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Welcome to the CIG symposium 2009 
 
 
The organizing committee warmly welcomes you to the 3rd CIG symposium in the 
Génopode building of the University of Lausanne ! 
 
The first CIG symposium, held in October 2005 and titled “Genomics, a new road for 
science and society”, corresponded to the CIG inaugural symposium. The second 
CIG symposium was held in June 2008 on the topic “Metabolism and Cancer”. The 
big success of these first two events convinced CIG members to organize CIG 
symposia on a yearly basis, on a few broad rotating topics. Thus, we are holding now 
the third CIG symposium on “DNA repair and Human Health”. 
 
With the CIG symposia, we aim at bringing together leading scientists from 
Switzerland, Europe, and the world in a particular field of interest to researchers at 
the CIG so as to promote interactions between senior and junior scientists, in 
particular graduate students and post-doctoral fellows. We also aim at fostering 
exchanges between scientists using different approaches to study the same central 
question. 
 
We thank the outstanding spekers who have accepted to participate in this year’s 
symposium on DNA repair and Human Health, and who so contribute to establishing 
a tradition of excellence for CIG symposia. We wish you all an excellent time and 
many fruitful interactions, and we look forward to seeing you at the next CIG 
symposium on “Sensing the Environment”, which will be held on June 16th and 17th 
2010. 
 
The organizers, 
 
 
 
 

  
Nouria Hernandez Liliane Michalik 

  

 
 

Winship Herr Andrzej Stasiak 
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Program overview 

 

CIG Symposium 2009 
DNA Repair and Human Health 

Lausanne, June 10 and 11  
June 10, 2009, Morning                                                              Chair: Andrzej Stasiak 

8:50-9:00 
Nouria Hernandez 
CIG, University of Lausanne, Switzerland 
Welcoming remarks 

9:00-9:50 
Philip C. Hanawalt 
Stanford University, USA 
Multiple mechanisms for genomic maintenance 

9:50-10:30 
Edward Egelman 
University of Virginia, USA 
Nucleoprotein complexes: from DNA segregation to recombination 

10:30-11:00 Coffee break + Poster installation 

11:00-11:40 
Marco Foiani 
Instituto FIRC di Oncologia Molecolare, Milano, Italy 
Mechanisms protecting the integrity of replicating chromosomes 

11:40-12:00 

Selected talk from the submitted abstracts 
Barbara van Loon 
University of Zurich, Switzerland  
A novel DNA repair pathway to prevent C:G to A:T transversion 
mutations after oxidative damage 

12:00-12:40 
Josef Jiricny 
Institute of Molecular Cancer Research, University of Zurich, Switzerland 
Interference of base- and mismatch repair in somatic hypermutation 

12:40-13:30 Buffet Lunch 
13:30-14:30 POSTER SESSION 
June 10, 2009, Afternoon                                                   Chair: Liliane Michalik 

14:30-15:10 
Maria Jasin 
Memorial Sloan-Kettering Cancer Center, New York, USA 
Repair of chromosome breaks and human disease 

15:10-15:30 

Selected talk from the submitted abstracts  
Vincent Dion 
Friedrich Miescher Institute, Basel, Switzerland 
The mobility of spontaneous and DNA damage induced Rad52 foci 

15:30-16:10 

Thanos Halazonetis 
University of Geneva, Switzerland 
Mechanisms of recruitment of DNA damage response proteins to 
sites of DNA breaks 

16:10-16:40 Coffee break 

16:40-17:20 

Joachim Lingner 
EPFL, Lausanne, Switzerland 
Telomeres and telomerase: RNA-dependent machines at 
chromosome ends 

17:20-18:00 
Marìa A. Blasco 
Spanish National Cancer Research Centre, Madrid, Spain  
Role of telomeres in cancer and aging 

18:00-19:00 Apéro & POSTER SESSION 
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CIG Symposium 2009 
DNA Repair and Human Health 

Lausanne, June 10 and 11 
 

June 11, 2009                                                                                   Chair: Winship Herr 

9:00-9:40 
Angelos Constantinou 
University of Lausanne, Switzerland 
FANCM ensures the progression of replication forks 

9:40-10:00 

Selected talk from the submitted abstracts  
Hélène Gaillard 
University of Seville, Spain 
Genome-Wide Analysis of Factors Affecting Transcription Elongation 
and DNA Repair: a New Role for PAF and Ccr4-Not in Transcription-
Coupled Repair 

10:00-10:40 

Lee Zou 
Massachusetts General Hospital, Charlestown, USA 
Sensing and signaling of DNA damage by the checkpoint kinases 
ATR and ATM 

10:40-11:10 Coffee break + POSTERS 

11:10-11:50 
Errol C. Friedberg 
UT Southwestern Medical Center at Dallas, USA 
Tolerance of DNA damage by translesion DNA synthesis 

11:50-12:10 

Selected talk from the submitted abstracts  
Peter Droge 
Nanyang Technological University, Singapore 
HMGA2 exhibits dRP/AP site cleavage activity and protects cancer 
cells from DNA-damage-induced cytotoxicity during chemotherapy 

12:10-12:50 

Jan H. Hoeijmakers 
Center for Biomedical Genetics, Erasmus University, Rotterdam, The 
Netherlands 
DNA damage problem in the context of cancer, aging and longevity 

12:50-13:00 Closing remarks 

 
 
 
NB : Dr Leona D. Samson was initially scheduled to be a speaker at the CIG symposium 2009, 
but an important event prevented her to come to the conference. 
 
