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Speakers:

Dan Andersson Sweden, Beate Averhoff Germany, Chris Bayliss UK, 
Magnar Bjørås Norway, Jesús Blázquez Spain, Josep Casadesús Spain 

Jean-Pierre Claverys France, Fernando de la Cruz Spain, Charles Dorman
Ireland, Robert Fuchs France, Brigitte Gicquel France, Regine Hakenbeck

Germany, Rainer Haas Germany, Stuart Hill USA, Sigve Håvarstein 
Norway, Ole Herman Ambur Norway, Bjørn Dalhus Norway, Berenike 

Maier Germany, Martin Marinus USA, Donald A. Morrison USA, Miroslav 
Radman France, Eduardo P. Rocha France, Steven J. Sandler USA, 

Stewart Shuman USA, Pascal Simonet France, Kirsten Skarstad Norway,    
Tone Tønjum Norway Graham Walker USA
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The GMM3 programme in short 

Saturday August 30

16:00-18:00 Registrationoutside Main Auditorium Rikshospitalet 
18:00 Opening lecture and Reception Main Auditorium Rikshospitalet
19.30 Bus transport from Rikshospitalet to D/S Louise, Aker Brygge
20.00 Dinner at Restaurant D/S Louise, Aker Brygge, Central Oslo

Sunday August 31 

9:00 -17:00 GMM3 sessions in The Main Auditorium Rikshospitalet 
19:30 Bus transport from SAS Radisson Hotel to Holmenkollen Park Hotell 
20:00 Festive dinner at Holmenkollen Park Hotell 
23:30 Bus transport from Holmenkollen Park Hotell to SAS Radisson Hotel 

Monday September 1

9:00 -17:00 GMM3 sessions in The Main Auditorium Rikshospitalet 
17:00 Bus transport from Rikshospitalet to Opera House 
18:15 Bus transfer from Opera House to Pier 2 by City Hall 
18:30 Boat trip and dinner onboard S/S Christiania departing from Pier 2 

Tuesday September 2

9:00 -17.00 GMM3 sessions in The Main Auditorium Rikshospitalet 
16:15 Course exam at Rikshospitalet Seminar room (for PhD students) 



Opera house

Pier 2

Tram 17 and 18 to Rikshospitalet



               

3rd 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�Æ

18:00 Opening lecture 

Graham Walker, MIT, US: “Life can be stressful: Genome stability and 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 Tønjum 

9:00 Dan Andersson, Uppsala, Sweden: “Fitness constraints on horizontal gene transfer”

9:30 Stewart Shuman, Sloan-Kettering Institute, New York, US: “Mechanisms of 
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-induced genetic 
instability in E. coli”

11:30 Martin Marinus , Boston, US: “Dam methylation and enterohemorrhagic 
Escherichia coli O157:H7”  

12:00 Magnar Bjørås, Oslo, Norway: “The LexA regulated tisABanddinQ genes 
modulate UV protection in E. coli”

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 machinery”

14:30 Rainer Haas, Munich, Germany: “Role of Helicobacter pylori type IV secretion 
systems in DNA transfer and virulence“ 

15:00 Coffee break 

15:30 Pascal Simonet, CNRS, Ecole Centrale de Lyon, France: “Regulation of HGT by 
natural transformation in Ralstonia solanacearum”

16:00 Beate Averhoff, Frankfurt, Germany: “The Ins and Outs of DNA transfer in 
Thermus thermophilus”

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 in Streptococcus pneumoniae”

9:30 Donald A. Morrison, Chicago, US: “Regulated proteolysis in the competence 
pheromone response of Streptococcus pneumoniae”

10:00 Sigve Håvarstein, University of Life Sciences, Norway: “A predatory mechanism 
dramatically increases the efficiency of lateral gene transfer in Streptococcus
pneumoniae”

10:30 Coffe break

Session 5 – Adaptation and antigenic variation
Convenor: Sigve Håvarstein 

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

11:30 Tone Tønjum, 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 Hakenbeck, Regensburg, Germany: “Genomic evolution of Streptococcus
pneumoniae and Streptococcus mitis – what is a species?”  

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

14:30 Eduardo P. Rocha, Paris, France: “The dilemma of the bacterial genome between 
organisation and creativity” 

15:00 Bjørn 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 from here?” 
Meet the speaker – student presentations – sponsor presentations 
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 and fitness 
implications for Neisseria meningitidis and Campylobacter jejuni”

9:30 Jesús Blázquez, Madrid, Spain: “Antibiotic stress and genome instability”  

10:00 Coffee break
Poster viewing 

Session 8 – Honorary lecture: Doctor medicinae honoris 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 Casadesús, Universidad de Sevilla, Sevilla, Spain: “Roles of DNA adenine 
methylation in Salmonella virulence”

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

14:00 Coffee

14:30 Kirsten Skarstad, Oslo, Norway: “Organization of Escherichia coli replication 
forks by the SeqA protein” 

15:00 Steven J. Sandler, University of Massachusetts at Amherst, US: “Determining 
mechanisms of constitutive SOS expression in E. coli using fluorescence microscopy and 
single cell analysis" 

15:30 Berenike Maier, University of Münster, Germany: "Quantitative analysis of 
competence development in Bacillus subtilis"

16:00 Closing remarks 

16:15 Course exam (for doctoral students) 

The posters will be accessible throughout the meeting 

The program might be subject to minor changes



SPEAKER

Abstracts

In order of 
appearance



Life Can Be Stressful: Genome Stability and Instability 

Graham C. Walker. Department of Biology, Massachusetts Institute of Technology, Cambridge, 
MA 02139 

All organisms possess an impressive number of systems that help cells cope with damage to 
their genetic material from both exogenous and endogenous agents, either by moving the 
damage and repairing the DNA (e.g nucleotide excision repair) or tolerating the damage (e.g. 
translesion DNA synthesis).  In TLS, specialized DNA polymerases incorporate a 
deoxyribonucleotide opposite a lesion that would otherwise interfere with DNA replication. 
Escherichia coli possesses two Y Family TLS DNA polymerases, which are encoded by the 
SOS-regulated umuDC and dinB genes. Similarly to LexA, the UmuD protein undergoes a 
facilitated autodigestion when it interacts with RecA/ssDNA nucleoprotein filaments to 
generate UmuD’.  The cleaved form of the umuD gene product interacts with UmuC (DNA pol 
V), the DNA polymerase that is responsible for most UV and chemical mutagenesis because of 
its ability to polymerize over a variety of lesions. Our  recent discovery that DinB (DNA pol IV) 
is a much better polymerase when copying over N2-furfuryl-dG than over ordinary dG suggests 
a biological role of carrying out relatively accurate DNA synthesis over a common class of N2-
dG adducts. Recent unexpected results have revealed that the products of the umuD and recA
genes not only control the functions of UmuC but also the functions of DinB. Our discovery that 
UmuD2 and UmuD’2 are intrinsically disordered proteins is offering insights into how they are 
able to coordinate DNA polymerase action by making multiple highly specific contacts. The 
umuDC and dinB gene products can stabilize a replication fork and carry out limited mutagenic 
DNA synthesis after dNTP limitation by hydroxyurea (HU) inhbition of ribonucleotide 
reductase, Following up on this observation, we have found that treatment of E. coli with HU 
results in a complex cellular response involving both pathways promoting cell survival and 
pathways promoting cell death.



Fitness constraints on horizontal gene transfer 

Dan I Andersson and Peter Lind
University of Uppsala, Department of Medical Biochemistry and Microbiology, Box 582, S-
75123 Uppsala, Sweden 

The rate of horizontal gene transfer (HGT) in nature is constrained by a number of different 
factors, including ecological opportunity for transfer, efficiency of DNA uptake, stable 
integration and expression and of the genes as well as the fitness effects of the gene products. 
Recently transferred genes are likely to be functionally suboptimal, requiring adaptation and 
fine-tuning of interactions with various pathways in the new host, and the extent of 
suboptimality is expected to depend on the phylogenetic distance between donor and recipient. 
Different classes of genes show different likelihoods of transfer and genes that are part of 
complex subcellular systems (e.g. the ribosome) that have many interactions with resident 
components are less likely to be stably transferred than those with fewer interactions. We 
determined the fitness effect and fate of horizontally transferred and suboptimal genes that are 
part of the ribosome by transferring via site-specific recombination three ribosomal protein 
genes (rpsT, rplA and rplQ) from various microbes into the Salmonella typhimurium genome. 
HGT of eubacterial genes had unexpectedly small effects on bacterial fitness but they were 
sufficiently large to make the probability of HGT virtually nil in natural situations. Existing 
fitness costs could be rapidly and efficiently ameliorated by gene amplification and increased 
dosage of the transferred ribosomal gene. These results imply a functional coupling between 
HGT and the de novo creation of new genes via amplification and divergence. 



Mechanism of Bacterial DNA Break Repair via NHEJ 

Stewart Shuman, Jide Aniukwu, Hui Zhu and Michael Glickman
Memorial Sloan-Kettering Cancer Center, New York, NY USA 

DNA double-strand breaks (DSBs) can be repaired via homologous recombination or 
nonhomologous end joining (NHEJ). Because NHEJ does not rely on a homologous DNA 
template, it can operate when only one chromosomal copy is available. Recent studies have 
illuminated the existence of an NHEJ pathway in bacteria and its role in repairing DSBs in the 
bacterial chromosome, especially during quiescent states such as sporulation or late stationary-
phase culture. The common thread in eukaryal and bacterial NHEJ is their reliance on the DNA 
end-binding protein Ku and a dedicated ATP-dependent DNA ligase (Lig4 in eukarya, LigD in 
bacteria). Whereas Ku and Lig4 are present in the proteomes of nearly all eukarya, only a subset 
of bacteria have genes encoding Ku and LigD, among which are the human pathogens 
Mycobacterium tuberculosis, Pseudomonas aeruginosa, and Bacillus anthracis and the plant 
pathogen Agrobacterium tumefaciens.  

