comptred|d type EHEC, and expresses
significantly higher protein levels of intimin, Tand Espg. This increase is not due to
increased transcription levels, raising the pobsitihat a post-transcriptional mechanism is
responsible. We have found that the increase iegiatiformation is dependent on the Hfg
protein, an RNA chaperone which catalyzes bindingnmall regulatory RNA (SRNA)
molecules to messenger RNA. We are currently atiiegnpo identify the SRNA(S) involved.



The LexA regulatedtisAB and dinQ genes modulate UV protection irkE. Coli.
Magnar BjgrasRagnhild Weel-Sneve, James Booth and Knut |.tidrisen
Institute of Microbiology, Centre of Molecular Bogly and Neuroscience, University

of Oslo, Rikshospitalet, Norway

Exposure of Escherichia coli to agents that danialy@\ or interfere with DNA
replication induces the expression of a set of géermed the SOS response. Many of
the genes induced as part of the SOS response twdpeoteins involved in DNA
repair, recombination, DNA replication and cellidien. The key regulators of SOS
induction are the RecA protein and the LexA repesalthough the expression of
the LexA-regulated genes B coi has been extensively studied, the role of several
SOS genes is still unknown, including tdenQ gene and theisAB gene. Both
transcripts are regulated by RNA interference. Mueg, overexpressing thienQ or
tisAB genes in wild type cells increase UV-sensitivéypporting that constitutive
expression oflinQ modulates the cellular protection to UV expostlmeaddition, we
find that overexpression disAB is necessary for cleavage of th@&aA mRNA,
encoding altronate dehydratase, an enzyme speficfeeding the sugar acid
galacturonate into the Entner Doudoroff pathway).(Ithe presence of antisense
sequences toixaA and also to the SOS inducible ged@&D, suggests additional

regulatory complexity in thesAB function.



Diversity and mechanism of the conjugation machiner

M. Pilar Garcillan-Barcia and Fernando de la Cruz
Departamento de Biologia Molecular (UniversidadCdamtabria) and Instituto de Biomedicina y
Biotecnologia de Cantabria (C.S.I.C.), C/ Herrerm &/n, 39011 Santander, Spain

Plasmid conjugation is a leading mechanism for tieesechange in bacteria and thus an
important mechanism of bacterial evolution. Anaysf the diversity of conjugative systems
indicates that there is a single predominant mdashaof plasmid conjugation. In our analysis,
the relaxase protein superfamily was divided irtgirofamilies (MORB, MOB;, MOBq,

MOBen, MOVy, MOBy, and MOR:). This allowed the classification of conjugatigistems in
seven MOB families, which represent the diversftthe conjugative machinery. The NCBI
database of plasmid sequences, composed of > pl@8@ids from complete microbial
genomes, was analyzed for relaxase diversity. Weuget an idea of the plasmid landscape in
the database: distribution by phyla, plasmid gielaxase family, etc. Analysis of these data
unveils the diversity and relationships of the knawenjugation systems. Besides, it will
provide researchers with a useful tool for furthnning and analyzing the plasmid universe
both experimentally and in silico.

The universal mechanism of conjugation involvesdleavage of the transferring DNA in a site
calledoriT by a protein termed relaxase. As a result of élaetion, the relaxase becomes
covalently bound to theriT DNA. The resulting nucleoprotein complex is tramsed to the
recipient cell by a protein export mechanism kn@srype IV secretion system. The DNA is
actively pumped into the recipient cell by the ty@gecoupling protein (T4CP). We have
analyzed some details of the mechanism of conjug&NA processing by examining plasmid
R388. Our latest results on the mechanism of actidhwC, plasmid R388 specific relaxase,
will be presented. Specifically we will discus ttlifferent roles played by TrwC two catalytic
tyrosines: Y18 and Y26.



Role ofHelicobacter pyloritype IV secretion systems in DNA transfer and
virulence

Wolfgang Fischéer Matthias Zeillet, Lukas Windhagér Ralf Zimmef and Rainer Hads
Max von Pettenkofer Institute, Department Bactegyl, LMU Munich, Munich, Germany
%|nstitut fuer Informatik, LMU Munich, Munich, Germg

Helicobacter pyloricolonizes the gastric mucosa of half of the wqrtbulation and may
cause chronic gastritis and peptic ulceratlenpyloriis one of the most diverse and variable
bacterial species known. Disease induction is styodgpendent on the particular typetf
pylori strain. Thus, type H. pylori strains, which carry a functionabgtype IV secretion
system €agT4SS) and produce an active vacuolating cytot@XiscA) are often associated
with more severe disease as compared to typedinstrwhich lack these virulence factors.
The cagT4SS is encoded on tlwagpathogenicity islandc@gPAl), consists of at least 27
genes and translocates the effector protein Cad¢@\ gastric epithelial cells. Translocated
CagA is tyrosine-phosphorylated by the cellular 8mase. Phosphorylated CagA starts
reprogramming of the target cell by affecting tight junction or adherence junction complex
and by inducing cellular motility (cell scatteringnd cellular elongation (hummingbird
phenotype).

In addition to thecagT4SS, which is only present in typeHl pylori strains, allH.
pylori isolates seem to carry tleenB T4SS, which mediates natural competence for DNA
transformation inH. pylori. The conB system seems to replace the type IV pilus mediate
DNA uptake system, which is found in other natyralbmpetent bacteria instead. In certain
H. pylori strains a third T4SS has been descriésB)( for which no function could be
identified. We started recently a whole genome sequng project of a novél. pylori strain
and identified an additional T4SS in this straimiech we termedfs4. This particular strain
carries actually all four T4SS in parallds4 seems to represent a complete T4S8.ipylori,
since it carries homologues of all 11 genes of gh&totypic Agrobacterium tumefaciens
T4SS. The function dfs4in H. pylori is not known yet, but due to the gene content Heth
andtfs4 seem to represent DNA transfer systems.
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The Ins and Outs of DNA transfer inThermus thermophilus

Beate Averhoff
Molecular Microbiology & Bioenergetics, Institutef dolecular Biosciences, Goethe University
Frankfurt/Main, Germany

Thermus thermophiludB27 is well known for its extraordinary trait oigin frequencies of natural
transformation, which is considered a major medrarof horizontal gene transfer. DNA transport in
T. thermophilugs mediated by a macromolecular transport machiwgich is linked to type IV pili
biogenesis. The DNA translocator consists of atléé subunits involving pilin-like proteins, a
secretin-like usher of the DNA translocator in theeer membrane, a AAAATPase, a DNA binding
protein as well as integral inner membrane protévisstern blot analyses revealed that eight
competence proteins, PIIMNOWQ, PilC, PilF, andARiare components of a DNA translocator
structure spanning the inner and outer membranep@mtive mutant studies revealed that the
nonconserved PilwW and the secretin PilQ signifigaatfect each others localization in the outer
membrane. Furthermore no pilin-like PilA4 was prase the outer membranes of these mutants.
From these findings we conclude that the abilitERilW, PilQ, and PilA4 to stably localize or
accumulate in the outer membrane fraction are glyatependent on one another, which is in accord
with an outer membrane DNA translocator complex masmg of PilwW, PilQ, and PilA4. The
structure and function of this protein complexusrently under investigation.

DNA binding and/or transport studies with differérnsformation-defect mutants revealed that the
pilin-like competence protein PilA4, the potentiabtor protein PilF, the conserved competence
protein ComEA and the nonconserved PilW are essddnti DNA transport. The secretin PilQ was
found to be involved in DNA binding and the compete proteins PilA1-3, ComEC-, PilC-, ComZ-,
PilM-, PiIN- and PilO are essential for DNA transpihrough the periplasm and/or the inner
membrane.

DNA transport studies with heterologous DNAs regdahatT. thermophilugransports DNA from
representatives of the bacteria, eukarya and aachidese results provide growing evidence That
thermophilusplays a major role in interdomain DNA transfeektreme environments.



Interplay of DprA, RecA, and SsbB in the processingf transforming DNA
in Streptococcus pneumoniae

Jean-Pierre Claverys

Laboratoire de Microbiologie et Génétique Molécadaj UMR 5100, CNRS, Université Paul
Sabatier, 118 route de Narbonne, 31062 Toulousex68d France

Genetic transformation, which was originally disemed in the human pathoge®treptococcus
pneumoniagthe Pneumococcus), is widely distributed in natlireslies on a process that is inherent
to the species and constitutes a bacterium-progemmechanism for genetic exchange. Natural
transformation proceeds through the uptake of exage DNA and subsequent homology-dependent
integration into the genome. B. pneumonigethe processing of internalized single-strandedADN
involves the transformation-dedicated single-stethdNA (ssDNA) binding protein, SsbB, the
ubiquitous recombinase, RecA, and DprA, a proteidelyi conserved in bacteria. Intriguingly,
inactivation ofdprA or recAresults in immediate degradation of incoming ssDNWAese data suggest
that DprA and/or RecA could be involved in the pation of ssDNA. Consistent with this view,
purified DprA binds ssDNA and protects it from rem$es. On the other hand, ssDNA is recoverable
from lysates of transformed cells as a nucleadstegsg nucleoprotein complex. The major protein
component of this complex was recently identifiedSsbB. The possible significance of these data
will be discussed.