 
 

Poster sessions 
People presenting posters are requested to put them up as soon as possible, following the poster 
numbering (see section "posters abstracts"). Their presence is expected from 13:30 to 14:30 
on June 10 (even numbers) and from 18:00 to 19:00 on June 10 (uneven numbers). 
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General information 
Conference venue 
Center for Integrative Genomics (level 2 – Auditorium C) 
University of Lausanne 
Génopode Building 
UNIL-Sorge 
CH – 1015 Lausanne 

Conference contact 
Corinne Dentan, conference secretary, in the CIG direction office, Génopode level 2, phone : 021 
692 39 00 
If necessary, Nicole Vouilloz, CIG Assistant Director, phone 021 692 39 03, mobile phone : 079 
638 57 70 

Poster sessions 
People presenting posters are requested to put them up as soon as possible, following the poster 
numbering (see section "posters abstracts"). Their presence is expected from 13:30 to 14:30 
on June 10 (even numbers) and from 18:00 to 19:00 on June 10 (uneven numbers). 

Certificates of attendance 
Certificates of attendance will be available on request (corinne.dentan@unil.ch) and will be sent 
by regular mail after the symposium. 

Lunch 
A standing lunch will be served in the Génopode next to the posters on June 10. 

Evening meal/activity 
Nothing is formally organized, but we suggest i.e. "Les Brasseurs", Rue Centrale 4, Lausanne, 
(see : http://www.les-brasseurs.ch/e/lausanne/index.htm) 

Internet and phones 
Free WiFi access in the Génopode building : activate Airport and choose 'forum-unil'. 
Free access to internet : you will find in the Génopode hall 4 computers with free access to 
internet (no possibility to access attachments). 
Telephone calls can be made from the pay phone located near the toilets on the same floor of the 
Auditorium C in the Génopode building. Cards can be purchased at the tobacconist's or 
newspaper kiosks. 

Medical and dental emergencies 
Vidy Med 
Route de Chavannes 11 
1007 Lausanne 
Phone : 021 622 88 88 
Open from 07.00 to 23.00 

Adent Clinique médico-dentaire du Croset SA 
Chemin du Croset 7 
1024 Ecublens 
Emergency 7j/7 phone : 0800 101 800 
Open from 07.00 to 21.00 

Useful links 
Lausanne Public Transport Website http://www.t-l.ch/ 
'Lausanne Roule' Free Bike Rental http://www.lausanneroule.ch/english/english.htm 
Lausanne-Tourisme Website http://www.lausanne-

tourisme.ch/UploadedAsp/26958/2/F/HPLT.asp?Check=Tru
e&Language=F 

Lausanne.ch Website http://www.lausanne.ch/UploadedAsp/25946/25/F/HPIE.asp
?Check=True&Language=F 
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Map of the campus 
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Symposia abstracts : oral presentations 
 

Multiple mechanisms for genomic maintenance 
 
Philip C. Hanawalt 
Department of Biology, Stanford University, Stanford, CA 94306-5020, USA 
 
Replication and maintenance of the genome are absolute requirements for life. 
Proliferating cells must duplicate DNA with astonishing precision in the face of a barrage of 
endogenous and environmental genotoxic threats. Some types of DNA damage are more 
serious than others; one unrepaired double-strand break (DSB) is sufficient to preclude the 
generation of viable daughter cells. A compounded threat arises when a replication fork 
encounters an arrested transcription complex at a lesion in the DNA. Naturally occurring 
non-canonical DNA structures can also pose a challenge to both transcription and 
replication. 
Although some lesions can be directly reversed without incising the phosphodiester DNA 
backbone, most damage is nullified through excision repair, an error correcting process in 
which the faulty segment of a DNA strand is replaced by repair replication, using the 
complementary undamaged strand as template. Categories of excision repair include 
nucleotide excision repair for structurally distorting lesions, base excision repair for 
inappropriate or altered bases, and mismatch repair to correct errors during replication. A 
dedicated pathway of transcription-coupled repair (TCR) facilitates removal of transcription 
blocking lesions, which otherwise may trigger apoptosis. Human hereditary diseases that 
present a deficiency only in TCR are characterized by sunlight sensitivity but no cancer. 
Multiple gene products are implicated but we lack knowledge of the precise signals for 
TCR. Futile cycles of TCR at naturally occurring non-canonical DNA structures might 
contribute to genomic instability and genetic disease.  
Double-strand breaks and interstrand crosslinks generally require recombinational modes 
in addition to excision repair for their resolution. Multiple DNA polymerases in human cells 
are able to achieve translesion synthesis over particular types of lesions, thereby 
promoting survival but often with mutagenic consequences. 
Of current clinical interest is the role of poly-ADP ribose polymerase (PARP) in genomic 
stability. Upon binding single strand breaks PARP forms branched chains of ADP-ribose 
on itself until the negative charge build-up expels it from the DNA. Human tumors deficient 
in breast cancer predisposition genes, BRCA1 and/or BRCA2, which are required for DSB 
repair, are remarkably sensitive to PARP inhibitors used in chemotherapy. We suggest that 
PARP transiently protects single strand breaks that would otherwise be converted to lethal 
double strand breaks when encountered by advancing replication forks.  
References: Hanawalt PC, Spivak G. Nature Reviews Molecular Cell Biology 9:958-970 
(2008); Spivak G, Hanawalt PC. DNA Repair 5:13-22 (2006); Hanawalt PC. Molecular Cell 
28:702-707 (2007); Nardo T. et al. Proc.Natl.Acad.Sci.USA 106:6209-6214 (2009); 
Belotserkovskii et al. Molecular Carcinogenesis 48:299-308 (2009). 