The efficiency of NHEJ of blunt and 5’-overhang DSBs in mycobacterium is reduced several 
hundred-fold by deletion of Ku and by ~100-fold by deletion of LigD. LigC provides an 
efficient backup sealing function in mycobacteria when LigD sealing activity is ablated by a 
mutation of the ligase active site. LigD is a large multifunctional enzyme consisting of an ATP-
dependent ligase domain (LIG), a polymerase domain (POL) and a 3’-phosphoesterase domain 
(PE). LigC is a minimal ligase with no auxiliary domains. The complexity of the bacterial NHEJ 
ligase menu ranges from the relatively simple state found in Pseudomonas aeruginosa (which 
has a single LigD, and no LigC), to progressively more complex forms in Mycobacterium 
tuberculosis (single LigD, single LigC), Mycobacterium smegmatis (single LigD, two LigCs), 
and Agrobacterium tumefaciens (two LigDs, three LigCs). 

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



Abstract for Genome Maintenance Meeting (GMM3) 31/08 – 02/09, 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 of the fast growing – fast evolving bacteria, such 
as Escherichia coli. Large population sizes, variable mutation rates and horizontal gene transfer 
endow fast growing bacteria with an awesome adaptive potential based on powerful selection 
from huge pools of genetic diversity. Persistent life of such bacteria is based on strong selection: 
repeated preferential survival of a small “winning” fraction of the population (new favorable 
mutants) that replenishes by fast growth in sequential “selective sweeps”. This is selection for 
efficiency and “investment” in population fitness. 
I shall present what appears as an alternative evolutionary strategy of survival: the selection of 
robustness instead of efficiency that occurs under harsh environmental conditions that preclude 
growth of standard organisms. This provides a tough “luxury” of life devoid of competitors. It is 
an “investment” in the fitness of the individual, apparently built-up by acquisition of genes across 
kingdoms of life. A slow grower, but a champion of robustness, is Deinococcus radiodurans. I 
shall review the known molecular mechanisms of its robustness, the most spectacular being the 
DNA repair of the genome shattered to hundreds of fragments by ionizing radiation, chemicals or 
desiccation (Zahradka et al. Nature 443: 569-573, 2006). 
If growth of former bacteria resembles the life-style of epithelia,  Deinococcus may be a 
paradigm for resilient non-dividing neurons and heart muscle cells in the human organism. The 
study of the mechanisms of deinococcal robustness, along with its sturdy eukaryotic congeners 
such as tardigrada, bdelloid rotifers and some “resurrection plants”, could mark the emergence of 
a new biology of resilience with a potential impact on public health and medicine. 



Nucleotide Excision Repair-induced Genetic Instability in E. coli

Robert P Fuchs
Genome Instability and Carcinogenesis, CNRS UPR 3081, 13402 MARSEILLE (France) 

In E. coli, Pol V (encoded by the umuDC operon) is the major Translesion Synthesis 
(TLS) DNA polymerase responsible for the induction of most mutations. This organism 
possesses another specialized DNA polymerase Pol IV (dinB) the role of which is still 
enigmatic. In this presentation we show that Pol IV is involved in a replication-independent 
mutation pathway that accounts for �  70 % of mutations induced by UV-light in a wild-type 
strain. Genetic studies reveal that this new mutation pathway requires the uvrABC genes 
involved in Nucleotide Excision Repair (NER). NER is a major repair pathway that involves 
dual incisions on each side of bulky lesions thus creating short 12-13 nt long gaps that are 
normally filled-in by Pol I. While approximately 99% of the repair patches are indeed short, the 
remaining 1% have previously been shown to be at least 1500 nt long (Cooper, 1982). We 
hypothesize that NER-induced mutations (NER-iM pathway) occur during the filling of these 
abnormally large NER excision tracks when a second lesion resides within the gap. While Pol V 
appears to be directly responsible for the mutagenic event that occurs when it synthesizes a 
short TLS patch opposite the lesion in the gap, similarly to what occurs in the ‘classical’ 
Replication-induced Mutation pathway (R-iM), Pol IV appears to play a key role in the gap-
filling reaction overall. Mechanisms that generate point mutations under stress in the absence of 
DNA replication such as the NER-iM pathway described here may prove to be of general 
importance for the induction of genetic diversity in non-dividing cells. 

Cooper, P.K. Characterization of Long Patch Excision Repair of DNA in UV-irradiated E. coli: 
an inducible function under Rec-Lex Control. Mol. Gen. Genet. (1982) 185: 189-197 



Dam Methylation and Enterohemorrhagic Escherichia coli O157:H7 

M.G. Marinus, University of Massachusetts Medical School, Worcester MA 01605 USA 

Enterohemorrhagic Escherichia coli (EHEC) O157:H7 is highly-infectious and capable of 
causing severe and potentially fatal diarrheal illnesses and is one of the most common causes of 
food and water-borne disease in the USA, Europe and Japan.  As a critical step during their 
colonization, EHEC adhere intimately to intestinal epithelial cells and generate filamentous 
actin ‘pedestal’ structures that elevate them above surrounding cell surfaces. Intimate adhesion 
and pedestal formation result from delivery of effector proteins such as Tir and EspFU into the 
host cell and expression of the bacterial outer membrane adhesin, intimin. Wildtype EHEC 
strains recapitulate adherence and pedestal formation very poorly on cultured human cells in 
vitro. EHEC� dam, a mutant lacking DNA adenine methyltransferase, exhibits dramatically 
elevated levels of pedestal formation when compared to wild type EHEC, and expresses 
significantly higher protein levels of intimin, Tir and EspFU. This increase is not due to 
increased transcription levels, raising the possibility that a post-transcriptional mechanism is 
responsible. We have found that the increase in pedestal formation is dependent on the Hfq 
protein, an RNA chaperone which catalyzes binding of small regulatory RNA (sRNA) 
molecules to messenger RNA. We are currently attempting to identify the sRNA(s) involved. 



The LexA regulated tisAB and dinQ genes modulate UV protection in E. Coli. 

Magnar Bjørås, Ragnhild Weel-Sneve, James Booth and Knut I. Kristiansen 

Institute of Microbiology, Centre of Molecular Biology and Neuroscience, University 

of Oslo, Rikshospitalet, Norway 

Exposure of Escherichia coli to agents that damage DNA or interfere with DNA 

replication induces the expression of a set of genes termed the SOS response. Many of 

the genes induced as part of the SOS response codes for proteins involved in DNA 

repair, recombination, DNA replication and cell division. The key regulators of SOS 

induction are the RecA protein and the LexA repressor. Although the expression of 

the LexA-regulated genes in E. coli has been extensively studied, the role of several 

SOS genes is still unknown, including the dinQ gene and the tisAB gene. Both 

transcripts are regulated by RNA interference. Moreover, overexpressing the dinQ or 

tisAB genes in wild type cells increase UV-sensitivity, supporting that constitutive 

expression of dinQ modulates the cellular protection to UV exposure. In addition, we 

find that overexpression of tisAB is necessary for cleavage of the uxaA mRNA, 

encoding altronate dehydratase, an enzyme specific for feeding the sugar acid 

galacturonate into the Entner Doudoroff pathway (14). The presence of antisense 

sequences to uxaA and also to the SOS inducible gene, dinD, suggests additional 

regulatory complexity in the tisAB function.  



Diversity and mechanism of the conjugation machinery 

M. Pilar Garcillán-Barcia and Fernando de la Cruz
Departamento de Biología Molecular (Universidad de Cantabria) and Instituto de Biomedicina y 
Biotecnología de Cantabria (C.S.I.C.), C/ Herrera Oria s/n, 39011 Santander, Spain 

Plasmid conjugation is a leading mechanism for genetic exchange in bacteria and thus an 
important mechanism of bacterial evolution. Analysis of the diversity of conjugative systems 
indicates that there is a single predominant mechanism of plasmid conjugation. In our analysis, 
the relaxase protein superfamily was divided in protein families (MOBF, MOBP, MOBQ, 
MOBHEN, MOVV, MOBH and MOBC). This allowed the classification of conjugation systems in 
seven MOB families, which represent the diversity of the conjugative machinery. The NCBI 
database of plasmid sequences, composed of > 1,000 plasmids from complete microbial 
genomes, was analyzed for relaxase diversity. Thus we get an idea of the plasmid landscape in 
the database: distribution by phyla, plasmid size, relaxase family, etc. Analysis of these data 
unveils the diversity and relationships of the known conjugation systems. Besides, it will 
provide researchers with a useful tool for further mining and analyzing the plasmid universe 
both experimentally and in silico.  

The universal mechanism of conjugation involves the cleavage of the transferring DNA in a site 
called oriT by a protein termed relaxase. As a result of the reaction, the relaxase becomes 
covalently bound to the oriT DNA. The resulting nucleoprotein complex is transported to the 
recipient cell by a protein export mechanism known as type IV secretion system. The DNA is 
actively pumped into the recipient cell by the type IV coupling protein (T4CP).  We have 
analyzed some details of the mechanism of conjugative DNA processing by examining plasmid 
R388. Our latest results on the mechanism of action of TrwC, plasmid R388 specific relaxase, 
will be presented. Specifically we will discus the different roles played by TrwC two catalytic 
tyrosines: Y18 and Y26. 