Regulated Proteolysis in the Competence Pheromonee&oonse of
Streptococcus pneumoniae

Donald Morrison Laboratory for Molecular Biology, DepartmentRiblogical Sciences,
University of lllinois at Chicago, Chicago, IL 606 USA

Development of competence for genetic transformatidstreptococcus pneumoniae
both highly coordinated and stringently controll€hordination within a population is
mediated by a secreted peptide pheromone, CSPhwhicreaching sufficiently high
levels, up-regulates transcription of eleven operafia a two-component signal
transduction system receptor, ComD, and a cognatedription factor, ComE. Among
the products of this set of 'early’ operons is #lernative sigma factor ComX, and a
co-factor, ComW, which in turn direct transcriptiari 21 ‘late’ operons. Protein
products of late operon genes include effectorsDOFA transport and genetic
recombination, as well as lysis of non-competefis cRegulation of the expression of
genes in both sets is stringent, with transcripéle of operons in both sets modulated
by factors of over one hundred-fold. Nonethelessadditional layer of regulation is
being revealed, imposed by activities of a clasbazterial ATP-dependent proteases
that frequently carry out regulated proteolysighAugh the participants and targets are
unclear, for examplelpP down-regulates basal expression of the operon @mgake
competence pheromone and its receptor TCSTS, sugges proteolytic mechanism
affecting critical steps in early gene expressibime response regulator ComE is itself
guite stable, but recent evidence indicates that Eteps of signal transduction are also
subject to proteolytic regulation, as ComX is lakekcept irclpE or clpP mutants, and
ComW is similarly unstable except@pC or clpP mutants. Finally, at least one critical
recombination protein, CoiA, is rapidly degradedtla termination of competence.
Multiple levels of regulation are apparently regdirto coordinate development of

competence, not least because competent cellsacse dysis of non-competent cells.



A predatory mechanism dramatically increases the é&tiency of lateral
gene transfer inStreptococcus pneumoniae.

S. Havarstein
University of Life Sciences, Norway

During the last two decades pneumococcal resist@ngenicillin and other antibiotics
has increased at an alarming rate worldwide, aldpireent that has caused growing
concern among physicians. Pneumococci acquire ifgnresistance determinants from
their commensal relativestreptococcus mitiandStreptococcus oralisy a mechanism
called natural genetic transformation.

It has previously been demonstrated that competeEiimococci attack and lyse their
non-competent siblings during co-cultivatioit remains to be shown, however, whether
cross-species lysis takes place, and if the lysishanism actually contributes to
increased gene transfer between target and attaeker To answer this question we set
up anin vitro co-cultivation assay that enabled us to detectyaraahtify transfer of a
novobiocin marker from target to attacker cellscgithe lysis mechanism is completely
dependent on CbpD, co-cultivation experiments uaitecker cells lacking this protein
were run in parallel as a negative control. Intingly, the results of the co-cultivation
experiments showed that the competence assocyaischtechanism has a dramatic
impact on intraspecies gene exchangs.ipneumoniad.ransfer of the novobiocin
marker was a thousand-fold more efficient with ClgpbDficient compared to CbpD-
deficient attacker cells. Similarly, the lysis manlsm also has a strong positive effect on
interspecies gene exchange. Pneumococcal attagkbra functionakcbpD gene were
forty-fold more efficient than thecbpD deficient sister cells in capturing DNA fro
oralis SK153. In a corresponding experiment withmitisNCTC12261 target cells the
difference was ten-fold. This gene-exchange meshagives pneumococci and their
close relatives access to a common gene pooldisagnificantly larger than their own
genomes, a property representing a considerabbméatye when these bacteria are
subjected to external selection pressures such@snation and treatment with
antibiotics.

IClaverys, J.P. and Havarstein, L.S. (208@jure Reviews Microbiolog$, 219-229.



Pilin gene variation in Neisseria gonorrhoeaeeassessing the old
paradigms

Stuart Hill Tracy Woodward, Andrew Reger, Rachel Baker, anerdsa Dinse
Northern lllinois University, Department of Biolagil Sciences, DeKalb, IL 60115 USA

The role of the RecBCD recombination pathway ifERihtigenic variation iftNeisseria
gonorrhoeads contentious and appearsto be strain dependdet.strain dependency
appears to be due to innate recombination/repii@reihces between different gonococcal
strains, with strains FA1090 and R&" bacteria presenting pronounced recombination/repair
defects, whereas strain MSfielc” bacteria presenting a more robust repair phenotype
Consequently, MS1recB mutants were found to be highly susceptible to DiNatments

that caused double-chain breaks as well as beifegtile forpilE/pilS recombination. As
pilE/pilS recombination is able to proceed with gonococai tharry invertegilE loci, then

for recombination/repair proficient gonococci a RE®D-mediated double-chain-break repair
model is proposed as the major pathway for Pilkgantic variation. Nonetheless, residual
pilE/pilS does occur in MS1ecB mutants which may be explained by the emergence of
growth suppressor mutations within the populatidherefore, the feasibility of an
alternative successive half crossing-over modekggored using DNA transformation as a
surrogate mechanism to target spe@ifl& recombination events. From these studies we
conclude that successive half crossing-over idlitsaget considerable genetic constraints
must be overcome; notably, some mechanism musaibtbat ensures that the second half
crossing-over step occurs within the sgnii8 gene copy as the first half crossing-over step.
Furthermore, the contribution of DNA mismatch-regaipilE gene variation is also
examined. ComparingilE/pilS recombination between MStéc'and MS1ImutSmutants,
we found little difference in recombination propigyshowever, a noticeable difference was
observed with respect to pilus phase variation.



Meningococcal versus mycobacterial genome dynamics

Tonje Davidsen, Stephan A. Frye, Seetha V. Balasing O. Herman Ambur, Havard
Homberset, Emma Lang, Kristian Alfsnes, Tone Tgnjum

Centre for Molecular Biology and Neuroscience amstitute of Microbiology, University of
Oslo

Neisseria meningitidiandMycobacterium tuberculosare major pathogens worldwide that
exhibit different survival strategies as an oppuaigtic mucosal surface organism and an
intracellular parasite, respectivelN. meningitidifaces up to the environment in its exclusive
human host with a small but hyperdynamic genomégvitis naturally competent for
transformation throughout its life-cycle. We conosted a panel dfl. meningitidisnutants
inactivating genes representing all the main DNpgaiepathways. The highest spontaneous
mutation frequency among tihe meningitidissingle mutants was found in the MutY-deficient
strain as opposed toutSmutants irEscherichia coliindicating a role for meningococcal MutY
in antibiotic resistance development. In generaljrett differences betwedw. meningitidisand
established DNA repair characteristicEincoli were found. We also searched for DNA binding
proteins in meningococcal cellular fraction in artieidentify the entire complement of proteins
driving the transformation machinery. Interestinghe pilus biogenesis components PilQ and
PilG both binds DNA.

In contrast td\. meningitidisM. tuberculosiexists in genetic isolation with a relatively
static genome and no horizontal gene transfer,rabpg on localized intragenomic mutation and
recombination events for variation mediating addmbaNo less than fouvl. tuberculosiggene
homologs belonging to tHpg/neifamily have been identified. The main Fpg homditip-Fpgl
exhibited enzyme activities typical for Fpg enzypmmgygesting that Mtb-Fpgl plays a significant
role in the defense against oxidative damage. Bvaugh theMtb-fpglgene itself is nearly
completely conserved, the region upstreaitd-fpglin a panel of 3241. tuberculosissolates
contained variable number of tandem repeat mo#iT(Rs). Varying levels oMtb-fpgl
expression was detected in strains with long awodt slpstream repeat regions, indicating that the
length of these tandem repeats affects gene expndssels. This is the first evidence linking
VNTRs, which otherwise has only been assessedrasf@M. tuberculosicomplex typing
scheme, to the expression level of a gene. Talgather, these results contribute to resolving the
genotype / phenotype relationships of meningocoaedlmycobacterial genome variability,
conservation and mutator activity, relevant foiledise development in a number of prokaryotic
and eukaryotic systems.