Nucleoprotein complexes: from DNA segregation to recombination 
 
Edward Egelman  
Dept. of Biochemistry and Molecular Genetics, University of Virginia, 
Charlottesville, VA 22908-0733, USA 
 
All aspects of DNA replication, segregation, recombination, repair and 
transcription are carried out by protein complexes. Analyses of sequences 
and structures have revealed a highly modular architecture in many of these 
complexes, where structurally conserved domains are mixed and matched to 
create many new functions. The high degree of structural conservation that 
we can see in some of these domains, such as the RecA ATP-binding core, 
tells us much more about the common evolutionary origin of this domain than 
about its function in any given complex. Just as the human arm, the dolphin’s 
flipper and the bat’s wing all have homologous structures, their functions 
have diverged so greatly as to have little similarity. Structural studies of 
nucleoprotein complexes have highlighted the functional divergence of some 
of these domains. Examples from the RecA/RadA/Rad51 family of proteins 
will be used, as well as from proteins involved in the proper segregation of 
bacterial plasmids. 
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Topological transitions at replicating chromosomes 
 
Marco Foiani 
FIRC Institute of Molecular Oncology Foundation & University of Milan, Via 
Adamello 16, 20139 Milan, Italy 
 
Replication fork progression must be controlled to preserve the integrity of 
the replisome–fork complexes at pausing sites, to coordinate replicon fusion 
at termination of DNA synthesis and to deal with the collision between 
transcription and replication. 
Specialized regulatory processes mediated by checkpoint kinases and DNA 
topoisomerases play crucial roles in mediating forks progression and stability 
during unperturbed DNA synthesis and in response to replication stress. 
We have used genomic approaches to identify chromosome replication-risk 
zones (CRZs) where replication forks pause, terminate or encounter 
transcription. We have analyzed the contribution of the replication 
checkpoint, of different DNA topoisomerases and HMG proteins in preserving 
the integrity of CRZs during chromosome replication. We found that CRZs 
represent hot spots for aberrant chromosomal transitions and DNA breaks 
under pathological conditions. We will discuss how topological changes can 
assist the progression of replication forks. 
 
 

A novel DNA repair pathway to prevent C:G to A:T transversion 
mutations after oxidative damage 
 
Barbara van Loon 

University of Zurich, Institute of Veterinary Biochemistry and Molecular Biology, 
Winterthurerstrasse 190, 8057 Zurich, Switzerland 
 
The potentially mutagenic A:8-oxo-G mispair synthesized by the replicative DNA 
polymerases (pols) δ and ε escapes proofreading activity. The mismatch is 
recognized by the MutY glycosylase homologue (MUTYH) that removes the A, 
leaving the lesion on the template strand. The subsequent repair mechanism allowing 
the formation of C:8-oxo-G base pair remains to be clarified. We have recently shown 
that the BER enzyme DNA pol λ, together with the auxiliary proteins replication 
protein A (RP-A) and proliferating cell nuclear antigen (PCNA), has the unique ability 
among human DNA pols to efficiently incorporate a C opposite an 8-oxo-G, with error 
frequencies in the range of 10-3 (1, 2). In this work we identified the critical cellular 
components that specifically bind to DNA containing A:8-oxo-G mispairs and 
subsequently reconstituted a novel error-free pathway of 8-oxo-G. We showed 
specific binding of MUTYH, DNA pol λ, PCNA, FEN1 and DNA ligases I and III from 
human whole cell extracts to A:8-oxo-G DNA, but not to undamaged DNA. Based on 
this observation, we fully reconstituted a pathway for the repair of A:8-oxo-G mispairs. 
In a MUTYH and apurinic endonuclease 1 (APE1) initiated reaction, DNA pol λ in the 
presence of RP-A and PCNA incorporated dCTP opposite 8-oxo-G and added one 
nucleotide. The repair pathway was completed by FEN1 and DNA ligase I. These 
results identify a novel pathway, where a replication A:8-oxo-G mispair product is 
correctly repaired via MUTYH/DNA pol λ dependent long patch base excision repair.  
 
1. Maga, G., Villani, G., Crespan, E., Wimmer, U., Ferrari, E. Bertocci, B. and 
Hübscher, U.: Nature, 447, 606-609, 2007.  
2. Maga, G., Crespan, E., Wimmer, U., van Loon, B., Amoroso, A., Mondello, C., 
Ferrari, E., Belgiovine, C.,Villani, G., Hübscher, U.: Proc. Natl. Acad. Sci. USA, 105, 
20689-20694, 2008. 
 Supported by the Swiss National Science Foundation and the University of Zurich. 
 
Barbara van Loon and Ulrich Hubscher 

University of Zurich, Institute of Veterinary Biochemistry and Molecular Biology, 
Winterthurerstrasse 190, 8057 Zurich, Switzerland 
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Interference of base- and mismatch repair in somatic hypermutation 
 
Josef Jiricny 
Institute of Molecular Cancer Research, University of Zurich, 
Winterthurerstrasse 190, CH-8057 Zurich, Switzerland 
 
Somatic hypermutation of immunoglobulin genes is initiated by activation-
induced deaminase (AID), which converts cytosines downstream from 
transcription start sites in the immunoglobulin locus to uracils and thus gives 
rise to U/G mispairs. Incomplete uracil repair gives rise to mutations at C/G 
base pairs. However, a second class of mutations arises at A/T base pairs, 
which are genetically linked to the mismatch repair genes MSH2, MSH6 and 
EXO1, as well as to polymerase-η. We show that in substrates containing 
several U/G mispairs, uracil residues can act as initiation sites for a 
MSH2/MSH6 and EXO1-dependent strand displacement reaction, which can 
replace several hundred nucleotides of the uracil-containing strand. In the 
subset of cases where the strand displacement reaction is catalysed by the 
error-prone pol-η, mutations might arise at A/T base pairs. Our work provides 
the first mechanistic insight into the interplay of the base- and mismatch 
repair pathways in somatic hypermutation. 
 