Role of Helicobacter pylori type IV secretion systems in DNA transfer and 
virulence 

Wolfgang Fischer1, Matthias Zeiller1, Lukas Windhager2, Ralf Zimmer2 and Rainer Haas1

1Max von Pettenkofer Institute, Department Bacteriology, LMU Munich, Munich, Germany  
2Institut fuer Informatik, LMU Munich, Munich, Germany 

Helicobacter pylori colonizes the gastric mucosa of half of the world population and may 
cause chronic gastritis and peptic ulceration. H. pylori is one of the most diverse and variable 
bacterial species known. Disease induction is strongly dependent on the particular type of H. 
pylori strain. Thus, type I H. pylori strains, which carry a functional cag-type IV secretion 
system (cag-T4SS) and produce an active vacuolating cytotoxin (VacA) are often associated 
with more severe disease as compared to type II strains, which lack these virulence factors. 
The cag-T4SS is encoded on the cag-pathogenicity island (cag-PAI), consists of at least 27 
genes and translocates the effector protein CagA into gastric epithelial cells. Translocated 
CagA is tyrosine-phosphorylated by the cellular Src kinase. Phosphorylated CagA starts 
reprogramming of the target cell by affecting the tight junction or adherence junction complex 
and by inducing cellular motility (cell scattering) and cellular elongation (hummingbird 
phenotype).  
 In addition to the cag-T4SS, which is only present in type I H. pylori strains, all H. 
pylori isolates seem to carry the comB T4SS, which mediates natural competence for DNA 
transformation in H. pylori. The comB system seems to replace the type IV pilus mediated 
DNA uptake system, which is found in other naturally competent bacteria instead. In certain 
H. pylori strains a third T4SS has been described (tfs3), for which no function could be 
identified. We started recently a whole genome sequencing project of a novel H. pylori strain 
and identified an additional T4SS in this strain, which we termed tfs4. This particular strain 
carries actually all four T4SS in parallel. tfs4 seems to represent a complete T4SS in H. pylori, 
since it carries homologues of all 11 genes of the prototypic Agrobacterium tumefaciens
T4SS. The function of tfs4 in H. pylori is not known yet, but due to the gene content both tfs3
and tfs4 seem to represent DNA transfer systems.  
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The Ins and Outs of DNA transfer in Thermus thermophilus  

Beate Averhoff 
Molecular Microbiology & Bioenergetics, Institute of Molecular Biosciences, Goethe University 
Frankfurt/Main, Germany 

Thermus thermophilus HB27 is well known for its extraordinary trait of high frequencies of natural 
transformation, which is considered a major mechanism of horizontal gene transfer. DNA transport in 
T. thermophilus is mediated by a macromolecular transport machinery which is linked to type IV pili 
biogenesis. The DNA translocator consists of at least 16 subunits involving pilin-like proteins, a 
secretin-like usher of the DNA translocator in the outer membrane, a AAA+-ATPase, a DNA binding 
protein as well as integral inner membrane proteins. Western blot analyses revealed that eight 
competence proteins, PilMNOWQ, PilC, PilF, and  PilA4 are components of a DNA translocator 
structure spanning the inner and outer membrane. Comparative mutant studies revealed that the  
nonconserved PilW and the secretin PilQ significantly affect each others localization in the outer 
membrane. Furthermore no pilin-like PilA4 was present in the outer membranes of these mutants. 
From these findings we conclude that the abilities of PilW, PilQ, and PilA4 to stably localize or 
accumulate in the outer membrane fraction are strongly dependent on one another, which is in accord 
with an outer membrane DNA translocator complex comprising of PilW, PilQ, and PilA4. The 
structure and function of this protein complex is currently under investigation. 
DNA binding and/or transport studies with different transformation-defect mutants revealed that the 
pilin-like competence protein PilA4, the potential motor protein PilF, the conserved competence 
protein ComEA and the nonconserved PilW are essential for DNA transport. The secretin PilQ was 
found to be involved in DNA binding and the competence proteins PilA1-3,  ComEC-, PilC-, ComZ-, 
PilM-, PilN- and PilO are essential for DNA transport through the periplasm and/or the inner 
membrane. 
DNA transport studies with heterologous DNAs revealed that T. thermophilus transports DNA from 
representatives of the bacteria, eukarya and archaea. These results provide growing evidence that T. 
thermophilus plays a major role in interdomain DNA transfer in extreme environments. 



Interplay of DprA, RecA, and SsbB in the processing of transforming DNA 
in Streptococcus pneumoniae  
�
Jean-Pierre Claverys 

Laboratoire de Microbiologie et Génétique Moléculaires, UMR 5100, CNRS, Université Paul 
Sabatier, 118 route de Narbonne, 31062 Toulouse cedex09, France 

Genetic transformation, which was originally discovered in the human pathogen Streptococcus 
pneumoniae (the Pneumococcus), is widely distributed in nature. It relies on a process that is inherent 
to the species and constitutes a bacterium-programmed mechanism for genetic exchange. Natural 
transformation proceeds through the uptake of exogenous DNA and subsequent homology-dependent 
integration into the genome. In S. pneumoniae, the processing of internalized single-stranded DNA 
involves the transformation-dedicated single-stranded DNA (ssDNA) binding protein, SsbB, the 
ubiquitous recombinase, RecA, and DprA, a protein widely conserved in bacteria. Intriguingly, 
inactivation of dprA or recA results in immediate degradation of incoming ssDNA. These data suggest 
that DprA and/or RecA could be involved in the protection of ssDNA. Consistent with this view, 
purified DprA binds ssDNA and protects it from nucleases. On the other hand, ssDNA is recoverable 
from lysates of transformed cells as a nuclease-resistant nucleoprotein complex. The major protein 
component of this complex was recently identified as SsbB. The possible significance of these data 
will be discussed. 



Regulated Proteolysis in the Competence Pheromone Response of 
Streptococcus pneumoniae

Donald Morrison,  Laboratory for Molecular Biology, Department of Biological Sciences, 
University of Illinois at Chicago, Chicago, IL  60607 USA   

Development of competence for genetic transformation in Streptococcus pneumoniae is 

both highly coordinated and stringently controlled. Coordination within a population is 

mediated by a secreted peptide pheromone, CSP, which, on reaching sufficiently high 

levels, up-regulates transcription of eleven operons via a two-component signal 

transduction system receptor, ComD, and a cognate transcription factor, ComE. Among 

the products of this set of ’early’ operons is the alternative sigma factor ComX, and a 

co-factor, ComW, which in turn direct transcription of 21 ‘late’ operons. Protein 

products of late operon genes include effectors of DNA transport and genetic 

recombination, as well as lysis of non-competent cells. Regulation of the expression of 

genes in both sets is stringent, with transcript levels of operons in both sets modulated 

by factors of over one hundred-fold. Nonetheless, an additional layer of regulation is 

being revealed,  imposed by activities of a class of bacterial ATP-dependent proteases 

that frequently carry out regulated proteolysis. Although the participants and targets are 

unclear, for example, clpP down-regulates basal expression of the operon encoding the 

competence pheromone and its receptor TCSTS, suggesting a proteolytic mechanism 

affecting critical steps in early gene expression. The response regulator ComE is itself 

quite stable, but recent evidence indicates that later steps of signal transduction are also 

subject to proteolytic regulation, as ComX is labile except in clpE or clpP mutants, and 

ComW is similarly unstable except in clpC or clpP mutants. Finally, at least one critical 

recombination protein, CoiA, is rapidly degraded at the termination of competence.  

Multiple levels of regulation are apparently required to coordinate development of 

competence, not least because competent cells can cause  lysis of non-competent cells. 



A predatory mechanism dramatically increases the efficiency of lateral 
gene transfer in Streptococcus pneumoniae.

S. Håvarstein
University of Life Sciences, Norway 
  
During the last two decades pneumococcal resistance to penicillin and other antibiotics 
has increased at an alarming rate worldwide, a development that has caused growing 
concern among physicians. Pneumococci acquire penicillin-resistance determinants from 
their commensal relatives Streptococcus mitis and Streptococcus oralis by a mechanism 
called natural genetic transformation. 
It has previously been demonstrated that competent pneumococci attack and lyse their 
non-competent siblings during co-cultivation1. It remains to be shown, however, whether 
cross-species lysis takes place, and if the lysis mechanism actually contributes to 
increased gene transfer between target and attacker cells. To answer this question we set 
up an in vitro co-cultivation assay that enabled us to detect and quantify transfer of a 
novobiocin marker from target to attacker cells. Since the lysis mechanism is completely 
dependent on CbpD, co-cultivation experiments using attacker cells lacking this protein 
were run in parallel as a negative control. Intriguingly, the results of the co-cultivation 
experiments showed that the competence associated lysis mechanism has a dramatic 
impact on intraspecies gene exchange in S. pneumoniae. Transfer of the novobiocin 
marker was a thousand-fold more efficient with CbpD-proficient compared to CbpD-
deficient attacker cells. Similarly, the lysis mechanism also has a strong positive effect on 
interspecies gene exchange. Pneumococcal attackers with a functional cbpD gene were 
forty-fold more efficient than their cbpD deficient sister cells in capturing DNA from S. 
oralis SK153. In a corresponding experiment with S. mitis NCTC12261 target cells the 
difference was ten-fold. This gene-exchange mechanism gives pneumococci and their 
close relatives access to a common gene pool that is significantly larger than their own 
genomes, a property representing a considerable advantage when these bacteria are 
subjected to external selection pressures such as vaccination and treatment with 
antibiotics.  

1Claverys, J.P. and Havarstein, L.S. (2007) Nature Reviews Microbiology, 5, 219-229. 



Pilin gene variation in Neisseria gonorrhoeae: reassessing the old 
paradigms

Stuart Hill, Tracy Woodward, Andrew Reger, Rachel Baker, and Theresa Dinse 

Northern Illinois University, Department of Biological Sciences, DeKalb, IL 60115 USA 

The role of the RecBCD recombination pathway in PilE antigenic variation in Neisseria 
gonorrhoeae is contentious and appears to be strain dependent.  The strain dependency 
appears to be due to innate recombination/repair differences between different gonococcal 
strains, with strains FA1090 and P9 rec+ bacteria presenting pronounced recombination/repair 
defects, whereas strain MS11 rec+ bacteria presenting a more robust repair phenotype. 
Consequently, MS11recB mutants were found to be highly susceptible to DNA treatments
that caused double-chain breaks as well as being defective for pilE/pilS recombination. As 
pilE/pilS recombination is able to proceed with gonococci that carry inverted pilE loci, then 
for recombination/repair proficient gonococci a RecBCD-mediated double-chain-break repair 
model is proposed as the major pathway for PilE antigenic variation.  Nonetheless, residual 
pilE/pilS does occur in MS11recB mutants which may be explained by the emergence of
growth suppressor mutations within the population.  Therefore, the feasibility of an 
alternative successive half crossing-over model is explored using DNA transformation as a 
surrogate mechanism to target specific pilE recombination events.  From these studies we 
conclude that successive half crossing-over is feasible yet considerable genetic constraints 
must be overcome; notably, some mechanism must prevail that ensures that the second half 
crossing-over step occurs within the same pilS gene copy as the first half crossing-over step.  
Furthermore, the contribution of DNA mismatch-repair to pilE gene variation is also 
examined.  Comparing pilE/pilS recombination between MS11 rec+and MS11 mutS mutants, 
we found little difference in recombination propensity, however, a noticeable difference was 
observed with respect to pilus phase variation.   