The impact of the neisserial DNA uptake sequence @ienome evolution and
stability

0. Herman Ambur Stephan A. Frye Todd Treangeh Eduardo P. RocRaTone Tanjurh

Centre for Molecular Biology and Neuroscience, itngt of Microbiology, University of
Oslo, Rikshospitalet, Norway, afdtelier de Bioinformatique, CNRS, Institut PasteRaris,
France

Generating genetic variation in the pathogdaisseria meninigitidiss vital for
avoiding the specific activities of the immune r@sge of its exclusive human host.
Horizontal transfer of DNA by means of transforroathas generally been regarded
as a major contributor to such variation. Howewasalysis of the distribution of the
abundant DNA uptake sequence (DUS) suggests thatdimand for genetic variation
is not the main selective pressure that has dtiverevolution of the complex process
of transformation. Since DUS are required for &t transformation, their genome-
wide distribution provides an unparalleled insigtio their evolutionary role and that
of transformation itself. We aligned six completengmes from three different
neisserial species, defined the core genome arassess DUS distributions and we
found that DUS clustered in the core genome andeveampletely absent from
recently acquired and recently lost sequence. Eurtbre, DUS was
underrepresented in regions of the core genomewibeg under selective pressure
driving diversification, suggesting that DUS ard pamarily involved in generating
variation at these loci. We observed a strikingrelation between the distance
between DUS elements in the genomedNefsseriaand the length of conversion
fragments, indicating that the DUS distributiontumed over evolutionary time and
can best be explained by a history of recombinatAs many other pathogeni,
meningitidisstrains have hyperdynamic and adaptable genonhesteBults presented
here suggest that transformation is not the maimcgoof genome instability. Since
transformation allows the re-assortment of all@gsopulations this process can both
reduce clonal interference, the competition betwaéaptive mutations in different
clones, and efficiently purge deleterious mutatiombus, rather than promoting
variation, our data suggests that transformatiopréslominantly regenerative and in
the course of evolution represents a conservateehanism.



Genomic evolution of ~ Streptococcus pneumoniae and Streptococcus mitis —
what is a species?

Regine Hakenbeck
Department of Microbiology, University of Kaiserslautern

Streptococcus mitis represents a cluster of commensal bacteria that are the closest relatives
of the major human pathogen Streptococcus pneumoniae according to a comprehensive
MLST analysis covering over 110 oral streptococci and S. pneumoniae isolates (1). We have
determined the complete nucleotide sequence of the chromosome of S. mitis B6, an
unusually high-level beta-lactam resistant and multiple antibiotic resistant strain (2). The 2.14
Mb S. mitis genome contains large genomic islands including a prophage of the Myroviridae
type, determinants for tetracycline and aminoglycoside resistance homologous to those
found in Staphylococcus aureus and Enterococcus spp, and clusters that occur in other
streptococcal species such as a V-type ATPase, and a serine rich cell surface protein plus
associated glycosyl transferases. The genome contains over 140 kb dedicated to IS
elements and transposases, BOX elements, integrases and recombinases. It differs in over
600 kb DNA from the S. pneumoniae R6 and TIGR genomes. An S. mitis B6 specific
oligonucleotide microarray covering all genes and large intergenic regions was applied to
comparative genomic hybridizations with S. mitis and S. oralis strains, in addition to a
genomic comparison of S. mitis B6 with available S. pneumoniae genomic data (3). The data
show that S. pneumoniae is very closely related to S. mitis and might even be considered to
be derived from an ancient S. mitis clone, whereas S. oralis strains are clearly separated.
Many of the co-called virulence factors of S. pneumoniae are found in oral streptococci, and
physiological relevant choline binding proteins are present not only in S. mitis B6 but in many
other S. mitis isolates as well. The data represent a valuable tool to reconsider the definition
of the core-genome and accessory genome of these species.

(1) Chi et al., 2007. Int. J. Med. Microbiol.
(2) Konig et al., 1998. Microb. Drug Res. 4: 45 — 49.
(3) Hiller et al., 2007. J. Bacteriol. 180: 8186 — 8195.



Evolution and diversity as told by genome stabilitjkeepers in
Mycobacterium tuberculosis

Brigitte Gicquel, Tiago Dos Vulto§ Olga Mestrg Carlos MartiR, Vania Rosas-Magallanelvan
Matic®, Tone Tonjurfy Patrick Deschavanhand Olivier Neyrolles

1Mycobacterial Genetics, Unit Institut Pasteur, dfrance

2 Department of Microbiology, University of Sarago&pain

3 Institut National de la Santé et de la Recherckdibhle U571, Faculté de Médicine, Université
Paris V, Paris, France

4 Centre for Molecular Biology an Neuroscience arstifute of Microbiology, University of Oslo,
Norway

5 Equipe de Bioinformatique Génomique et MolécalaiNSERM UMR-S 726, Université Paris 7,
Paris, France

M. tuberculosiscomplex (MTC) strains are highly clonal. Their laatide sequences are 99.9%
identical. Diversity was initially only observedthe level of repetitive sequences, either direpeats

or mobile elements. TranspositionI86110provides an additional promoter to genes adjacetiidir
insertion site, thus modifying virulence phenotypasdescribed for the MDR tuberculosis outbreak
with strain B in Spain. Our recent analysis ideetifthe presence of sequences that had been atquire
by horizontal transfer with characteristics of majénicity islands. The analysis of variations ingg
involved in DNA repair, replication or recombinati¢3R) showed a higher level of polymorphism as
compared with housekeeping genes not involved irpp@Rways. The consequent lack of fidelity in
genome maintenance may serve as a starting poitiideevolution of antibiotic resistance, fithees f
survival and pathogenicityrhese variations in 3R genes provide genetic markext are useful
to differentiate strains within families and deteatbreaks.



The dilemma of the bacterial genome between orgarson and
creativity

Eduardo Roch
Microbial Evolutionary Genomics, Institut Paste28,rue Dr Roux, 75015 Paris, France.
Atelier de Bioinformatique, UPMC-Paris06, 4 Pl Jass 75005 Paris, France.

Many bacterial cellular processes interact intilyatéth the chromosome. Such interplay is the
major driving force of genome organization. Intéi@ts take place at different scales -mostly
local for gene expression, mostly global for regiion- and lead to the differentiation of the
chromosome into organizational units such as omem@plichores, or macrodomains. These
processes are intermingled in the cell and creatgtex higher-level organizational features
that are adaptive because they favor the intedptdtyeen the processes. The surprising result of
selection for genome organization in prokaryotebhas gene repertoires change much more
quickly than chromosomal structure.Bncolithis is achieved by the existence of integration
hotspots, in other genomes by regionalising vditgbNevertheless, chromosomes are
continuously challenged by rearrangements causeddmynbination between repeated
elements which may themselves be adaptive, eggrierate genetic variability. This leads to a
load of deleterious changes that must be tacklatidgell, e.g. by promoting sexual
exchanges. By analysing the rates of fixed reagam@yts one can now test rigourously the role
of putative determinants of chromosome stability.



Structural basis for hypoxanthine recognition and 3incision by
endonuclease V

Bjgrn Dalhu$? Ida Rosnes? Andy ArvaP, @yvind Edon Olsef Ingrun Alsetf, Paul Hoff
Backé? Weiguo Cad John A. Tainér& Magnar Bjgras?

Centre for Molecular Biology and Neuroscience (CMBMd Institute of Medical
Microbiology, Rikshospitalet-Radiumhospitalet Mali€entre, N-0027 Oslo, Norway.
?|Institute of Clinical Biochemistry, University ofglb, N-0027 Oslo, Norway.

*Department of Molecular Biology and The Skaggsitnte for Chemical Biology, The Scripps
Research Institute, La Jolla, CA 92037, USA.

“Department of Genetics and Biochemistry, South IBadExperiment Station, Clemson
University, Clemson, SC 29634, USA.

Spontaneous deamination of adenine results irrdéinsformation to the mutagenic
hypoxanthine nucleobase in DNA, causing AT to GADgitions at deaminated adenines
during replication. Hypoxanthine is recognized hg 8' deoxyinosine endonuclease V
(EndoV), which is highly conserved with sequencmbltogues in all domains of life.
Here we present the crystal structures of an mad&ndoV mutant in complex with
substrate DNA harboring a hypoxanthine nucleobaseedl as the structure of wild-
type EndoV bound to the nicked product. The streéstueveal a lesion-specific
recognition pocket into which the deaminated basederted. EndoV incises the DNA
at the second phosphodiester bond 3’ of the lesidrthe detailed structure of a
conserved catalytic triad responsible for thiss®f-nicking activity is unveiled. Finally,
the structures reveal a DNA strand-separating wedgée protein surface, probably
playing an important role in the detection othed&Wi substrates like of loops, flaps
and pseudo-Y structures.



Phase Variation Rate: Determinants of and Fitnessmplications for
Neisseria meningitidisand Campylobacter jejuni

Chris Bayliss
University of Leicester, Department of Geneticsjwdrsity Road, Leicester, LE1 7RH, UK

Highly mutable repetitive DNA sequences are a featdi all bacterial genomes. In several
species mutations in simple sequence repeats,tr&ctsiicrosatellites, mediate alterations in
gene expression. The elevated mutation rates séttnacts results in the high frequency,
reversible generation of phenotypic variants terpiealse variation. Multiple genesNeisseria
meningitidisandCampylobacter jejur@re subject to phase variation due to polyC oy@ol
tracts. Most of these genes encode surface prateigeiszymes involved in biosynthesis of
surface structures such that phase variation igjarrdeterminant of fithess. The mutation rates
of these repeat tracts are determined by bothanigtrans-acting factors. The mutability of two
C. jejunirepeat tracts have been examined uking reporter constructs and antibodies to a
surface protein. The mutation rates for thesegrac similar to the rates observed for
mononucleotide repeat tracts in mutator strains.aheningitidis The mutational patterns and
influence of cis-/trans-acting factors on mutapitf theC. jejunitracts will be discussed in
comparison to similar studies in other species. ifffportance of mutation rate for fitness was
also investigated using a bactericidal antibodysiogfor a phase variable epitope Mdf
meningitidis Inactivation of thenutSgene ofN. meningitidisconferred both an elevated phase
variation rate for this epitope and an enhancelityabi escape antibody-mediated bactericidal
activity. These findings will be discussed withenefhce to the biology ™. meningitidisandC.
jejuni.