 
 
 
 
 
 
 
 
 
 
Silvia Schanz, Dennis Castor, Franziska Fischer and Josef Jiricny 
Institute of Molecular Cancer Research, University of Zurich, 
Winterthurerstrasse 190, CH-8057 Zurich, Switzerland 
 

DNA double-strand break repair and genetic modification of human 
stem cells  
 
Maria Jasin 
Memorial Sloan-Kettering Cancer Center, New York, USA 
 
The precise genetic manipulation of stem and precursor cells offers 
extraordinary potential for the analysis, prevention, and treatment of human 
malignancies and for tissue regeneration.  Chromosomal translocations are 
hallmarks of several tumor types where they are thought to have arisen in 
stem or precursor cells. Although approaches exist to study factors involved 
in translocation formation in mouse cells, approaches in human cells have 
been lacking, especially in relevant cell types. The novel technology of zinc 
finger nucleases (ZFNs) allows DNA double-strand breaks (DSBs) to be 
introduced into specified chromosomal loci. We harnessed this technology to 
induce chromosomal translocations in human cells by generating concurrent 
DSBs at two endogenous loci, the PPP1R12C/p84 gene on chromosome 19 
and the IL2Rγ gene on the X chromosome. Translocation breakpoint 
junctions for t(19;X) were detected with nested quantitative PCR in a high 
throughput 96-well format using denaturation curves and DNA sequencing in 
a variety of human cell types, including embryonic stem (hES) cells and hES 
cell-derived mesenchymal precursor cells. Although readily detected, 
translocations in the mesenchymal cells were less frequent than repair of a 
single-DSB repair by gene targeting or nonhomologous end-joining. This 
novel approach, which requires neither genetic modification nor cell cloning, 
has the potential to interrogate both the underlying mechanisms and 
phenotypic consequences of genomic rearrangements in human multipotent 
and pluripotent cells. It also demonstrates the facility with which it is now 
possible to modify the genome of human stem cells. 
 
Erika Brunet1, Deniz Simsek1, Mark Tomishima1,2, Russell DeKelver3, Philip 
Gregory3, Fyodor Urnov3, David M. Weinstock4,5, and Maria Jasin1,6; 
1Developmental Biology Program and 2SKI Stem Cell Research Facility, 
4Department of Medicine, Memorial Sloan-Kettering Cancer Center, New 
York, NY, 3Sangamo BioSciences, Inc., Richmond, CA, 5Dana-Farber 
Cancer Institute, Boston, MA 
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The mobility of spontaneous and DNA damage induced Rad52 foci 
 
Vincent Dion 
Friedrich Miescher Institute, Basel, Switzerland 
 
A single DNA double strand break (DSB) can lead to cell death, genome 
rearrangements, or tumourigenesis if improperly repaired.  In budding yeast, 
DSBs are repaired mainly through homologous recombination, which 
requires a homologous template available for repair. An outstanding question 
in the field is how the search for homology is achieved. We are constructing 
a strain where we will be able to microscopically and genetically monitor 
homology search in live yeast cells. In the mean time, we studied the 
dynamic behaviour of Rad52-GFP foci using high precision live fluorescence 
microscopy. We find that spontaneous and DNA damage induced foci tend to 
localize away from the nuclear periphery. In addition, we measured mobility 
of spontaneous and MMS-induced Rad52-GFP foci and found that they 
move slower and are more constrained than an intact genomic locus. These 
data can be interpreted in two ways. First, it is possible that the breaks we 
observe have already invaded the nearby sister chromatid, forming a large 
structure that consequently moves more slowly. The second interpretation is 
that the break has a reduced mobility and therefore relies on the movement 
of the rest of the genome for homology search. Further experiments are 
needed to differentiate between these two possibilities. 
 
 
 
 
 
 
 
 
 
 
Vincent Dion, Véronique Kalck, Lutz Gehlen, Benjamin Towbin, Haico van 
Attikum, and Susan M. Gasser 
Friedrich Miescher Institute, Basel, Switzerland 
 

Functional and structural insights of proteins involved in the DNA damage and 
replication stress response 
 
Thanos D. Halazonetis 
Dept. of Molecular Biology and Dept. of Biochemistry, University of Geneva, Geneva, 
Switzerland 
 
Recent evidence suggests that DNA replication stress is a characteristic of most human 
cancers. Accordingly, we have been examining the function and structure of human 
proteins involved directly or indirectly in the cellular response to DNA replication stress. 
Two such proteins are RecQL4 and p53. 
 