Meningococcal versus mycobacterial genome dynamics 

Tonje Davidsen, Stephan A. Frye, Seetha V. Balasingham, O. Herman Ambur, Håvard 
Homberset, Emma Lång, Kristian Alfsnes, Tone Tønjum

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

Neisseria meningitidis and Mycobacterium tuberculosis are major pathogens worldwide that 
exhibit different survival strategies as an opportunistic mucosal surface organism and an 
intracellular parasite, respectively. N. meningitidis faces up to the environment in its exclusive 
human host with a small but hyperdynamic genome, while it is naturally competent for 
transformation throughout its life-cycle. We constructed a panel of N. meningitidis mutants 
inactivating genes representing all the main DNA repair pathways. The highest spontaneous 
mutation frequency among the N. meningitidis single mutants was found in the MutY-deficient 
strain as opposed to mutS mutants in Escherichia coli, indicating a role for meningococcal MutY 
in antibiotic resistance development. In general, distinct differences between N. meningitidis and 
established DNA repair characteristics in E. coli were found. We also searched for DNA binding 
proteins in meningococcal cellular fraction in order to identify the entire complement of proteins 
driving the transformation machinery. Interestingly, the pilus biogenesis components PilQ and 
PilG both binds DNA. 

In contrast to N. meningitidis, M. tuberculosis exists in genetic isolation with a relatively 
static genome and no horizontal gene transfer, depending on localized intragenomic mutation and 
recombination events for variation mediating adaptation. No less than four M. tuberculosis gene 
homologs belonging to the fpg/nei family have been identified. The main Fpg homolog Mtb-Fpg1 
exhibited enzyme activities typical for Fpg enzymes, suggesting that Mtb-Fpg1 plays a significant 
role in the defense against oxidative damage. Even though the Mtb-fpg1 gene itself is nearly 
completely conserved, the region upstream of Mtb-fpg1 in a panel of 32 M. tuberculosis isolates 
contained variable number of tandem repeat motifs (VNTRs). Varying levels of Mtb-fpg1 
expression was detected in strains with long and short upstream repeat regions, indicating that the 
length of these tandem repeats affects gene expression levels. This is the first evidence linking 
VNTRs, which otherwise has only been assessed as part of a M. tuberculosis complex typing 
scheme, to the expression level of a gene. Taken together, these results contribute to resolving the 
genotype / phenotype relationships of meningococcal and mycobacterial genome variability, 
conservation and mutator activity, relevant for disease development in a number of prokaryotic 
and eukaryotic systems.  



The impact of the neisserial DNA uptake sequence on genome evolution and 
stability 

O. Herman Ambur1, Stephan A. Frye1, Todd Treangen2, Eduardo P. Rocha2, Tone Tønjum1, 

1Centre for Molecular Biology and Neuroscience, Institute of Microbiology, University of 
Oslo, Rikshospitalet, Norway, and 2Atelier de Bioinformatique, CNRS, Institut Pasteur, Paris, 
France  

Generating genetic variation in the pathogen Neisseria meninigitidis is vital for 
avoiding the specific activities of the immune response of its exclusive human host. 
Horizontal transfer of DNA by means of transformation has generally been regarded 
as a major contributor to such variation. However, analysis of the distribution of the 
abundant DNA uptake sequence (DUS) suggests that the demand for genetic variation 
is not the main selective pressure that has driven the evolution of the complex process 
of transformation. Since DUS are required for efficient transformation, their genome-
wide distribution provides an unparalleled insight into their evolutionary role and that 
of transformation itself. We aligned six complete genomes from three different 
neisserial species, defined the core genome and assessed DUS distributions and we 
found that DUS clustered in the core genome and were completely absent from 
recently acquired and recently lost sequence. Furthermore, DUS was 
underrepresented in regions of the core genome that were under selective pressure 
driving diversification, suggesting that DUS are not primarily involved in generating 
variation at these loci. We observed a striking correlation between the distance 
between DUS elements in the genomes of Neisseria and the length of conversion 
fragments, indicating that the DUS distribution is tuned over evolutionary time and 
can best be explained by a history of recombination. As many other pathogens, N. 
meningitidis strains have hyperdynamic and adaptable genomes. The results presented 
here suggest that transformation is not the main source of genome instability. Since 
transformation allows the re-assortment of alleles in populations this process can both 
reduce clonal interference, the competition between adaptive mutations in different 
clones, and efficiently purge deleterious mutations. Thus, rather than promoting 
variation, our data suggests that transformation is predominantly regenerative and in 
the course of evolution represents a conservative mechanism.  



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) König 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 stability keepers in 
Mycobacterium tuberculosis 

Brigitte Gicquel1, Tiago Dos Vultos1, Olga Mestre1, Carlos Martin2, Vania Rosas-Magallanes1 Ivan 
Matic3, Tone Tonjum4, Patrick Deschavanne5 and Olivier Neyrolles1  
1Mycobacterial Genetics, Unit Institut Pasteur, Paris, France 
2 Department of Microbiology, University of Saragoza, Spain 
3 Institut National de la Santé et de la Recherche Médicale U571, Faculté de Médicine, Université 
Paris V, Paris, France 
4 Centre for Molecular Biology an Neuroscience and Institute of Microbiology, University of Oslo, 
Norway 
5 Equipe de Bioinformatique Génomique et Moléculaire, INSERM UMR-S 726, Université Paris 7, 
Paris, France 

M. tuberculosis complex (MTC) strains are highly clonal. Their nucleotide sequences are 99.9% 
identical. Diversity was initially only observed at the level of repetitive sequences, either direct repeats 
or mobile elements. Transposition of IS6110 provides an additional promoter to genes adjacent to their 
insertion site, thus modifying virulence phenotypes as described for the MDR tuberculosis outbreak 
with strain B in Spain. Our recent analysis identified the presence of sequences that had been acquired 
by horizontal transfer with characteristics of pathogenicity islands. The analysis of variations in genes 
involved in DNA repair, replication or recombination (3R) showed a higher level of polymorphism as 
compared with housekeeping genes not involved in 3R pathways. The consequent lack of fidelity in 
genome maintenance may serve as a starting point for the evolution of antibiotic resistance, fitness for 
survival and pathogenicity. These variations in 3R genes provide genetic markers that are useful 
to differentiate strains within families and detect outbreaks. 



The dilemma of the bacterial genome between organisation and 
creativity 

Eduardo Rocha1,2

1Microbial Evolutionary Genomics, Institut Pasteur, 28 rue Dr Roux, 75015 Paris, France. 
2Atelier de Bioinformatique, UPMC-Paris06, 4 Pl Jussieu, 75005 Paris, France. 

Many bacterial cellular processes interact intimately with the chromosome. Such interplay is the 
major driving force of genome organization. Interactions take place at different scales -mostly 
local for gene expression, mostly global for replication- and lead to the differentiation of the 
chromosome into organizational units such as operons, replichores, or macrodomains. These 
processes are intermingled in the cell and create complex higher-level organizational features 
that are adaptive because they favor the interplay between the processes. The surprising result of 
selection for genome organization in prokaryotes is that gene repertoires change much more 
quickly than chromosomal structure. In E. coli this is achieved by the existence of integration 
hotspots, in other genomes by regionalising variability. Nevertheless, chromosomes are 
continuously challenged by rearrangements caused by recombination between repeated 
elements which may themselves be adaptive, e.g. to generate genetic variability. This leads to a 
load of deleterious changes that must be tackled by the cell, e.g. by promoting sexual 
exchanges. By analysing the rates of fixed rearrangements one can now test rigourously the role 
of putative determinants of chromosome stability.  



Structural basis for hypoxanthine recognition and 3’ incision by 
endonuclease V 

Bjørn Dalhus1,2, Ida Rosnes 1,2, Andy Arvai3, Øyvind Edon Olsen2, Ingrun Alseth2, Paul Hoff 
Backe1,2, Weiguo Cao4, John A. Tainer3 & Magnar Bjørås1,2

1Centre for Molecular Biology and Neuroscience (CMBN) and Institute of Medical 
Microbiology, Rikshospitalet-Radiumhospitalet Medical Centre, N-0027 Oslo, Norway. 
2Institute of Clinical Biochemistry, University of Oslo, N-0027 Oslo, Norway. 
3Department of Molecular Biology and The Skaggs Institute for Chemical Biology, The Scripps 
Research Institute, La Jolla, CA 92037, USA. 
4Department of Genetics and Biochemistry, South Carolina Experiment Station, Clemson 
University, Clemson, SC 29634, USA. 

Spontaneous deamination of adenine results in the transformation to the mutagenic 
hypoxanthine nucleobase in DNA, causing AT to GC transitions at deaminated adenines 
during replication. Hypoxanthine is recognized by the 3' deoxyinosine endonuclease V 
(EndoV), which is highly conserved with sequence homologues in all domains of life. 
Here we present the crystal structures of an inactive EndoV mutant in complex with 
substrate DNA harboring a hypoxanthine nucleobase as well as the structure of wild-
type EndoV bound to the nicked product. The structures reveal a lesion-specific 
recognition pocket into which the deaminated base is inserted. EndoV incises the DNA 
at the second phosphodiester bond 3' of the lesion and the detailed structure of a 
conserved catalytic triad responsible for this off-set nicking activity is unveiled. Finally, 
the structures reveal a DNA strand-separating wedge on the protein surface, probably 
playing an important role in the detection other EndoV substrates like of loops, flaps 
and pseudo-Y structures. 