Antibiotic stress and genomic instability

Jesus Blazquez

Centro Nacional de Biotecnologia (CNB) - Consejp&ior de Investigaciones
Cientificas (CSIC). Madrid, Spain

The widespread use of antibiotics as human andarirarapeutic agents and growth
promoters has produced a major challenge for bacteading to the selection and
spread of antibiotic resistant variants. Howeventjbgotics seem to be more than
mere selectors of these variants. We will presatda dhowing that stress produced by
guinolone and beta-lactam antibiotics can incregsgetic variation by stimulating
both mutation and recombination. Ciprofloxacin-lwhsémulation of recombination
of both homologous and divergent DNA sequenceadspendent of SOS induction
and occurs via either RecBCD or RecFOR pathwayss@&heffects have been
detected in different bacterial species. Thussst@oduced by some antibiotics may
favour genomic instability and diversity in bacgriincluding the acquisition,

evolution and spread of antibiotic resistance.



Honorary Lecture:

Doctor med honoris causa Universitas Osloensis

Vilhelm A. Bohr

Genome Dynamics in Aging

One of the main theories of aging is based on ti®@m that macromolecular damage
accumulates over time, and could cause many gflibaotypical changes and
genome instability seen with the aging processammalian organisms. A particular
culprit is oxidative stress. The damage to protech BRNA are significant, but the
consequences of DNA damage may be even more inmpoftae DNA repair system
protects the DNA by removal of the damage, and neerderested in whether DNA
repair attenuates with aging and what the undeglgauses are. DNA repair
processes will be discussed and our approachesimthe study of human premature
aging syndromes to examine DNA repair in aging.c8igeclinical conditions, such
as Werner syndrome and Cockayne syndrome will fmudsed, and we are also
pursuing the notion that many forms of age assediaeurodegeneration including
Alzheimers disease are deficient in DNA repair,ckhcould be a causative factor.
DNA repair systems in the nucleus and in the mitadnal genome are
fundamentally different, and both need to be careid in the association with aging.

STSNAS



Roles of DNA adenine methylation irSalmonellainfection: regulation
of virulence genes and repair of bile-induced DNA @mage

Josep Casadestlgvier Lopez-Garrido, Marcello Jakomin, IgnacidaG&ara Hernandez-
Pifiero, Meritxell Garcia-Quintanilla, Francisco RemxMorales

Departamento de Genética, Facultad de Biologiayaisidad de Sevilla, Apartado 1095, E-
41080 Sevilla, Spain

DNA adenine methylase (Dajmrmutants ofSalmonella entericare severely attenuated in the
mouse model: 10,000 fold by the oral route, an@@ fold by the intraperitoneal route. Lack of
Dam methylation causes a plethora of virulencetedladefects: (i) reduced invasion of
epithelial cells; (ii) reduced secretion of invasiproteins encoded by genes of pathogenicity
island | (SPI-1); (i) sensitivity to bile; (iv)oss of cytotoxicity to M cells of Peyer's patches; (
reduced motility; (vi) uncontrolled synthesis ofi$imbriae; and (vii) envelope instability with
protein leakage and release of outer membranelessiBome such defects can be correlated
with altered patterns of gene expression causeabbgnce of Dam methylation. For instance,
lowered transcription of SPI-1 genes may expla rédduced rates of epithelial cell invasion
found in Dam mutants. Reduced SPI-1 transcription in Danutants is caused by lowered
levels of the transcriptional activator HilD. Anigmatic observation is that Dam-mediated
regulation ofhilD is postranscriptional (and therefore indirect)hét virulence-related loci
which show impaired expression 8almonellaDam mutants are the fimbrial operatd, the
Braun lipoprotein genpB, flagella and chemotaxis genes, #i& gene, and the STM2208-
STM2209 operon. The molecular mechanisms by whia@mDmethylation regulates the
expression of these loci are diverse and only girtunderstood. The finding that specific
virulence defects of Danmutants can be correlated with altered gene esiorepatterns does
not imply that gene regulation is the only virulerrelated role of Dam methylation in
Salmonella Dam methylation is also required for strand disgration by the MutHLS system,
which repairs bacterial DNA damage upon exposure hast-synthesized compounds.
Specifically, Dam-directed mismatch repair is regdj together with other DNA repair
systems, to cope with DNA lesions induced by hiliéss



Regulatory integration of horizontally acquired genes: a role for
nucleoid-associated proteins

Charles J. Dorman
Department of Microbiology, Moyne Institute of Pesive Medicine, School of Genetics and

Microbiology, Trinity College, Dublin 2, Ireland

Horizontal gene transfer brings with it the problehintegrating the newly acquired genes into
the existing regulatory circuits of the cell. Ti8sue has been studied intensely in the Gram-
negative bacterigscherichia coli, Salmonella enterieadShigella flexnerilt is apparent that
nucleoid-associated proteins are represented vergipently among the regulators of genes
that have been acquired by lateral transfer. Itiqudar, whole-genome studies and
investigations of individual genes have establistodels for H-NS, Fis, HU and IHF as
transcriptional regulators. In this presentatitwe, ¢xtent of the contributions will be discussed
together with evidence that the biological progsriof nucleoid-associated proteins fit them
particularly well for this role.



Organization of Escherichia colireplication forks by the SeqgA protein

K. SkarstadT. Bach, G. Fimland, I. Flatten, S. Fossum, lhnken, Morigen, |. Odsbu, C.
Stokke and T. Waldminghaus

Department of Cell Biology, Institute for Cancersearch, The Norwegian Radium Hospital,
Rikshospitalet HF, Oslo, Norway

TheE. coli SegA protein binds to newly replicated, hemimettedaDNA and forms structures
that can be visualized as foci in fixed cells byriomofluorescence microscopy. The numbers of
SegA foci per cell correlate roughly with the ambahDNA per cell during rapid growth, but

is not governed by the exact numbers of replicdioks. Extra forks seem to be included at
existing SeqgA structurei vitro the SeqA protein forms left-handed helical fibefrfiead-to-
head-tail-to-tail multimers that are capable ofdiiiy separate DNA molecules containing
hemimethylated GATC sitel vivo SegA structures consisting of (at least) multim&eqgA

and the 4 hemimethylated DNA strands of 2 replicaforks were found to be intact after cell
lysis and escape of the DNA from the cell. LosSef|A led to aberrant localization of both
replication forks and origins. Mutation or lossSHqgA also leads to re-initiation of replication

at new origins. The inactivation of new origins®ggA is termed sequestration and depends on
the prolonged binding of SegA to hemimethylated @Asites in the origin. Sequestration was
also found to depend on binding of the initiatastpm, DnaA. It is not known where newly
formed, sequestered origins are situated, butrpirgdiry experiments indicate that they
colocalize with the replication fork-SegA structsire



Determining mechanisms of constitutive SOS expressi in E. coli
using fluorescence microscopy and single cell analg

Edward Long, Nicholas Renzette, Richard C. Cerdoie Steven J. Sandler
University of Massachusetts, Department of Micotidiijy, Amherst, Massachusetts, USA

Repairing DNA damage begins with its detection anaften followed by elicitation of a
cellular response. IB. coli, RecA polymerizes on ssDNA created after DNA daeragd
induces the SOS Response. The RecA-DNA filameau igllosteric effector of LexA auto-
proteolysis. LexA is the repressor of the SOS RespoNot all RecA-DNA filaments, however,
lead to an SOS Response. CertaitAmutants express the SOS Response) in the
absence of external DNA damage. Genetic analydisreérecA” mutants was used to
determine the mechanism of constitutive SOS (§@Spression using the fluorescence of
single cells carrying an SOS reporter systeatXpgfp). Two of the mutantgecA730(E38K)
andrecA4142(F217Y), seemed to represent two extreme mechard@n®0S expression.
recA730expressed SOS highly in all cells and its $@$pression was only dependent on
dnaB, the replicative helicase. S&8xpression imecA4142mutants was dependent on its
initial level of transcriptiontecBCD, recFOR, recXdinl, xthAand media. Depending on the
property,recA4161(DC17) mutants behaved like eithhecA730or recA4142mutants. Some
combinations of mutants produced bi-modal distigng with respect to SG®xpression.
recBCDanddnaBmutations increased the molecular noise associgthdjene expression
across some populations. It is proposed that RegAn8 RecA4161 bind to ssDNA at
replication forks and that RecBCD loads RecA414Raible-Strand Breaks (DSBs) normally
processed by XthA (Exo Ill). More of these DSBsuwrdo minimal, than rich medium grown
cells.