RecQL4 is a member of the RecQ helicase family. The members of this family help 
maintain genomic integrity; germline mutations targeting BLM, WRN and RecQL4, all lead 
to cancer predisposition syndromes. In Xenopus, the N-terminus of RecQL4 is essential for 
initiation of DNA replication and might be the ortholog of the budding yeast DNA replication 
factor Sld2. However, it is not known if the function of the N-terminus of RecQL4 is 
conserved in humans. Further, the function of the helicase domain of human RecQL4 in 
replication initiation is unclear. We successfully disrupted the helicase (hel) domain of the 
human RecQL4 gene in the pre-B lymphocyte Nalm-6 cell line in order to elucidate the 
function of this gene in human cells. RecQL4 hel-/hel- cells showed sensitivity to DNA 
damage induced by IR and MMS. This sensitivity was not due to a checkpoint defect since 
we could not detect significant difference in Chk1 S317 or Chk2 S33/35 and T68 
phosphorylation after DNA damage between RecQL4 wild-type and hel-/hel- cells. We then 
examined whether RecQL4 was involved in replication restart after replication arrest 
induced by hydroxyurea (HU) or aphidicolin (Aph) and DNA damage induced by IR. By 
FACS analysis, we observed a significant decrease in the fraction of cells re-initiating DNA 
replication after release from HU or Aph treatment and after exposure to IR. We propose 
that the helicase domain of RecQL4 is involved in replication re-initiation after DNA 
damage and/or DNA replication blocks and thus plays a role in maintenance of genome 
integrity. 
 
The p53 tumor suppressor protein is a transcription factor that forms homotetramers and 
binds DNA in a sequence-specific manner. However, the structure of a p53 tetramer bound 
to DNA has not been determined. We expressed a p53 polypeptide consisting of the DNA 
binding and oligomerization domains and crystallized this protein as a tetramer bound to 
DNA. The structure reveals multiple contacts between the DNA binding subunits of p53 
induced upon DNA binding, as well as new contacts with DNA, not previously observed in 
the structures of p53 monomers bound to DNA. 
 
Masaoki Kohzaki, Thomas J. Petty and Thanos D. Halazonetis 
Dept. of Molecular Biology and Dept. of Biochemistry, University of Geneva, 1205 
Geneva, Switzerland 
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Telomeres and telomerase: RNA-dependent machines at chromosome 
ends 
 
Joachim Lingner 
ISREC, EPFL, Lausanne, Switzerland 
 
The ends of eukaryotic chromosomes, known as telomeres, are maintained by the 
ribonucleoprotein enzyme telomerase. Correct telomere length setting is crucial for long-
term survival. Telomere shortening suppresses tumor formation through limiting the 
replicative potential of cells. On the other side the telomere length reserve must be 
sufficient to avoid premature cellular senescence and acceleration of aging. I will discuss 
how telomerase activity at chromosome ends is regulated (1) at the level of nuclear 
trafficking, (2) by telomeric end binding proteins and (3) by telomeric repeat containing 
RNA (TERRA).  
Recently, the telomerase RNA subunit (hTR) was shown to accumulate in Cajal bodies 
(CBs), subnuclear structures implicated in ribonucleoprotein maturation. We reconstituted 
telomerase in human cells and determined that mutant hTR, which fails to accumulate in 
CBs, is fully capable of forming catalytically active telomerase in vivo, but is strongly 
impaired in telomere extension. The functional deficiency is accompanied by a decreased 
association of telomerase with telomeres. Collectively, these data identify subnuclear 
localization as an important regulatory mechanism for telomere length. 
It has remained unclear which proteins interact with human telomerase at the telomere. In 
order to assay for human telomerase association with telomeres in vivo, we perform 
quantitative Chromatin Immunoprecipitation (ChIP) and our collaborators from Michael 
Terns’ lab (University of Georgia) fluorescence in situ hybridization (FISH) and 
immunoflourescence to detect telomerase RNA (hTR) and telomerase reverse 
transcriptase (hTERT). Both analyses indicate that shRNA-mediated depletion of TPP1, a 
protein that is part of the telomeric shelterin complex, significantly reduces the presence of 
telomerase at telomeres. This effect can be rescued through expression of an shRNA-
resistant cDNA version of TPP1, confirming the specificity of the result. However, when 
expressing a TPP1-deletion mutant lacking the OB-fold, telomerase recruitment is not 
restored. Thus the OB-fold of TPP1 is critical in the recruitment of telomerase to telomeres.  
In order to achieve telomere length homeostasis, telomerase acts preferentially on short 
telomeres. The mechanisms by which length sensing occurs and is transmitted to 
telomerase are ill-defined. Mammalian and yeast telomeres are transcribed into telomeric 
repeat containing RNA ((TERRA); (Azzalin et al, Science 318, 798 (2007); Schoeftner & 
Blasco, Nat. Cell Biol. 10, 228 (2008); Luke et al, Mol. Cell 32, 465 (2008)). We now detect 
a physical association of TERRA with telomerase in extracts. Furthermore, we have 
characterized the effects of synthetic TERRA on telomerase activity in vitro and find that it 
acts as a potent competitive inhibitor. Finally TERRA levels correlate with telomere length. 
Thus, TERRA may inhibit telomerase in a telomere length dependent manner and thereby 
contribute to telomere length homeostasis. 

Conditional TRF1 deletion induces damaged and fusogenic telomeres, 
concomitant with early occurrence of degenerative and neoplastic 
lesions in mice 
 