Phase Variation Rate: Determinants of and Fitness Implications for 
Neisseria meningitidis and Campylobacter jejuni

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

Highly mutable repetitive DNA sequences are a feature of all bacterial genomes. In several 
species mutations in simple sequence repeats tracts, i.e. microsatellites, mediate alterations in 
gene expression. The elevated mutation rates of these tracts results in the high frequency, 
reversible generation of phenotypic variants termed phase variation. Multiple genes in Neisseria 
meningitidis and Campylobacter jejuni are subject to phase variation due to polyC or polyG 
tracts. Most of these genes encode surface proteins or enzymes involved in biosynthesis of 
surface structures such that phase variation is a major determinant of fitness. The mutation rates 
of these repeat tracts are determined by both cis- and trans-acting factors. The mutability of two 
C. jejuni repeat tracts have been examined using lacZ reporter constructs and antibodies to a 
surface protein. The mutation rates for these tracts are similar to the rates observed for 
mononucleotide repeat tracts in mutator strains of N. meningitidis. The mutational patterns and 
influence of cis-/trans-acting factors on mutability of the C. jejuni tracts will be discussed in 
comparison to similar studies in other species. The importance of mutation rate for fitness was 
also investigated using a bactericidal antibody specific for a phase variable epitope of N. 
meningitidis. Inactivation of the mutS gene of N. meningitidis conferred both an elevated phase 
variation rate for this epitope and an enhanced ability to escape antibody-mediated bactericidal 
activity. These findings will be discussed with reference to the biology of N. meningitidis and C. 
jejuni.



Antibiotic stress and genomic instability 

Jesús Blázquez 
Centro Nacional de Biotecnología (CNB) - Consejo Superior de Investigaciones 
Científicas (CSIC). Madrid, Spain��

The widespread use of antibiotics as human and animal therapeutic agents and growth 

promoters has produced a major challenge for bacteria, leading to the selection and 

spread of antibiotic resistant variants. However, antibiotics seem to be more than 

mere selectors of these variants. We will present data showing that stress produced by 

quinolone and beta-lactam antibiotics can increase genetic variation by stimulating 

both mutation and recombination. Ciprofloxacin-based stimulation of recombination 

of both homologous and divergent DNA sequences is independent of SOS induction 

and occurs via either RecBCD or RecFOR pathways. These effects have been 

detected in different bacterial species. Thus, stress produced by some antibiotics may 

favour genomic instability and diversity in bacteria, including 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 the notion that macromolecular damage 
accumulates over time, and could cause many of the phenotypical changes and 
genome instability seen with the aging process in mammalian organisms. A particular 
culprit is oxidative stress. The damage to protein and RNA are significant, but the 
consequences of DNA damage may be even more important. The DNA repair system 
protects the DNA by removal of the damage, and we are interested in whether DNA 
repair attenuates with aging and what the underlying causes are. DNA repair 
processes will be discussed and our approaches include the study of human premature 
aging syndromes to examine DNA repair in aging. Specific clinical conditions, such 
as Werner syndrome and Cockayne syndrome will be discussed, and we are also 
pursuing the notion that many forms of age associated neurodegeneration including 
Alzheimers disease are deficient in DNA repair, which could be a causative factor. 
DNA repair systems in the nucleus and in the mitochondrial genome are 
fundamentally different, and both need to be considered in the association with aging. 



Roles of DNA adenine methylation in Salmonella infection: regulation 
of virulence genes and repair of bile-induced DNA damage 

Josep Casadesús, Javier López-Garrido, Marcello Jakomin, Ignacio Cota, Sara Hernández-
Piñero, Meritxell García-Quintanilla, Francisco Ramos-Morales 
Departamento de Genética, Facultad de Biología, Universidad de Sevilla, Apartado 1095, E-
41080 Sevilla, Spain 

DNA adenine methylase (Dam–) mutants of Salmonella enterica are severely attenuated in the 
mouse model: 10,000 fold by the oral route, and 1,000 fold by the intraperitoneal route. Lack of 
Dam methylation causes a plethora of virulence-related defects: (i) reduced invasion of 
epithelial cells; (ii) reduced secretion of invasion proteins encoded by genes of pathogenicity 
island I (SPI-1); (iii) sensitivity to bile; (iv) loss of cytotoxicity to M cells of Peyer's patches; (v) 
reduced motility; (vi) uncontrolled synthesis of Std fimbriae; and (vii) envelope instability with 
protein leakage and release of outer membrane vesicles. Some such defects can be correlated 
with altered patterns of gene expression caused by absence of Dam methylation. For instance, 
lowered transcription of SPI-1 genes may explain the reduced rates of epithelial cell invasion 
found in Dam– mutants. Reduced SPI-1 transcription in Dam– mutants is caused by lowered 
levels of the transcriptional activator HilD. An enigmatic observation is that Dam-mediated 
regulation of hilD is postranscriptional (and therefore indirect). Other virulence-related loci 
which show impaired expression in Salmonella Dam– mutants are the fimbrial operon std, the 
Braun lipoprotein gene lppB, flagella and chemotaxis genes, the siiE gene, and the STM2208-
STM2209 operon. The molecular mechanisms by which Dam methylation regulates the 
expression of these loci are diverse and only partially understood. The finding that specific 
virulence defects of Dam– mutants can be correlated with altered gene expression patterns does 
not imply that gene regulation is the only virulence-related role of Dam methylation in 
Salmonella. Dam methylation is also required for strand discrimination by the MutHLS system, 
which repairs bacterial DNA damage upon exposure to host-synthesized compounds. 
Specifically, Dam-directed mismatch repair is required, together with other DNA repair 
systems, to cope with DNA lesions induced by bile salts.



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

Charles J. Dorman
Department of Microbiology, Moyne Institute of Preventive Medicine, School of Genetics and 
Microbiology, Trinity College, Dublin 2, Ireland 

Horizontal gene transfer brings with it the problem of integrating the newly acquired genes into 
the existing regulatory circuits of the cell. This issue has been studied intensely in the Gram-
negative bacteria Escherichia coli, Salmonella enterica and Shigella flexneri. It is apparent that 
nucleoid-associated proteins are represented very prominently among the regulators of genes 
that have been acquired by lateral transfer. In particular, whole-genome studies and 
investigations of individual genes have established roles for H-NS, Fis, HU and IHF as 
transcriptional regulators. In this presentation, the extent of the contributions will be discussed 
together with evidence that the biological properties of nucleoid-associated proteins fit them 
particularly well for this role. 



Organization of Escherichia coli replication forks by the SeqA protein 

K. Skarstad, T. Bach, G. Fimland, I. Flåtten, S. Fossum, L. Johnsen, Morigen, I. Odsbu,  C. 
Stokke and T. Waldminghaus 
Department of Cell Biology, Institute for Cancer Research, The Norwegian Radium Hospital, 
Rikshospitalet HF, Oslo, Norway 

The E. coli SeqA protein binds to newly replicated, hemimethylated DNA and forms structures 
that can be visualized as foci in fixed cells by immunofluorescence microscopy. The numbers of 
SeqA foci per cell correlate roughly with the amount of DNA per cell during rapid growth, but 
is not governed by the exact numbers of replication forks. Extra forks seem to be included at 
existing SeqA structures. In vitro the SeqA protein forms left-handed helical fibers of head-to-
head-tail-to-tail multimers that are capable of binding separate DNA molecules containing 
hemimethylated GATC sites. In vivo SeqA structures consisting of (at least) multimeric SeqA 
and the 4 hemimethylated DNA strands of 2 replication forks were found to be intact after cell 
lysis and escape of the DNA from the cell. Loss of SeqA led to aberrant localization of both 
replication forks and origins. Mutation or loss of SeqA also leads to re-initiation of replication 
at new origins. The inactivation of new origins by SeqA is termed sequestration and depends on 
the prolonged binding of SeqA to hemimethylated GATC sites in the origin. Sequestration was 
also found to depend on binding of the initiator protein, DnaA. It is not known where newly 
formed, sequestered origins are situated, but preliminary experiments indicate that they 
colocalize with the replication fork-SeqA structures.  



Determining mechanisms of constitutive SOS expression in E. coli
using fluorescence microscopy and single cell analysis  

Edward Long, Nicholas Renzette, Richard C. Centore and Steven J. Sandler  

University of  Massachusetts, Department of Microbiology, Amherst, Massachusetts, USA  

Repairing DNA damage begins with its detection and is often followed by elicitation of a 
cellular response. In E. coli, RecA polymerizes on ssDNA created after DNA damage and 
induces the SOS Response.  The RecA-DNA filament is an allosteric effector of LexA auto-
proteolysis. LexA is the repressor of the SOS Response. Not all RecA-DNA filaments, however, 
lead to an SOS Response. Certain recA mutants express the SOS Response (recAC) in the 
absence of external DNA damage. Genetic analysis of three recAC mutants was used to 
determine the mechanism of constitutive SOS (SOSC) expression using the fluorescence of 
single cells carrying an SOS reporter system (sulAp-gfp). Two of the mutants, recA730 (E38K) 
and recA4142 (F217Y), seemed to represent two extreme mechanisms for SOSC expression. 
recA730 expressed SOS highly in all cells and its SOSC expression was only dependent on 
dnaB, the replicative helicase. SOSC expression in recA4142 mutants was dependent on its 
initial level of transcription, recBCD, recFOR, recX, dinI, xthA and media. Depending on the 
property, recA4161 (DC17) mutants behaved like either recA730 or recA4142 mutants. Some 
combinations of mutants produced bi-modal distributions with respect to SOSC expression. 
recBCD and dnaB mutations increased the molecular noise associated with gene expression 
across some populations. It is proposed that RecA730 and RecA4161 bind to ssDNA at 
replication forks and that RecBCD loads RecA4142 at Double-Strand Breaks (DSBs) normally 
processed by XthA (Exo III). More of these DSBs occur in minimal, than rich medium grown 
cells. 