Quantitative analysis of competence development Bacillus subtilis

Madeleine Leisnér Jan-Timm Kuhf, Erwin Frey, Berenike Maier

Y nstitut fir Allgemeine Zoologie und Genetik, Wedische Wilhelms Universitat, Schlossplatz 5,
48149 Mlnster, Germany

2 Arnold Sommerfeld Center for Theoretical Physied €enter for NanoScience, Department fir
Physik, Ludwig-Maximilians-Universitat Minchen, Tiesienstr. 37, 80333 Miinchen, Germany

Multistability in gene expression within a poputatiof genetically identical cells enables populagio
of cells to maintain a diversity of phenotypes aodrapidly adapt to environmental changes.
Competence development Bacillus subtilishas become a paradigm for a multistable systenstwhi
implements a genetic switch through a non-lineasitp@ feedback of a transcriptional master
regulator. The transition from the non-competerstest(with basal concentration of the master
regulator for competence ComK) to the K-state (cetmpt state with high ComK concentration)
behaves like a bistable switch.

To better understand the mechanism that sets #utidn of cells that switch into the K-state (K-
fraction), we characterized the basamK expression in individual hon-competent cells amghfd a
large cell-to-cell variation. Our data support ad@loin which the average basal level of ComK raises
during late exponential phase and due to noiseagalloomK expression only those cells that are on
the high end otomKexpression trigger the autocatalytic feedbackdomK transcription. We show
that a subsequent shut-down of basal expressienses a 'time-window' for switching and is thus
involved in determining the K-fraction. Furthermpmge investigated determinants that control the
kinetics of the genetic switching process from Yhagetative state to the competent stat®adillus
subtilis We developed a non-linear dynamics model takimg iaccount low-number stochastic
effects. The model quantitatively describes théahility and timescale of switching at the singdd ¢
level. Furthermore, the model predicts a transititom stochastic to deterministic switching at
increased production rates of ComK in agreemerit @tperimental data.
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Impact of defects in DNA repair genes on genome itability and phase variation
in Neisseria meningitidis

Kristian Alfsnes, Marie Bergem-Ohr, Ole Herman Ambad Tone Tgnjum
Centre for Molecular Biology and Neuroscience,itost of Microbiology, University of
Oslo, Norway

Neisseria meningitidigthe meningococcus, Mc), an important human pathpds
known to be highly mutable yet different strainowhvarious levels of mutation
rates. Phase variation is caused by the instalilitpolynucleotide tracts, which
affects gene expression or on-off switching. Instktudy, we performeth vivo
monitoring of phase variation as well as spontaseoul stress-induced mutagenicity,
and observed the functional dependence in reprsenDNA repair mutants.

A system for measuring the frequency of the switghof a polynucleotide tract
inside the spectinomycirsf) resistance gene allowing quantitative assessofahie
switching rate was establisifedThe quantitative effects of Mc DNA repair null
mutants including fpg, mutY, mutSand mutL were assessed. Ultimately, this
phase variation system will also be utilized formtoring the effects of mutanted
DNA binding protein identified by “fishing for DNAinding proteins” using 2D gel
separation, solid phase overlay assay with DNA tsates and MS-MS analysis,
providing a platform to study the vivo effects of DNA binding proteins in general.

We find that both fpgand mutSmutants in some Mc strains significantly increased
phase variation rates in comparison to wildtypaist, whereof, the highest increase
was observed for mutSmutants, indicating that the mismatch repair protdutS
has a more pronounced effect on the stability ¢ympecleotide tracts in Mc than the
base excision repair component Fpg. We also obdetaege strain-specific
differences in the basic phase variation and nanatates. Some of these were very
high and indistinguishable from the correspondingADrepair null mutants. These
results suggest that large intraspecies differereast. We will correlate these
differences to fitness for survival, adaptabilitydavirulence.

Reference
1. Alexander HL, Richardson AR, Stojiljkovic I. Natural transformation and phase
variation modulation ilNeisseria meningitidisMol Microbiol. 52:771-83, 2004.
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Natural transformation is a mechanism for genetic exchange widespread in bacteria. It proceeds
through the uptake of exogenous (donor) DNA and its subsequent integration into the recipient
genome by homologous recombination. The DNA uptake machinery is a membrane-associated
multiprotein complex assembled in Streptococcus pneumoniae only at the onset of competence, when
genes of the competence regulon are turned on. For passage through the cytoplasmic membrane,
donor DNA is converted to linear single strands (ssDNA). Though its genetic information is intact, this
ssDNA intermediate has much less transforming activity than the parental dsDNA because ssDNA is a
poor substrate for uptake. This ssDNA intermediate is therefore described as being “in eclipse”.
Eclipse ssDNA is known to be embedded in a nucleoprotein complex. Recovery from eclipse is
concomitant with integration of ssDNA into the recipient chromosome. Little is known about the
mechanism of this efficient recombination reaction. Three competence-induced proteins, DprA, RecA,
and SsbB, and the constitutively expressed SshB paralogue, SsbA, are endowed with the capacity to
interact with ssDNA. A recent re-examination of the eclipse complex using the previously described
purification procedure based on hydroxylapatite chromatography led to the identification of SsbB as
the major protein component of the complex while DprA and RecA could not be detected. Surprisingly,
in the absence of SsbB the reduction in transformants was only 3- to 5-fold, whereas inactivation of
dprA or recA essentially abolished genetic transformation. It is therefore puzzling that neither DprA nor
RecA is present inside the nucleoprotein complex as characterized through hydroxylapatite
chromatography. To further understand the respective roles of DprA, RecA and SsbB in stabilizing
DNA during or immediately after uptake, we reanalyzed the behaviour of DprA and RecA throughout
the hydroxylapatite chromatography purification procedure. Our data will be presented and discussed.




DnaA contributes to keeping new orgins inactivatedby promoting
the presence of hemimethylated DNA

Trond Bach, Morigen, Torsten Waldmingharsd Kirsten Skarstad
Department of Cell Biology, Institute for CancersRarch, The Norwegian Radium
Hospital, Rikshospitalet, University of Oslo, 03@8lo, Norway

TheEscherichia colreplication originoriC, and other regions with high numbers of
GATC sites remain hemimethylated after replicatimnch longer than regions with
average numbers of GATC sites. The prolonged pearfiddemimethylation has been
attributed to the presence of bound SegA proteareHt was found that a GATC cluster
inserted at theéatA site (whichin vivo binds large amounts of DnaA), did not become
remethylated at all, unless the availability of Br@aA protein was severly reduced.
Sequestration afriC was also found to be affected by the availabditypnaA. The
period of origin hemimethylation was reduced ~3@ya reduced availability of DnaA.
The result shows that not only SegA binding, babdnaA binding to newly replicated
origins contributes to keeping them hemimethylatedas also found that the number of
SegA foci increased in cells with endless sequéstraf a GATC:datAcluster.



Elucidating the role of DNA repair in genome maint@ance
of Mycobacterium tuberculosis

Seetha Balasinghai Stephan A. Fry€, Tonje Davidsel?, Ingrid Olse? and Tone
Tonjunt?

!Centre for Molecular Biology and Neuroscience amstitute of Microbiology, University of Oslo,
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As an intracellular pathogeiycobacterium tuberculosi@gvitb) survives and
replicates inside the macrophage. The Mtb genorsewstiers considerable damage
as a result of exposure to oxidative and nitrosatstress generated by the
phagolysozyme of the host macrophages during @ple and dormant periods. The
expression patterns of genes involved in genomeater@nce are therefore essential
for the intracellular survival of Mtb in this holgtienvironment.

The characterization of the Mtkeplication,_ecombination andepair (3R)
profile is in its infancy and mostly based on semehomology searches. In this
study, we address the DNA repair profile in Mtb dadctional analysis of selected
base excision repair components. The base excisipair (BER) pathway plays a
prime role in the defense against mutations. DNycasgylases perform the first
enzymatic step in this pathway. We have clonedr-expressed and purified the Mtb
DNA glycosylaseanutY and fourfpg/nei The enzymes exhibited typical substrate
specificities. The tandem repeat motifs presentreps ofMtb-fpg-1were analyzed
in Mtb complex strains. Varying levels d#ltb-fpgl expression inMtb strains
correlated with repeat region length. The presefceandem repeat motifs only in
species belonging to tiMtb complex suggests a putative role for this repetitinit.

Furthermore, we are also delineating the mechanainidtb recombination
and characterizing the role of DNA helicases inayge maintenance. The increased
frequency of non-synonymous single nucleotide palgphism (ns SNP) in 3R genes
as compared to other housekeeping genes in thedttiplex will also be discussed.