Maria A. Blasco 
Spanish National Cancer Centre (CNIO), Madrid 28029, Spain 
 
TRF1 is a major component of mammalian telomeres, however, its role in 
telomere biology and disease in the context of the organism remained 
elusive due to lack of viable loss-of-function mouse models. Here, we first 
report on mice conditionally deleted for TRF1 in stratified epithelia, 
TRF1Δ/ΔK5-Cre mice. Absence of TRF1 results in perinatal mortality, severe 
skin atrophy and hyperpigmentation, and widespread epithelial dysplasia, 
which are associated to induction of telomere-instigated DNA damage, 
activation of the p53/p21 and p16 pathways, and cell cycle arrest in vivo.  
Telomeres in TRF1-null mice show normal length and produce abundant 
telomeric transcripts, demonstrating that TRF1 is a repressor of telomere 
transcription. Abrogation of the p53 and RB pathways in TRF1-deleted 
mouse embryonic fibroblasts (MEF) bypasses senescence but results in 
widespread chromosomal instability concominant with activation of the Chk1 
and Chk2 DNA damage signaling kinases. In vivo, p53 deficiency 
ameliorates mouse survival and leads to development of malignant 
squamous cell carcinomas in the skin of p53-/-/TRF1Δ/ΔK5-Cre mice, 
demonstrating a tumor suppressor activity of TRF1.  Finally, we show that 
TRF1 levels decrease during physiological organismal aging. Together, 
these results show that dysfunction of a telomere-associated protein is 
sufficient to produce severe telomeric damage and loss of telomere capping 
in the absence of telomere shortening, resulting into premature tissue 
degeneration, acquisition of chromosomal aberrations and neoplastic lesions. 
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The Fanconi anemia protein FANCM remodels DNA replication 
intermediates and assists the replication of damaged DNA templates 
 
Angelos Constantinou 
Dept. of Biochemistry, University of Lausanne, Lausanne, Switzerland 
 
Fanconi anemia is an inherited cancer prone disorder associated with 
chromosome instability. The mutated genes encode proteins involved in the 
cellular response to replication stress. Fanconi anemia proteins function as a 
hub for the coordination of DNA repair with DNA replication and cell cycle 
progression.  
Here, we will discuss the role of FANCM during DNA replication. We found 
that FANCM is a DNA translocase that exhibits high and specific affinity for 
DNA replication and DNA repair intermediates. FANCM binds and 
translocates the branch point of model replication forks, displacement loops 
and Holliday junctions. FANCM can remodel replication structures into four 
way junctions by replication fork reversal. We propose that the fork 
remodelling activity of FANCM functions during the synthesis of damaged 
DNA. Consistent with this, we find that FANCM contributes to the signalling 
of stalled replication forks, and assists the progression of replication forks in 
cells exposed to ultraviolet light or camptothecin (a specific inhibitor of type I 
DNA topoisomerase). Together, these results suggest a mechanism by 
which FANCM could promote the maintenance of genomic integrity during 
DNA replication.  
 
 
 
 
 
 
 
Kerstin Gari, Sarah Luke Glaser, Chantal Décaillet, Simona Grossi, Mathieu 
Delannoy and Angelos Constantinou 
Dept. of Biochemistry, University of Lausanne, Lausanne, Switzerland 
 

Genome-Wide Analysis of Factors Affecting Transcription Elongation 
and DNA Repair: a New Role for PAF and Ccr4-Not in Transcription-
Coupled Repair 
 
Hélène Gaillard 
CABIMER, Departamento de Biología Molecular, University of Seville, 
Seville, Spain 
 
RNA polymerases frequently deal with a number of obstacles during 
transcription elongation that need to be removed for transcription resumption. 
One important type of hindrance consists of DNA lesions, which are removed 
by transcription-coupled repair (TC-NER), a specific sub-pathway of 
nucleotide excision repair.  
To improve our knowledge of transcription elongation and its coupling to TC-
NER, we used the yeast library of non-essential knock-out mutations to 
screen for genes conferring resistance to the transcription-elongation 
inhibitor mycophenolic acid and the DNA-damaging agent 4-nitroquinoline-N-
oxide. Our data provide evidence that subunits of the SAGA and Ccr4-Not 
complexes, Mediator, Bre1, Bur2, and Fun12 affect transcription elongation 
to different extents. Given the dependency of TC-NER on RNA Polymerase II 
transcription and the fact that the few proteins known to be involved in TC-
NER are related to transcription, we performed an in-depth TC-NER analysis 
of a selection of mutants. We found that mutants of the PAF and Ccr4-Not 
complexes are impaired in TC-NER. 
This study provides evidence that PAF and Ccr4-Not are required for efficient 
TC-NER in yeast, unraveling a novel function for these transcription 
complexes and opening new perspectives for the understanding of TC-NER 
and its functional interconnection with transcription elongation. 
 
1Hélène Gaillard, 1Cristina Tous, 2Javier Botet, 1Cristina González-Aguilera, 
1Maria José Quintero, 3Laia Viladevall, 1María L. García-Rubio, 1Alfonso 
Rodríguez-Gil, 1Antonio Marín, 3Joaquín Ariño, 2José Luis Revuelta, 
1Sebastián Chávez and 1Andrés Aguilera 
University of Seville1, University of Salamanca2, Autonomous University of 
Barcelona3  
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Sensing and Signaling DNA Damage by the ATM and ATR Checkpoint 
Kinases 
 
Lee Zou 
Massachusetts General Hospital Cancer Center & Department of Pathology, 
Harvard Medical School, Boston, USA 
 
The DNA damage-signaling ‘checkpoint’ pathways activated by the ATM 
(ataxia telangiectasia mutated) and the ATR (ATM and Rad3-related) 
kinases play crucial roles in the maintenance of genomic integrity. The 
function and regulation of the ATM and ATR pathways are intertwined yet 
distinct. While ATM primarily responds to double-stranded DNA breaks 
(DSBs), ATR is activated by a broad spectrum of DNA damage, including 
DSBs and various types of DNA damage that interfere with DNA replication. 
Although a number of proteins that regulate the activation of ATM and ATR 
have been identified and characterized, how exactly the DNA-damage 
specificities of ATM and ATR are determined is not well understood. 
 