Quantitative analysis of competence development in Bacillus subtilis

Madeleine Leisner1, Jan-Timm Kuhr2, Erwin Frey2, Berenike Maier1
1 Institut für Allgemeine Zoologie und Genetik, Westfälische Wilhelms Universität, Schlossplatz 5, 
48149 Münster, Germany 
2 Arnold Sommerfeld Center for Theoretical Physics and Center for NanoScience, Department für 
Physik, Ludwig-Maximilians-Universität München, Theresienstr. 37, 80333 München, Germany 

Multistability in gene expression within a population of genetically identical cells enables populations 
of cells to maintain a diversity of phenotypes and to rapidly adapt to environmental changes. 
Competence development in Bacillus subtilis has become a paradigm for a multistable system which 
implements a genetic switch through a non-linear positive feedback of a transcriptional master 
regulator. The transition from the non-competent state (with basal concentration of the master 
regulator for competence ComK) to the K-state (competent state with high ComK concentration) 
behaves like a bistable switch.  
To better understand the mechanism that sets the fraction of cells that switch into the K-state (K-
fraction), we characterized the basal comK expression in individual non-competent cells and found a 
large cell-to-cell variation. Our data support a model in which the average basal level of ComK raises 
during late exponential phase and due to noise in basal comK expression only those cells that are on 
the high end of comK expression trigger the autocatalytic feedback for ComK transcription. We show 
that a subsequent shut-down of basal expression rate sets a 'time-window' for switching and is thus 
involved in determining the K-fraction. Furthermore, we investigated determinants that control the 
kinetics of the genetic switching process from the vegetative state to the competent state of Bacillus 
subtilis. We developed a non-linear dynamics model taking into account low-number stochastic 
effects. The model quantitatively describes the probability and timescale of switching at the single cell 
level. Furthermore, the model predicts a transition from stochastic to deterministic switching at 
increased production rates of ComK in agreement with experimental data. 
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Impact of defects in DNA repair genes on genome instability and phase variation 
in Neisseria meningitidis

Kristian Alfsnes, Marie Bergem-Ohr, Ole Herman Ambur and Tone Tønjum 
Centre for Molecular Biology and Neuroscience, Institute of Microbiology, University of 
Oslo, Norway 

Neisseria meningitidis (the meningococcus, Mc), an important human pathogen, is 
known to be highly mutable yet different strains show various levels of mutation 
rates. Phase variation is caused by the instability of polynucleotide tracts, which 
affects gene expression or on-off switching. In this study, we performed in vivo 
monitoring of phase variation as well as spontaneous and stress-induced mutagenicity, 
and observed the functional dependence in representative DNA repair mutants. 

A system for measuring the frequency of the switching of a polynucleotide tract 
inside the spectinomycin (Sp) resistance gene allowing quantitative assessment of the 
switching rate was established1. The quantitative effects of Mc DNA repair null 
mutants including � fpg, � mutY, � mutS and � mutL were assessed. Ultimately, this 
phase variation system will also be utilized for monitoring the effects of mutanted 
DNA binding protein identified by “fishing for DNA binding proteins” using 2D gel 
separation, solid phase overlay assay with DNA substrates and MS-MS analysis, 
providing a platform to study the in vivo effects of DNA binding proteins in general. 

We find that both � fpg and � mutS mutants in some Mc strains significantly increased
phase variation rates in comparison to wildtype strains, whereof, the highest increase 
was observed for � mutS mutants, indicating that the mismatch repair protein MutS 
has a more pronounced effect on the stability of polynucleotide tracts in Mc than the 
base excision repair component Fpg. We also observed large strain-specific 
differences in the basic phase variation and mutation rates. Some of these were very 
high and indistinguishable from the corresponding DNA repair null mutants. These 
results suggest that large intraspecies differences exist. We will correlate these 
differences to fitness for survival, adaptability and virulence. 

Reference 
1. Alexander HL, Richardson AR, Stojiljkovic I.  Natural transformation and phase 
variation modulation in Neisseria meningitidis. Mol 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 SsbB 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 inactivated by promoting 
the presence of hemimethylated DNA 

Trond Bach, Morigen, Torsten Waldminghaus and Kirsten Skarstad 
Department of Cell Biology, Institute for Cancer Research, The Norwegian Radium 
Hospital, Rikshospitalet, University of Oslo, 0310 Oslo, Norway 

The Escherichia coli replication origin, oriC, and other regions with high numbers of 
GATC sites remain hemimethylated after replication much longer than regions with 
average numbers of GATC sites. The prolonged period of hemimethylation has been 
attributed to the presence of bound SeqA protein. Here, it was found that a GATC cluster 
inserted at the datA site (which in vivo binds large amounts of DnaA), did not become 
remethylated at all, unless the availability of the DnaA protein was severly reduced. 
Sequestration of oriC was also found to be affected by the availability of DnaA. The 
period of origin hemimethylation was reduced ~30 % by a reduced availability of DnaA. 
The result shows that not only SeqA binding, but also DnaA binding to newly replicated 
origins contributes to keeping them hemimethylated. It was also found that the number of 
SeqA foci increased in cells with endless sequestration of a GATC::datA cluster.  



Elucidating the role of DNA repair in genome maintenance 
of Mycobacterium tuberculosis 

Seetha Balasingham1,3, Stephan A. Frye1,3, Tonje Davidsen1,3, Ingrid Olsen1,2 and Tone 
Tønjum1,3  

1Centre for Molecular Biology and Neuroscience and Institute of Microbiology, University of Oslo, 
Norway, 2National Veterinary Institute, Oslo, Norway, 3Institute of Microbiology, Rikshospitalet, Oslo, 
Norway

As an intracellular pathogen, Mycobacterium tuberculosis (Mtb) survives and 
replicates inside the macrophage. The Mtb genome encounters considerable damage 
as a result of exposure to oxidative and nitrosative stress generated by the 
phagolysozyme of the host macrophages during replicative and dormant periods. The 
expression patterns of genes involved in genome maintenance are therefore essential 
for the intracellular survival of Mtb in this hostile environment.  

The characterization of the Mtb replication, recombination and repair (3R) 
profile is in its infancy and mostly based on sequence homology searches. In this 
study, we address the DNA repair profile in Mtb and functional analysis of selected 
base excision repair components. The base excision repair (BER) pathway plays a 
prime role in the defense against mutations. DNA glycosylases perform the first 
enzymatic step in this pathway. We have cloned, over-expressed and purified the Mtb 
DNA glycosylases mutY and four fpg/nei. The enzymes exhibited typical substrate 
specificities. The tandem repeat motifs present upstream of Mtb-fpg-1 were analyzed 
in Mtb complex strains. Varying levels of Mtb-fpg1 expression in Mtb strains 
correlated with repeat region length. The presence of tandem repeat motifs only in 
species belonging to the Mtb complex suggests a putative role for this repetitive unit.  

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

The elucidation of the structure–function relationship of 3R components is 
fundamental for the understanding of Mtb genome maintenance. We are investigating 
the significance of 3R components for the fitness and survival of Mtb using various 
bioinformatics, biochemical and genetic approaches. In turn, these studies will lead to 
improved understanding on mycobacterial genome (in)stability, 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 Producción Vegetal y Microbiología,  

Universidad Miguel Hernández, San Juan de Alicante, Alicante, Spain

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” 

(AltDE) 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 AltDE 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 
thermophilus HB27 

Kathrin Bettermann and Beate Averhoff
Molecular Microbiology & Bioenergetics, Institute of Molecular Biosciences, Goethe University 
Frankfurt/Main, Germany 

Thermus thermophilus HB27 is known for its extremely high competence for natural transformation. 
DNA transport across the cell wall is mediated by the DNA translocator that is made by pilin-like 
subunits. The pilins assemble into a macromolecular structure that presumably spans the outer 
membrane, the periplasm and is anchored into the cytoplasmic membrane. Genetic analyses revealed 
an unusual multiplicity of genes encoding pilin-like proteins that are involved in DNA uptake in T. 
thermophilus. These genes, pilA1, pilA2, pilA3 and pilA4, together with comZ, encoding a non-
conserved protein involved in DNA transport are organized in a gene cluster. Deletion of pilA1, pilA2
and pilA3 resulted in a transformation-defect phenotype. The wildtype piliation phenotype of this 
mutant was unaffected. Defined pilA1, pilA2 or pilA3 mutants exhibited an analogous transformation 
defect and piliation wildtype phenotype, whereas a defined pilA4 mutant was non-transformable and 
non-piliated. Western blot analyses revealed that PilA3 is exclusively localized in the inner membrane
whereas PilA4 is present in the inner and outer membrane. Taken together, these data indicate that 
PilA1, PilA2, PilA3 and PilA4 are individually essential for DNA uptake in T. thermophilus. Their 
function as structural elements and potential DNA binding proteins and their growth phase-dependent 
regulation are discussed. 



Replication slippage driven by Pyrococcus abyssi DNA polymerases 

Melissa Castillo1, Ghislaine Henneke2, Inmaculada de la Viuda1, Elisabeth Tamayo1, Enrique 
Viguera1. 
1 Genetics Department. University of Malaga. 29071 Malaga, Spain  
2  IFREMER, UMR 6197. Laboratoire de Microbiologie et Environnements Extrêmes. 29280 
Plouzané, France�

DNA repeated sequences known as microsatellites have been shown to exhibit a high instability 
in both prokaryotes and eukaryotes, consisting in the expansion or deletion of repeated units. We 
have previously demonstrated that either mesophilic or thermophilic DNA polymerases generate 
DNA repeat deletions in vitro by a replication slippage mechanism. We have analyzed the fidelity 
in terms of slippage of the Pyrococcus abyssi (Pab) DNA polymerases PabpolB and PabpolD 
and the role of PabPCNA on the generation of slippage errors. The experimental system consists 
on a primer extension reaction on a single stranded DNA template containing a hairpin structure 
flanked by direct repeats. DNA polymerase slippage in this system generates a heteroduplex 
molecule in which the newly synthesized strand lacks one direct repeat and the 2-kb hairpin 
structure. Both PabpolB and PabpolD, as well as its exo- forms slip in vitro at all the enzyme 
concentrations tested. We have also characterized the role of PabPCNA on the fidelity of 
PabpolB and PabpolD DNA polymerases at repeated sequences. PabPCNA is able to stimulate 
the production of parental molecules of PabpolB, as fully replicated molecules are found when 
PabPCNA is added to the reaction. However, we have not detected any effect of PabPCNA in the 
slippage produced by PabpolD. Accordingly to previous results, PabPCNA stimulates the strand 
displacement activity of Pab DNA polymerases. These results can be interpreted as that the 
induction of the strand displacement of PabpolB by PabPCNA allows the polymerase to enter 
through the hairpin, thus replicating the DNA-containing repeats without error. The results 
obtained could provide an insight of the mechanism of replication slippage and also of how the 
replisome proteins in Archaea interact to maintain its genome integrity.  