The elucidation of the structure—function relatimpsof 3R components is
fundamental for the understanding of Mtb genomenteaance. We are investigating
the significance of 3R components for the fitnesg aurvival of Mtb using various
bioinformatics, biochemical and genetic approachesurn, these studies will lead to
improved understanding on mycobacterial genomest@bjlity, survival, latency,
drug resistance and antigencity.



Comparative genomics of two ecotypes of the marine planktonic copiotroph
Alteromonas macleodii  suggests alternative lifestyles associated to diff erent

kinds of particulate organic matter

Ana-Belen Martin-Cuadrado, Elena Ivars-Martinez, Giuseppe D’Auria, Alex Mira, and

Francisco Rodriguez-Valera

Evolutionary Genomics Group, Departamento Produtcitegetal y Microbiologia,
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Alteromonas macleodii is a common marine heterotrophic gamma proteobacterium.
Isolates from this microbe cluster by molecular analysis into two major groups or
ecotypes, one found around the world at temperate latitudes in the upper water layers
and another that has been found mostly in the deep of the Mediterranean water
column. Here we describe the genome of the strain A. macleodii “deep ecotype”
(AItDE) isolated from 1000 m deep in the Eastern Mediterranean and compare its
genome with that of the type strain ATCC 27126, a representative of the global
“surface” ecotype. The genomes are quite different with borderline similarity values for
microbes belonging to the same species and widely different gene content. AltDE
seems better suited for degradation of recalcitrant compounds such as urea and for
being exposed to microaerophilic conditions, for example by respiring nitrate. ATCC
27126 on the other hand, had more potential for regulation (two component systems),
consistent with a more heterogeneous (or diluted) environment and degraded more
sugars and aminoacids. A large part of the differential gene content was found in
islands larger than 20 Kbp that generally also recruit poorly in the GOS. ATCC 27126
appears to represent lineages specialized in colonizing smaller organic particles in the
upper water layers, with better chances to survive in free-living phases when the
nutrients in the particle are depleted, while AItDE would colonize larger particles that
sink rapidly to meso and bathypelagic depths. The genomic data are consistent with a

picture of incipient speciation driven by niche specialization.



Characterization of pilin multiplicity in the DNA t ransporter of Thermus
thermophilusHB27

Kathrin Bettermanmnd Beate Averhoff
Molecular Microbiology & Bioenergetics, Instituté Molecular Biosciences, Goethe University
Frankfurt/Main, Germany

Thermus thermophiludB27 is known for its extremely high competencerfatural transformation.
DNA transport across the cell wall is mediated iy DNA translocator that is made by pilin-like
subunits. The pilins assemble into a macromoleaifacture that presumably spans the outer
membrane, the periplasm and is anchored into ttuplasmic membrane. Genetic analyses revealed
an unusual multiplicity of genes encoding pilindigroteins that are involved in DNA uptakeTin
thermophilus These genegpilAl, pilA2, pilA3 andpilA4, together withcomZ encoding a non-
conserved protein involved in DNA transport areamiged in a gene cluster. DeletionpdiAl, pilA2
andpilA3 resulted in a transformation-defect phenotype. Wihdtype piliation phenotype of this
mutant was unaffected. DefinpdA1l, pilA2 or pilA3 mutants exhibited an analogous transformation
defect and piliation wildtype phenotype, whereagfinedpilA4 mutant was non-transformable and
non-piliated. Western blot analyses revealed thABRs exclusively localized in the inner membrane
whereas PilA4 is present in the inner and outer bnarre. Taken together, these data indicate that
PilA1, PilA2, PilA3 and PilA4 are individually essgal for DNA uptake inl. thermophilusTheir
function as structural elements and potential DN#limg proteins and their growth phase-dependent
regulation are discussed.



Replication slippage driven byPyrococcus abys$)NA polymerases
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DNA repeated sequences known as microsatellites hagn shown to exhibit a high instability
in both prokaryotes and eukaryotes, consistingnénexpansion or deletion of repeated units. We
have previously demonstrated that either mesopbilithermophilic DNA polymerases generate
DNA repeat deletionm vitro by a replication slippage mechanism. We have aepdlyhe fidelity

in terms of slippage of theyrococcus abysqiPalb) DNA polymerasedalpolB andPalpolD
and the role oPalblPCNA on the generation of slippage errors. The exmntal system consists
on a primer extension reaction on a single strame4 template containing a hairpin structure
flanked by direct repeats. DNA polymerase slippagehis system generates a heteroduplex
molecule in which the newly synthesized strand dacke direct repeat and the 2-kb hairpin
structure. BothPalpolB andPalpolD, as well as its exdorms slipin vitro at all the enzyme
concentrations tested. We have also characterizedrdle of PabPCNA on the fidelity of
PalpolB andPalpolD DNA polymerases at repeated sequenealPCNA is able to stimulate
the production of parental moleculesRdibpolB, as fully replicated molecules are found when
PabPCNA is added to the reaction. However, we havelatgcted any effect #fabPCNA in the
slippage produced balpolD. Accordingly to previous resultBabPCNA stimulates the strand
displacement activity oPab DNA polymerases. These results can be interpratedhat the
induction of the strand displacement RdibpolB by PabPCNA allows the polymerase to enter
through the hairpin, thus replicating the DNA-conitag repeats without error. The results
obtained could provide an insight of the mechani$meplication slippage and also of how the
replisome proteins in Archaea interact to mainisigenome integrity.



A mutation rate switch might be selectable

Alejandro Couck& Jesus Blazquéz
Centro Nacional de Biotecnologia (CNB-CSIC), 2804&dKid, Spain.

To date, theoretical and experimental researctblestias that the optimal mutation rate will
depend on the degree of adaptation to a partiemigronment. The evolution of high mutation
rates is expected to occur under missadapted dmmslit meanwhile selection for lower
mutation rates is expected as the population appesathe adaptive peak.

However, this conceptual pattern will be restricted many biological constrictions, i.e. the
availability of genes or genetic systems that coaltdomly vary the mutation rate. Here we
hypothesize that if there is an effective limitatiof the mutation rate of the mutation rate, any
system capable of releasing this constraint wowdselected due to its contribution to the
success of the lineages bearing it. We explore, Heremeans of analytical and simulation
models, the reliability of this phenomenon that Idobe understood as a kind of ®rder
selection. We also present a synthetic biology toothecking if such a mutator switch system
could be selectable in experimental populationdaifteria. Finally, we discuss what type of
genetical appearance would have this kind of swich

Our results will encourage experimental researchhenrole of elements such as transcription
factors, plasmids or viruses in the evolution ottaion rates in bacteria.



Genome organization by the nucleoid-associated prein H-NS
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The bacterial genome is folded and compacted iriody referred to as the nucleoid due to the
activity of nucleoid-associated proteins (NAP’sk @& consequence of their role in global genome
organization these proteins also act as pleiotropgulators of transcription. One of the key
players in these processes is H-NS. This is an danin multimeric protein with a binding
preference for A/T rich regions along the genortebinding to these regions is associated with
transcriptional silencing and has been suggestdoeta mechanism to specifically target and
silence newly acquired foreign DNA and protectlibst against its potentially harmful effects.

A lot of progress in the understanding of H-NS @tthas been booked in recent years.
Our main aim has been to establish the structumetiks, mode of binding and the role of H-NS
in global genome organization. To this purpose wedua combination of scanning force
microscopy imaging, single-molecule micromanipalatiand theoretical modeling of H-NS-
DNA complexes. Initially, we demonstrated that H-Nf§anizes DNA by bridging two DNA
duplexes and put forward evidence that this modeirtding is also key to the role of H-NS as
repressor. In recent follow up studies, we showed H-NS acts as a dimer, that H-NS dimers
are stacked side-by-side between bridged duplexésdatermined the exact dimensions of the
dimer. Moreover, we determined the binding kinet€sndividual H-NS dimers and the forces
required to open up H-NS-bridged regions. Finaltynbining thdan vitro structural observations
andin vivo ChIP-on-chip data for binding of H-NS along thengme, we can now explain the
higher order organization of the genome in the lomgwn topologically isolated domains.



The relative contributions of CbpD, LytA and LytC to fratricide in
Streptococcus pneumoniae

Vegard Eldholy, Ola JohnsborgKristine Haugeh Hilde Solheim Ohnstadnd Leiv Sigve
Hévarstein

! Norwegian University of Life Sciences, DepartmehCbemistry, Biotechnology and Food
Science, As, Norway

Streptococcus pneumoniaauses 1-2 million deaths per year, most of whimtur in
developing countriesS. pneumoniais a naturally transformable bacterium able tetak
naked DNA from the surroundings. It has been eistaddi that gene exchange by this
mechanism has contributed significantly to theeasing incidence of penicillin-resistet
pneumoniaavorldwide, a development that constitutes a méjarat to public health. Recently,
we reported that a predatory mechanism dramaticatheases the efficiency of lateral gene
transfer inS. pneumoniaand related commensal species. Here we preseitiisresowing that
the cysteine protease CbpD alone can kill and sget cells. However, the effect of CbpD is
strongly amplified by the action of LytC and Lyt&hose activity is directly or indirectly
triggered by CbpD.