To investigate how the DNA-damage specificities of ATM and ATR are 
distinct from each other, we have developed a new ATM/ATR activation 
assay using cellular extracts and defined DNA structures. Using this assay, 
we have systematically analyzed how the DNA structures associated with 
DSBs contribute to ATM activation. Our analysis has revealed that the 
activation of ATM is regulated by multiple structural components of DNA 
breaks. We found that distinct DNA structures are involved in the in initiation 
and enhancement of ATM activation. Surprisingly, the activation of ATM is 
inhibited by the single-stranded overhangs of DSBs, suggesting that ATM 
activation is gradually attenuated by the exonuclease-mediated resection of 
DNA ends. In addition, we found that the generation of single-stranded 
overhangs at DSBs triggered ATR activation, suggesting that single-stranded 
DNA is the key determinant that promotes a switch from ATM activation to 
ATR activation. These results have shed new light on how specific DNA 
structures contribute to the activation of ATM and ATR, and how these two 
major DNA damage-signaling pathways function in concert in response to 
DSBs. 

Tolerance of DNA damage by translesion DNA synthesis 
 
Errol C. Friedberg 
Laboratory of Molecular Pathology, Dept. of Pathology, University of Texas 
Southwestern Medical Center at Dallas, Dallas TX 75390-9072, USA 
 
Cells that carry unrepaired DNA damage are subject to arrested DNA replication, 
a lethal event unless the arrest is relieved and normal DNA replication continues. 
Prokaryotic and eukaryotic cells have evolved multiple mechanisms for relieving 
arrested DNA replication without removing lesions from DNA, a biological 
response called DNA damage tolerance. One known DNA damage tolerance 
mechanism involves the bypass of arresting lesions by a novel class of 
specialized DNA polymerases; so-called translesion DNA synthesis (TLS). 
Vertebrates, including humans, contain at least nine such specialized 
polymerases, each of which is presumed to have evolved to bypass a specific 
lesion or class of naturally occurring base damage with a high degree of 
accuracy. For example, thymine-thymine dimers (T<>T) caused by exposure of 
cells to UV radiation are the cognate substrate for TLS by a specialized DNA 
polymerase called Pol eta (Polη). Regardless of the fact that Polη is highly error-
prone when copying native DNA, the enzyme replicates past T<>T dimers with a 
high degree of accuracy, thus protecting against a potential mutational burden 
associated with error-prone replication by other specialized polymerases that can 
support TLS past T<>Y, but do so inaccurately. 
Like Polη, DNA polymerase kappa (Polκ) is a member of the Y-family of 
specialized DNA polymerases. We are seeking to identify the presumed cognate 
substrate for TLS by Polκ. Cells from Polκ-defective mice reveal a spontaneous 
mutator phenotype and are sensitive to killing by polycyclic aromatic compounds. 
Spontaneous mutations in these cells are strongly biased toward GC->AT 
transitions and transversions, implicating G or C as carriers of DNA damage. 
Since many polycyclic compounds bind to the N2 position of guanine in DNA, we 
entertain the working hypothesis that N2guanine adducts generated by naturally 
occurring polycyclic compounds, such as cholesterol and/or cholesterol 
metabolites are the cognate substrate for TLS by Polκ. 
 
Errol C. Friedberg, Nicole Kosarek-Stancel, Lisa D. McDaniel, Susanna Velasco 
and James Richardson 
Laboratory of Molecular Pathology, Department of Pathology, University of Texas 
Southwestern Medical Center at Dallas, Dallas TX 75390-9072, USA 
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HMGA2 exhibits dRP/AP site cleavage activity and protects cancer cells 
from DNA-damage-induced cytotoxicity during chemotherapy 
 
Peter Droge 
School of Biological Sciences, Nanyang Technological University, Singapore, 
Singapore 
 
HMGA proteins are not translated in normal human somatic cells, but are 
present in high copy numbers in pluripotent embryonic stem cells and most 
neoplasias. Correlations between the degree of malignancy, patient 
prognostic index, and HMGA levels have been firmly established. 
Intriguingly, HMGA2 is also found in rare tumor-inducing cells which are 
resistant to chemotherapy. Here, we demonstrate that HMGA1a/b and 
HMGA2 possess intrinsic dRP and AP site cleavage activities, and that 
lysines and arginines in the AT-hook DNA binding domains function as 
nucleophiles. We also show that HMGA2 can be covalently trapped at 
genomic abasic sites in cancer cells. By employing a variety of cell-based 
assays, we provide evidence that the associated lyase activities promote 
cellular resistance against DNA damage that is targeted by base excision 
repair (BER) pathways, and that this protection directly correlates with the 
level of HMGA2 expression. In addition, we demonstrate an interaction 
between human AP endonuclease 1 and HMGA2 in cancer cells, which 
supports our conclusion that HMGA2 can be incorporated into the cellular 
BER machinery. Our study thus identifies an unexpected role for HMGA2 in 
DNA repair in cancer cells which has important clinical implications for 
disease diagnosis and therapy. 
 