A mutation rate switch might be selectable 

Alejandro Couce1 & Jesús Blázquez1 

1Centro Nacional de Biotecnología (CNB-CSIC), 28049 Madrid, Spain. 

To date, theoretical and experimental research establishes that the optimal mutation rate will 
depend on the degree of adaptation to a particular environment. The evolution of high mutation 
rates is expected to occur under missadapted conditions, meanwhile selection for lower 
mutation rates is expected as the population approaches the adaptive peak.  

However, this conceptual pattern will be restricted by many biological constrictions, i.e. the 
availability of genes or genetic systems that could randomly vary the mutation rate. Here we 
hypothesize that if there is an effective limitation of the mutation rate of the mutation rate, any 
system capable of releasing this constraint would be selected due to its contribution to the 
success of the lineages bearing it. We explore here, by means of analytical and simulation 
models, the reliability of this phenomenon that could be understood as a kind of 3rd order 
selection. We also present a synthetic biology tool for checking if such a mutator switch system 
could be selectable in experimental populations of bacteria. Finally, we discuss what type of 
genetical appearance would have this kind of switches.  

Our results will encourage experimental research on the role of elements such as transcription 
factors, plasmids or viruses in the evolution of mutation rates in bacteria. 



Genome organization by the nucleoid-associated protein H-NS 

Remus T. Dame1, Maarten C. Noom1, William W. Navarre2, Taku Oshima3, Paul A. Wiggins4

and Gijs J.L. Wuite1

1 Department of Physics and Astronomy and Laser Center, Vrije Universiteit, De Boelelaan 1081, 
1081 HV, Amsterdam, The Netherlands 
2 Department of Medical Genetics and Microbiology, University of Toronto, Toronto, Ontario, 
M5S 1A8, Canada 
3 Graduate School of Information Science, Nara Institute of Science and Technology, 8916-5 
Takayama, Ikoma, Nara, Japan 
4Whitehead Institute for Biomedical Research, 9 Cambridge Center, Cambridge, Massachusetts 
02142, USA 

The bacterial genome is folded and compacted into a body referred to as the nucleoid due to the 
activity of nucleoid-associated proteins (NAP’s). As a consequence of their role in global genome 
organization these proteins also act as pleiotropic regulators of transcription. One of the key 
players in these processes is H-NS. This is an abundant, multimeric protein with a binding 
preference for A/T rich regions along the genome. Its binding to these regions is associated with 
transcriptional silencing and has been suggested to be a mechanism to specifically target and 
silence newly acquired foreign DNA and protect the host against its potentially harmful effects. 

A lot of progress in the understanding of H-NS action has been booked in recent years. 
Our main aim has been to establish the structure, kinetics, mode of binding and the role of H-NS 
in global genome organization. To this purpose we used a combination of scanning force 
microscopy imaging, single-molecule micromanipulation and theoretical modeling of H-NS-
DNA complexes. Initially, we demonstrated that H-NS organizes DNA by bridging two DNA 
duplexes and put forward evidence that this mode of binding is also key to the role of H-NS as 
repressor. In recent follow up studies, we showed that H-NS acts as a dimer, that H-NS dimers 
are stacked side-by-side between bridged duplexes and determined the exact dimensions of the 
dimer. Moreover, we determined the binding kinetics of individual H-NS dimers and the forces 
required to open up H-NS-bridged regions. Finally, combining the in vitro structural observations 
and in vivo ChIP-on-chip data for binding of H-NS along the genome, we can now explain the 
higher order organization of the genome in the long known topologically isolated domains. 



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

Vegard Eldholm1, Ola Johnsborg1, Kristine Haugen1, Hilde Solheim Ohnstad1 and Leiv Sigve 
Håvarstein1 

1 Norwegian University of Life Sciences, Department of Chemistry, Biotechnology and Food 
Science, Ås, Norway 

Streptococcus pneumoniae causes 1-2 million deaths per year, most of which occur in 
developing countries. S. pneumoniae is a naturally transformable bacterium able to take up 
naked DNA from the surroundings. It has been established that gene exchange by this 
mechanism has contributed significantly to the increasing incidence of penicillin-resistant S. 
pneumoniae worldwide, a development that constitutes a major threat to public health. Recently, 
we reported that a predatory mechanism dramatically increases the efficiency of lateral gene 
transfer in S. pneumoniae and related commensal species. Here we present results showing that 
the cysteine protease CbpD alone can kill and lyse target cells. However, the effect of CbpD is 
strongly amplified by the action of LytC and LytA, whose activity is directly or indirectly 
triggered by CbpD. 

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

By his-tagging the proteins we found that some of the CbpD is present in the 
supernatant, but most is bound to teichoic acid choline. Surprisingly, LytC was found to be 
present in copious amounts in the supernatant regardless of choline-elution. LytA could only be 
detected within the cell. 



Lateral gene transfer between S. pneumoniae and other mitis group 

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

Ola Johnsborg, Vegard Eldholm, Martha Bjørnstad, Leiv S. Håvarstein. 

Norwegian University of Life Sciences, Ås, Norway. 

Pneumococci acquire penicillin-resistance determinants from commensal relatives such as 

Streptococcus mitis and Streptococcus oralis by natural genetic transformation. Bacteria 

possessing this mechanism take up naked exogenous DNA and incorporate it into their 

genomes by homologous recombination. Traditionally, bacteria that have died and fallen apart 

from natural causes have been considered to be the sole source of donor-DNA for competent 

pneumococci. Here we describe a mechanism for active acquisition of homologous DNA that 

dramatically increases the efficiency of gene exchange between and within the streptococcal 

species mentioned above. This mechanism gives competent streptococci access to a common 

gene pool that is significantly larger than their own genomes, a property representing a 

considerable advantage to these bacteria when they are subjected to external selection 

pressures such as treatment with antibiotics.  



Replication slippage driven by Pyrococcus abyssi DNA polymerases 

Castillo Lizardo, M.G1., Henneke, G2., Viguera, E1. 
1 Genetics Department. University of Malaga. 29071 Malaga, Spain  
2 IFREMER, UMR 6197. Laboratoire de Microbiologie et Environnements Extrêmes. 29280 
Plouzané, France�

DNA repeated sequences known as microsatellites have been shown to exhibit a high 
instability in both prokaryotes and eukaryotes consisting in the expansion or deletion of 
repeated units. We have previously demonstrated that either mesophilic or thermophilic DNA 
polymerases generate DNA repeat deletions in vitro by a replication slippage mechanism. We 
have analyzed the fidelity in terms of slippage of the Pyrococcus abyssi (Pab) DNA 
polymerases PabpolB and PabpolD and the role of PabPCNA  on the generation of slippage 
errors. The experimental system consists on a primer extension reaction on a single stranded 
DNA template containing a hairpin structure flanked by direct repeats. DNA polymerase 
slippage in this system generates a heteroduplex molecule in which the newly synthesized 
strand lacks one direct repeat and the 2-kb hairpin structure. Both PabpolB and PabpolD, as 
well as its exo- forms slip in vitro at all the enzyme concentrations tested. We have also 
characterized the role of PabPCNA on the fidelity of PabpolB and PabpolD DNA 
polymerases at repeated sequences.  PabPCNA is able to stimulate the production of parental 
molecules of PabpolB, as fully replicated molecules are found when PabPCNA is added to 
the reaction. However, we have not detected any effect of PabPCNA in the slippage produced 
by PabpolD. Accordingly to previous results, PabPCNA stimulates the strand displacement 
activity of Pab DNA polymerases. These results can be interpreted as that the induction of the 
strand displacement of PabpolB by PabPCNA allows the polymerase to enter through the 
hairpin, thus replicating the DNA-containing repeats without error. The results obtained could 
provide an insight of the mechanism of replication slippage and also of how the replisome 
proteins in Archaea interact to maintain its genome integrity.  



Two SOS inducer antibiotics, ciprofloxacin and ceft azidime, 

promote recombination of homologous DNA sequences i n 

Pseudomonas aeruginosa.   

Elena López 1, Antonio Oliver 2 and Jesus Blázquez 1

1Departamento de Biotecnología Microbiana, Centro Nacional de Biotecnología-
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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 II 

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 pneumoniae: mechanism of bacterial invasion across 
mucosal epithelium

Anna Lång1, Espen Bækkevold1,2, Peter Gaustad3, Sven Hammerschmidt4, and Finn-Eirik 
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The Gram-positive bacterium Streptococcus pneumoniae is the most common cause of death 
due to infectious diseases in industrialized countries accounting for a majority of all 
pneumonia and meningitis cases. The nasopharynx of healthy individuals may be colonized 
by pneumococci of several different serotypes simultaneously, thus constituting a pathogen 
reservoir which may promote invasive pneumococcal infection in susceptible individuals. The 
bacteria adhere to epithelial cells using various protein-protein interactions and cell-specific 
mechanisms for internalization.  

The interaction between pneumococcal surface protein C (PspC, a.k.a. CbpA or SpsA) and 
the polymeric Ig receptor (pIgR), expressed on human mucosal epithelial cells, may facilitate 
adherence of pneumococci and cellular uptake by utilizing the normal apical recycling of the 
pIgR. We hypothesize that the pIgR-PspC interaction contributes significantly to S. 
pneumoniae infection and invasion.  
Infections of different epithelial cell lines with wild type and a � pspC mutant S. pneumoniae
(serotype 35A) were performed. Wild type S. pneumoniae, but not the � pspC mutant, infected 
MDCK cells transfected with human pIgR more efficiently than untransfected MDCK cells. 
Invasion of the pIgR-positive human lung epithelial cell line Calu-3 was higher than invasion 
of human pIgR-transfected and untransfected MDCK cells. Invasion of Calu-3 cells was 
inhibited by PspC antiserum. Moreover, leupeptin, which inhibits cleavage of the pIgR at the 
apical membrane and thus increases apical recycling of the receptor, caused an increase in 
invasion of Calu-3 cells. Thus, modulation of either PspC or pIgR affected the uptake of S. 
pneumoniae by human epithelial cells. 