We show that CbpD produced by the competent attareiks is absolutely essential for
lysis of non-competent bacteria in co-culture ekpents. LytA or LytC must also be present
for efficient lysis, either in attacker or targetdls, but LytC is clearly the more important of the
two lysins. Significant lytic activity was found supernatants of competent cells. Deletion of
CbpD or addition of the cysteine-protease inhibitaioacetamide completely abolished this
lysis, illustrating that CbpD is the active compohe

By his-tagging the proteins we found that somehef@bpD is present in the
supernatant, but most is bound to teichoic acidimboSurprisingly, LytC was found to be
present in copious amounts in the supernatantabsgsrof choline-elution. LytA could only be
detected within the cell.



Lateral gene transfer betweenS. pneumoniaeand other mitis group

streptococci; active acquisition of transforming DM by synthesis of CbpD.

Ola JohnsborgVegard Eldholm, Martha Bjgrnstad, Leiv S. Haveirst

Norwegian University of Life Sciences, As, Norway.

Pneumococci acquire penicillin-resistance deternt;iddrom commensal relatives such as
Streptococcus miti@nd Streptococcus orali®y natural genetic transformation. Bacteria
possessing this mechanism take up naked exogenbi#s dhd incorporate it into their

genomes by homologous recombination. Traditiondifgteria that have died and fallen apart
from natural causes have been considered to bsoteesource of donor-DNA for competent
pneumococci. Here we describe a mechanism foreaetiquisition of homologous DNA that

dramatically increases the efficiency of gene ergeabetween and within the streptococcal
species mentioned above. This mechanism gives demip&reptococci access to a common
gene pool that is significantly larger than thewnogenomes, a property representing a
considerable advantage to these bacteria when dheysubjected to external selection

pressures such as treatment with antibiotics.



Replication slippage driven byPyrococcus abys$)NA polymerases
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DNA repeated sequences known as microsatelliteg Hmen shown to exhibit a high
instability in both prokaryotes and eukaryotes exiivgy in the expansion or deletion of
repeated units. We have previously demonstratecettieer mesophilic or thermophilic DNA
polymerases generate DNA repeat deletianstro by a replication slippage mechanism. We
have analyzed the fidelity in terms of slippage tbé Pyrococcus abyss{(Pab) DNA
polymerase®alpolB andPalpolD and the role oPabPCNA on the generation of slippage
errors. The experimental system consists on a praxiension reaction on a single stranded
DNA template containing a hairpin structure flankeg direct repeats. DNA polymerase
slippage in this system generates a heterodupldgcuie in which the newly synthesized
strand lacks one direct repeat and the 2-kb hasfircture. BothPalpolB andPalpolD, as
well as its exoforms slipin vitro at all the enzyme concentrations tested. We hé&se a
characterized the role oPalPCNA on the fidelity of PabpolB and PalpolD DNA
polymerases at repeated sequené&iPCNA is able to stimulate the production of parkenta
molecules ofPalpolB, as fully replicated molecules are found wiRabPCNA is added to
the reaction. However, we have not detected amcefiffPabPCNA in the slippage produced
by PalpolD. Accordingly to previous resultPabPCNA stimulates the strand displacement
activity of Pab DNA polymerases. These results can be interpretiat the induction of the
strand displacement d?alpolB by PabPCNA allows the polymerase to enter through the
hairpin, thus replicating the DNA-containing repeaithout error. The results obtained could
provide an insight of the mechanism of replicatshppage and also of how the replisome
proteins in Archaea interact to maintain its genambegrity.



Two SOS inducer antibiotics, ciprofloxacin and ceft azidime,
promote recombination of homologous DNA sequences i n

Pseudomonas aeruginosa.
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The great ability of some microorganisms like P.aeruginosa to develop antibiotic
resistance to the current repertoire of antibiotics, is not the only problem of
constant bacteria exposure to these antimicrobial agents. At subinhibitory
conditions, some antibiotics do not Kill the bacteria, but can promote significant
physiological changes which can allow the microorganism to take advantage in
some situations. Here, we estudied homologous recombination effects of
P.aeruginosa exposure at sublethal conditions of two antibiotics commonly used
in therapy against chronic infections of this microorganism: ciprofloxacin and
ceftazidime. The fluoroquinolone antibiotic ciprofloxacin is an inhibitor of type Il
DNA topoisomerases and the cefalosporin antibiotic ceftazidime is a PBP3
inhibitor. Both share the ability to induce the SOS response in treated E.coli and
P.aeruginosa. In this work we used two strains of P. aeruginosa, the wild-type
strain PAO1 and a construct of an hypermutable and hyper-recombinogenic
strain, PAO1 with a mutS deletion (strain PAO1 mutS). We show that exposure
of the wild-type strain PAO1 at subinhibitory conditions to ciprofloxacin and
ceftazidime, stimulates more than 10-fold interchromosomal recombination of
homologous DNA sequences. Thus, these antibiotics can increase genetic
variation by the stimulation of the recombinogenic capability of treated bacteria
and consequently they may favour the acquisition of antibiotic resistance

determinants by horizontal transfer.



Streptococcus pneumoniaenechanism of bacterial invasion across
mucosal epithelium
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The Gram-positive bacteriuBtreptococcus pneumonigethe most common cause of death
due to infectious diseases in industrialized coestaccounting for a majority of all
pneumonia and meningitis cases. The nasopharyheadthy individuals may be colonized
by pneumococci of several different serotypes dgiamalously, thus constituting a pathogen
reservoir which may promote invasive pneumocogdalction in susceptible individuals. The
bacteria adhere to epithelial cells using variawggin-protein interactions and cell-specific
mechanisms for internalization.

The interaction between pneumococcal surface pr@dPspC, a.k.a. CbpA or SpsA) and
the polymeric Ig receptor (plgR), expressed on humacosal epithelial cells, may facilitate
adherence of pneumococci and cellular uptake Hfiging the normal apical recycling of the
plgR. We hypothesize that the plgR-PspC interaatmmtributes significantly t&.
pneumoniaénfection and invasion.

Infections of different epithelial cell lines witkild type and a pspCmutantS. pneumoniae
(serotype 35A) were performed. Wild tySe pneumonigéout not the pspCmutant, infected
MDCK cells transfected with human plgR more effitlg than untransfected MDCK cells.
Invasion of the plgR-positive human lung epithetiall line Calu-3 was higher than invasion
of human plgR-transfected and untransfected MDAl .davasion of Calu-3 cells was
inhibited by PspC antiserum. Moreover, leupeptihicl inhibits cleavage of the pIgR at the
apical membrane and thus increases apical recyafitite receptor, caused an increase in
invasion of Calu-3 cells. Thus, modulation of eitRspC or pIgR affected the uptakeSof
pneumoniadoy human epithelial cells.

Staining for intracellular markers in cells infett@ith S. pneumoniganay answer the
guestion of what route the bacteria take insideethithelial cells to cross the epithelial barrier
and disseminate into the human body.



Identification of novel DNA binding proteins in Neisseria meningitidis
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N. meningitidigs, together wittStreptococcus pneumonjarirrently the main cause of
septicaemia and meningitis worldwidé.. meningitidisthe meningococcus, is a human-
specific pathogen colonizing the oropharynx of tigaindividuals. Asymptomatic carriage is
common and disease development most often occeraaf children and adolescents.
Transformation is the predominant form of horizdgene transfer in the meningococcus.
The transformation process is dependent on thepcesof the neisserial DNA uptake
sequence (DUS), type IV pilus expression and Regpeddent homologous recombination.
The uptake of DNA into the meningococcal cell cardissected into several steps including
crossing of the outer and inner membranes and gemrorporation. However, little is
known about how transforming DNA is taken up. Iagingly, a number of pilus biogenesis
components required for transformation, includimg inner membrane protein PilG, have
been identified and it is still a conundrum whetther effect of pilus components on
transformation is of a direct or only an indireature. We hypothesize that meningococcal
transformation is coupled to pilus retraction amat exogenous DNA is taken up through
non-specific attachment to retracting pili, whikbh@&r DNA binding components such as the
outer membrane protein PilQ promote further entNA into the meningococcal cell. In
order to further understand how DNA is transpoited the meningococcal cell, we searched
for novel DNA binding proteins within the inner mbrane ofN. meningitidis

Inner membrane proteins from a representativelgdmeeningococcal strains were
isolated using detergent solubilization and dififtiad centrifugation. Solid phase overlay
assay and mass spectrometry were performed in twdgentify DNA binding proteins. The
DNA binding activity was verified through null mutiaconstruction and phenotypic
characterization with focus on colony morphologiygexpression, competence for
transformation and DNA binding/uptake. A numbeDdA binding components were
identified, including PilG, PilM, PiIN, PilO, Comand FtsE. The DNA binding activity of all
components identified was DUS-independent. The BiMA binding domain was located in
its N-teminal part. The exact location of DNA-priotéenteraction was mapped by PilG sub-
cloning, protein expression and DNA binding asséys. ultimate goal is to elucidate the
function of PilG as well as other DNA binding cormgaits identified in neisserial
transformation.



Pseudomonas aeruginosa pfpt&ontrols spontaneous and induced mutagenesis,
provides general stress protection and promotes witence in a mouse model.
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Abstract

Hypermutable Pseudomonas aeruginosstrains (hypermutators), characterized by
increased spontaneous mutation rate, have beem fatuhigh frequencies in chronic
lung infections. The presence of hypermutators leen linked with high antibiotic
resistance rates . aeruginosatrains. Molecular basis of hypermutability is gextlg
associated with the loss of antimutator genes,tegldo DNA-damage repair or
avoidance systems. Only a few antimutator geneg heen already described h
aeruginosa although evidence indicates that additional gestesuld be involved in
naturally-occurring hypermutability. In order tondéi new antimutator genes we have
constructed a library of random insertions in ttiais PAOL. This library was screened
for mutants with increased mutation frequency. 8alifferent antimutator genes were
detected, including all the previously describe®iraeruginosaOne of them contained
an insertion in theP. aeruginosaorthologous of theE. coli antimutatorung gene,
putatively encoding an uracil-DNA glycosylase. Masportantly, we have found that
the P. aeruginosagene PAQ0355, putatively encoding a member of tdelOhiJ/Pfpl
superfamily which includes chaperones, peptidemed,the Parkinson's disease protein
DJ-1a, is an antimutator gene. Tpigl mutant shows a higher spontaneous mutation
rate than the wild-type, both in PAO1 and PAl4isasuggesting that Pfpl protein
plays a key role in DNA protection also under ntness conditions. A°. aeruginosa
PA14 pfpl mutant is more sensitive to oxidative stress, laaat osmotic pressure,
indicating a general anti-stress function. Consetjyewnith all the described effects,
this mutant also showed virulence disadvantageadtition to the importance of the
pfpl gene inP. aeruginosaand other bacteria, the results here presentedpmayde
new insights to understand the role of this fanoifyproteins on human diseases like

Parkinson.



Dissecting the role of nucleotide excision repainimutational processes
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Nucleotide excision repair (NER) is one of the miagbortant repair systems in bacteria. NER
is known to remove bulk damage in DNA induced bgroftals and irradiation. Less is known
about the functions of NER in conditions where bdatare not directly exposed to exogenous
DNA-damaging agents.

Our studies are dedicated to understanding the ablHER in spontaneous mutagenesis in
Pseudomonas putid®. putidais a member of one of the most prominent groupbaateria
able to colonize various ecological niches inclgdsoil, plants and animals. Pseudomonades
live in a constantly changing environment; therefdast adaptation is essential for their
survival. Adaptation can be achieved randomly thhomutations in the genome, caused by
error-prone DNA synthesis or non-effective DNA repa

Recently, we have shown the importance of Rheputida NER system in the induction of
spontaneous mutations. As NER becomes a significanirce of mutations” under conditions
of carbon starvation, this repair system can beidened to be an important source of stationary
phase or adaptive mutations. Whether the mutatwise due to errors during repair synthesis
or result from the involvement of NER proteins ther pathways is a matter of debate.

In vivo studies revealed that the occurrence of spontanemutations inP. putidais also
enhanced by the action of UvrA2 — the paraloguga®@M™NER damage recognition protein UvrA.
In vitro experiments, however, do not point at the direatigipation ofP. putidaUvrA2 in
NER. Although the DNA binding properties of botltomins are similar, UvrA2 is incapable of
replacing UvrA in the repair reaction. Still, itrcaot be ruled out that UvrA2 can behave as a
secondary damage recognition factor and facilitategnition of a broader spectrum of DNA
damages either by UvrA:UvrA2 heterodimer formatmmby binding to DNA and recruiting
“classical” NER proteins. Further experiments tet tihis hypothesis and to clarify the
mechanistic role of UvrA2 proteins in NER (and pblysin other systems) are currently
underway. Our research may thus vyield insights imdw details of NER as well as into the
mechanisms by which NER proteins facilitate theuomnce of spontaneous mutations.



Genome dynamics irBacillus cereus — Bacillus anthracis — Bacillus thuringnsis
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TheBacillus cereugiroup of bacteria has been a target for sequencojgais worldwide,

and the genomic sequence of 29 strains are now availaldadtysis in the public databases.
TheB. cereugyroup includes very closely related species with high degree of gene synteny in
the chromosomeg®&. cereuss known as an opportunistic human pathogen, vilenthracis
andB. thuringiensisare toxic to mammals or insect larvae respectj\dg to toxic genes

present on large extrachromosomal plasmids.

We have performed comparative analysis of the sequetre@asgo identify elements that
might be of importance for the genome dynamics is ¢gioup of bacteria. Our results
include:

1. All strains contain a number of DNA repeat fangilagpparently unique to this group,
in addition to repeats also found in otBacillus species. The repeats are either found
dispersed in different locations within the genonmeghey are found in identical
locations in each genome. The number of repeatschf @ass is not conserved, and
their function(s) are not known.

2. Strains contain a varying number of introns, idaig group Il introns with an extra,
novel domain in the intron structure in some of tinaiss. The introns have been
shown to be active and able to splice out of the RNA ¢rapts.

3. The presence of IStrons, which are composite elementstwog®f an intron and a
mobile insertion sequence (IS) element, has been igehiif most strains. The
IStrons have been shown to splice as single units and their genistrilmution is
highly variable among the strains

Further work in our laboratory is focusing on elucidating the function of selecteda@peat
elements, as well as the mechanisms of intron &trdn splicing and/or mobility.



Sequence and structural variation inHelicobacter pyloriOuter
Membrane Phospholipase A (OMPLA)
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EpiGen, Faculty Division Ahus, University of Osib}74 Nordbyhagen, Norway

Introduction: Helicobacter pyloricolonize the human gastric ventricle and this oloro

infection can give rise to ulcer disease or gastitcer. The outer membrane phospholipase A
(OMPLA) degrades bacterial phospholipids to lysagimlipids resulting in release of several
putative virulence factors. The aim of this stuslya analyze sequence conservation at both
DNA and protein level and relate the results tocalebed structure dfl. pylori OMPLA.

Method: 200pldAOMPLA sequences were aligned using ClustalW argbimed into Entropy
Calculator 3.3.1 to identify the high-variabilitggions. Envision was used to calculate amino
acid composition, as well as analyzing the sequewith regard to a homology modeled
OMPLA structure.

Results & DiscussionThe alignments showed a high conservation rate avithverage
seqguence identity score of 97 % at DNA level an@®8&t protein level. This indicates slightly
less variability at protein level. At DNA level,gthigh-entropy spikes were scattered
throughout the sequence plot. However, at protaiallthe variable regions are concentrated in
the predicted signal peptide, as well as in tta fi-terminal loop of the OMPLA structure. The
C-terminal end of the protein-alignment is highgnservedH. pylori OMPLA sequences are
composed of 50.14-51.83 % hydrophobic residue9-29.8 % polar residues and 29.9-31.8 %
charged residues. The small variations observadhino acid compostion imply minor
discrepancies among the 280pylori isolates. These results reflect the importandce PLA
activity in this bacterium.



Evolution and diversity of clonal bacteria, the paadigm of Mycobacterium tuberculosis
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! Unité de Génétique mycobactérienne, Institut Raskaris, FrancéUnité de la Tuberculose et
des Mycobactéries, Institut Pasteur de GuadeloAipgmes, Guadeloupdnité de la
Tuberculose et des Mycobactéries, Institut Pastemadagascar, Antananarivo, Madagascar
Centre for Molecular Biology and Neuroscience amtitute of Microbiology, University of
Oslo, Rikshospitalet, Oslo, Norwainstitut National de la Santé et de la Recherchditéde
U571, Faculté de Médicine, Université Paris V, Bdfrance.

Mycobacterium tuberculosis complex species dispa9% nucleotide sequence identity.
To study the evolutionary history of such monomiarphcteria is a difficult task. We found that
single-nucleotide polymorphism (SNP) analysis ofADfépair, recombination and replication
(3R) genes yielded surprisingly high levels of padyphism, making it possible to distinguish
between 80% of clinical isolates. We suggest thet large number of potentially deleterious
polymorphisms, reflecting general negative/purifyselection acting on these sets of genes, may
lead to suboptimal 3R system activity. This sitratmay serve as a starting point for the
evolution of antibiotic resistance and pathogemicfossibly conferring a selective advantage in
certain stressful situations. These findings sugtest 3R genes may play an important role in
the evolution of highly clonal bacteria, such as Mberculosis. It should facilitate new
epidemiological studies of these bacteria, throtlgh development of high-resolution tools. With
many more microbial genomes being sequenced, aultseopen a door for 3R gene-based
studies on adaptation and evolution of other highnal bacteria.
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