Staining for intracellular markers in cells infected with S. pneumoniae, may answer the 
question of what route the bacteria take inside the epithelial cells to cross the epithelial barrier 
and disseminate into the human body. 
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N. meningitidis is, together with Streptococcus pneumoniae, currently the main cause of 
septicaemia and meningitis worldwide. N. meningitidis, the meningococcus, is a human-
specific pathogen colonizing the oropharynx of healthy individuals. Asymptomatic carriage is 
common and disease development most often occurs in small children and adolescents. 
Transformation is the predominant form of horizontal gene transfer in the meningococcus. 
The transformation process is dependent on the presence of the neisserial DNA uptake 
sequence (DUS), type IV pilus expression and RecA-dependent homologous recombination. 
The uptake of DNA into the meningococcal cell can be dissected into several steps including 
crossing of the outer and inner membranes and genome incorporation. However, little is 
known about how transforming DNA is taken up. Interestingly, a number of pilus biogenesis 
components required for transformation, including the inner membrane protein PilG, have 
been identified and it is still a conundrum whether the effect of pilus components on 
transformation is of a direct or only an indirect nature. We hypothesize that meningococcal 
transformation is coupled to pilus retraction and that exogenous DNA is taken up through 
non-specific attachment to retracting pili, while other DNA binding components such as the 
outer membrane protein PilQ promote further entry of DNA into the meningococcal cell. In 
order to further understand how DNA is transported into the meningococcal cell, we searched 
for novel DNA binding proteins within the inner membrane of N. meningitidis.  
 Inner membrane proteins from a representative panel of meningococcal strains were 
isolated using detergent solubilization and differential centrifugation. Solid phase overlay 
assay and mass spectrometry were performed in order to identify DNA binding proteins. The 
DNA binding activity was verified through null mutant construction and phenotypic 
characterization with focus on colony morphology, pilus expression, competence for 
transformation and DNA binding/uptake. A number of DNA binding components were 
identified, including PilG, PilM, PilN, PilO, ComL and FtsE. The DNA binding activity of all 
components identified was DUS-independent. The PilG DNA binding domain was located in 
its N-teminal part. The exact location of DNA-protein interaction was mapped by PilG sub-
cloning, protein expression and DNA binding assays. Our ultimate goal is to elucidate the 
function of PilG as well as other DNA binding components identified in neisserial 
transformation. 
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Abstract 

Hypermutable Pseudomonas aeruginosa strains (hypermutators), characterized by 

increased spontaneous mutation rate, have been found at high frequencies in chronic 

lung infections. The presence of hypermutators has been linked with high antibiotic 

resistance rates in P. aeruginosa strains. Molecular basis of hypermutability is generally 

associated with the loss of antimutator genes, related to DNA-damage repair or 

avoidance systems. Only a few antimutator genes have been already described in P. 

aeruginosa, although evidence indicates that additional genes should be involved in 

naturally-occurring hypermutability. In order to find new antimutator genes we have 

constructed a library of random insertions in the strain PAO1. This library was screened 

for mutants with increased mutation frequency. Seven different antimutator genes were 

detected, including all the previously described inP. aeruginosa. One of them contained 

an insertion in the P. aeruginosa orthologous of the E. coli antimutator ung gene,

putatively encoding an uracil-DNA glycosylase. Most importantly, we have found that 

the P. aeruginosa gene PA0355, putatively encoding a member of the DJ-1/ThiJ/Pfp1 

superfamily which includes chaperones, peptidases, and the Parkinson's disease protein 

DJ-1a, is an antimutator gene. The pfp1 mutant shows a higher spontaneous mutation 

rate than the wild-type, both in PAO1 and PA14 strains, suggesting that PfpI protein 

plays a key role in DNA protection also under non-stress conditions. A P. aeruginosa

PA14 pfp1 mutant is more sensitive to oxidative stress, heat and osmotic pressure, 

indicating a general anti-stress function. Consequently with all the described effects, 

this mutant also showed virulence disadvantages. In addition to the importance of the 

pfpI gene in P. aeruginosa and other bacteria, the results here presented may provide 

new insights to understand the role of this family of proteins on human diseases like 

Parkinson.  



Dissecting the role of nucleotide excision repair in mutational processes 
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Nucleotide excision repair (NER) is one of the most important repair systems in bacteria. NER 
is known to remove bulk damage in DNA induced by chemicals and irradiation. Less is known 
about the functions of NER in conditions where bacteria are not directly exposed to exogenous 
DNA-damaging agents.  
Our studies are dedicated to understanding the role of NER in spontaneous mutagenesis in 
Pseudomonas putida. P. putida is a member of one of the most prominent groups of bacteria 
able to colonize various ecological niches including soil, plants and animals. Pseudomonades 
live in a constantly changing environment; therefore fast adaptation is essential for their 
survival. Adaptation can be achieved randomly through mutations in the genome, caused by 
error-prone DNA synthesis or non-effective DNA repair. 
Recently, we have shown the importance of the P. putida NER system in the induction of 
spontaneous mutations. As NER becomes a significant ´source of mutations´ under conditions 
of carbon starvation, this repair system can be considered to be an important source of stationary 
phase or adaptive mutations. Whether the mutations arise due to errors during repair synthesis 
or result from the involvement of NER proteins in other pathways is a matter of debate. 
In vivo studies revealed that the occurrence of spontaneous mutations in P. putida is also 
enhanced by the action of UvrA2 – the paralogue of the NER damage recognition protein UvrA. 
In vitro experiments, however, do not point at the direct participation of P. putida UvrA2 in 
NER. Although the DNA binding properties of both proteins are similar, UvrA2 is incapable of 
replacing UvrA in the repair reaction. Still, it can not be ruled out that UvrA2 can behave as a 
secondary damage recognition factor and facilitate recognition of a broader spectrum of DNA 
damages either by UvrA:UvrA2 heterodimer formation or by binding to DNA and recruiting 
´classical´ NER proteins. Further experiments to test this hypothesis and to clarify the 
mechanistic role of UvrA2 proteins in NER (and possibly in other systems) are currently 
underway. Our research may thus yield insights into new details of NER as well as into the 
mechanisms by which NER proteins facilitate the occurrence of spontaneous mutations. 



Genome dynamics in Bacillus cereus – Bacillus anthracis – Bacillus thuringiensis
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TheBacillus cereus group of bacteria has been a target for sequencing projects worldwide, 
and the genomic sequence of 29 strains are now available for analysis in the public databases. 
TheB. cereus group includes very closely related species with high degree of gene synteny in 
the chromosomes. B. cereus is known as an opportunistic human pathogen, while B. anthracis 
and B. thuringiensis are toxic to mammals or insect larvae respectively, due to toxic genes 
present on large extrachromosomal plasmids. 

We have performed comparative analysis of the sequenced strains to identify elements that 
might be of importance for the genome dynamics in this group of bacteria. Our results 
include: 

1. All strains contain a number of DNA repeat families apparently unique to this group, 
in addition to repeats also found in other Bacillus species. The repeats are either found 
dispersed in different locations within the genomes, or they are found in identical 
locations in each genome. The number of repeats of each class is not conserved, and 
their function(s) are not known. 

2. Strains contain a varying number of introns, including group II introns with an extra, 
novel domain in the intron structure in some of the strains. The introns have been 
shown to be active and able to splice out of the RNA transcripts. 

3. The presence of IStrons, which are composite elements consisting of an intron and a 
mobile insertion sequence (IS) element, has been identified in most strains. The 
IStrons have been shown to splice as single units and their genomic distribution is 
highly variable among the strains.

Further work in our laboratory is focusing on elucidating the function of selected repeated 
elements, as well as the mechanisms of intron and IStron splicing and/or mobility.   
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Introduction: Helicobacter pylori colonize the human gastric ventricle and this chronic 
infection can give rise to ulcer disease or gastric cancer. The outer membrane phospholipase A 
(OMPLA) degrades bacterial phospholipids to lysophospholipids resulting in release of several 
putative virulence factors. The aim of this study is to analyze sequence conservation at both 
DNA and protein level and relate the results to a modeled structure of H. pylori OMPLA.  

Method:  200 pldA/OMPLA sequences were aligned using ClustalW and imported into Entropy 
Calculator 3.3.1 to identify the high-variability regions. Envision was used to calculate amino 
acid composition, as well as analyzing the sequences with regard to a homology modeled 
OMPLA structure.   

Results & Discussion: The alignments showed a high conservation rate with an average 
sequence identity score of 97 % at DNA level and 98 % at protein level. This indicates slightly 
less variability at protein level. At DNA level, the high-entropy spikes were scattered 
throughout the sequence plot. However, at protein level the variable regions are concentrated in 
the predicted signal peptide, as well as in the first N-terminal loop of the OMPLA structure. The 
C-terminal end of the protein-alignment is highly conserved. H. pylori OMPLA sequences are 
composed of 50.14-51.83 % hydrophobic residues, 29.9-31.8 % polar residues and 29.9-31.8 % 
charged residues. The small variations observed in amino acid compostion imply minor 
discrepancies among the 200 H. pylori isolates. These results reflect the importance of OMPLA 
activity in this bacterium. 
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Mycobacterium tuberculosis complex species display 99.9% nucleotide sequence identity. 
To study the evolutionary history of such monomorphic bacteria is a difficult task. We found that 
single-nucleotide polymorphism (SNP) analysis of DNA repair, recombination and replication 
(3R) genes yielded surprisingly high levels of polymorphism, making it possible to distinguish 
between 80% of clinical isolates. We suggest that this large number of potentially deleterious 
polymorphisms, reflecting general negative/purifying selection acting on these sets of genes, may 
lead to suboptimal 3R system activity. This situation may serve as a starting point for the 
evolution of antibiotic resistance and pathogenicity, possibly conferring a selective advantage in 
certain stressful situations. These findings suggest that 3R genes may play an important role in 
the evolution of highly clonal bacteria, such as M. tuberculosis. It should facilitate new 
epidemiological studies of these bacteria, through the development of high-resolution tools. With 
many more microbial genomes being sequenced, our results open a door for 3R gene-based 
studies on adaptation and evolution of other highly clonal bacteria.
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