DNA damage and its relevance for cancer, aging and longevity 
 

J.H.J. Hoeijmakers 
MGC-CBG, Genetics, Erasmus MC, PO Box 2040, 3000 CA Rotterdam, The Netherlands 
 

Genome stability mechanisms provide a powerful barrier to the deleterious effects of exogenous 
and endogenous genotoxins (e.g. UV, X-rays, chemicals, ROS). Nucleotide excision repair 
(NER) is one of the most versatile DNA repair systems removing a wide range of helix-distorting 
lesions, mostly of exogenous (UV, bulky adducts), but also of endogenous (e.g. cyclopurines) 
origin. Two NER sub-pathways exist. Global genome NER operates genome-wide and in that 
way is important for preventing mutations. Transcription-coupled repair removes damage that 
obstructs transcription, counteracting cytotoxic effects of DNA injury. Inherited NER syndromes 
display photo(sun)sensitivity but otherwise striking clinical heterogeneity: very strong 
(skin)cancer predisposition in xeroderma pigmentosum (XP) as well as dramatic neuro-
developmental deficits such as in Cockayne syndrome (CS) and trichothiodystrophy (TTD) 
without any cancer susceptibility.  
Mutations in NER helicases XPB and XPD, subunits of the repair/transcription factor TFIIH, are 
associated with all three disorders or combinations. XPDTTD mice, mimicking a XPD point 
mutation of a TTD patient, revealed that TTD is in fact a segmental premature aging syndrome, 
like CS, which appears to be protected from spontaneous cancer. XPDXP/CS mutant mice on the 
other hand are highly predisposed to cancer, but also display premature aging, demonstrating 
that both phenotypes can co-exist. Different single and double NER mutants exhibit multiple 
premature aging features, including osteoporosis, neuro-degeneration, early infertility and 
cessation of growth, liver and kidney aging, deafness, retinal photoreceptor loss, depletion of 
hematopoietic stem cells, etc. Life span is limited to 1,5 year for milder mutants to 3-5 weeks for 
dramatic double mutants. A striking correlation is found between severity of compromised repair 
and rate of onset and severity of the clinical aging manifestations providing strong experimental 
support for the DNA damage theory of aging. Conditional mutants in which dramatic aging 
occurs only in e.g. the brain, display many signs of neurodegeneration whereas the remainder of 
the body appears normal, revealing organ-specific accelerated aging. We propose that 
endogenous oxidative lesions hamper transcription/replication and trigger cellular apoptosis-
senescence and in the end (premature) aging. Microarray, functional and physiological studies 
have revealed that persisting DNA damage elicits a systemic downregulation of the IGF1 
somatotrophic axis and upregulation of anti-oxidant defences, favouring maintenance and 
defences at the expense of growth and development, explaining the severe growth defect of 
repair mutants. Persisting DNA damage triggers this ‘survival’ response in a cell autonomous 
manner and implicates regulation by microRNAs. Caloric restriction and fasting trigger a similar 
‘survival’ response, which maximizes anti-oxidant defence and -when constitutive- promotes 
longevity at least under laboratory conditions. These data link accumulation of DNA damage and 
the IGF1 control of life span and open perspectives for the promotion of healthy aging. 
 
J.H.J. Hoeijmakers, H. van Steega), L. Niedernhoferb), G. Garinisc), B. Schumacherd), J. Mitchelle), J. 
Pothof, I. van der Pluijm, and G.T.J. van der Horst. MGC-CBG, Genetics, Erasmus MC, PO Box 2040, 
3000 CA Rotterdam, a) RIVM, Bilthoven, NL; b) Univ. of Pittsburgh Cancer Inst., Hillman Cancer Center, 
Pittsburgh, USA; c) Inst. of Molec. Biology and Biotechnology, FORTH, Vassilika Vouton, Heraklion, 
Crete, Greece; d) Univ. of Cologne, CECAD Cologne, Inst. of Genetics, Cologne, Germany; e) Dept. of 
Genetics and Complex Diseases, Havard School of Public Health, 655 Huntington Ave, Boston, USA 
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1  
Genomic-Scale analysis of the cell cycle and transcriptional regulator HCF-
1 in Drosophila 
 
1Albarca Aguilera M., Schütz F., Delorenzi M., Mcclymont S., Tamkun J., Herr W.  
1CIG, UNIL, Lausanne, Switzerland 
 
Transcriptional regulation is the result of a combination of positive and negative 
effectors, such as transcription factors, cofactors and chromatin modifiers. The 
human HCF-1 (host cell factor-1) is a broad co-activator and repressor of 
transcription. HCF-1 also regulates the cell cycle. In particular, HCF-1 controls 
the G1 to S phase transition by interaction with several members of the E2F 
family. 
In early G1, the transcriptional repressor E2F4 interacts with HCF-1, which links it 
to the Sin3 histone deacetylase complex, associated with transcriptional 
repression. Then during the G1-to-S phase transition, the transcriptional activator 
E2F1 recruits HCF-1, which links it to the MLL family of histone H3 lysine 4 
(H3K4) methytransferases, and promotes activation of E2F1 responsive 
promoters and S-phase entry. 
The HCF protein structure and interactions with transcriptional regulators have 
been conserved in the model organism D. melanogaster. Therefore we are using 
Drosophila SL2 proliferating cells to study both dHCF regulated genes (employing 
RNAi interference and microarray expression analysis) and the genomic locations 
of dHCF using a combination of chromatin immunoprecipitation and tiling array 
(ChIP-on-chip) or ultra high throughput sequencing (ChIP-seq) analysis. The 
dHCF protein binds to 5830 chromosomal regions, and it is close to core 
promoters of 36% of Drosophila genes. 
Gene expression arrays reveal that dHCF promotes the activation of genes 
involved in nuclear processes, such as the control of protein synthesis, and the 
repression of genes encoding membrane associated proteins involved in cell 
adhesion and development. Thus, dHCF appears to be involved in transcriptional 
activation and repression processes and could promote cell proliferation by 
promoting expression of genes involved in this process and inhibiting expression 
of genes involved in cell-cell adhesion, which is known to inhibit cell proliferation. 

2  
Is DNA replication in E. coli semi-discontinuous or fully 
discontinuous ? 
 
Luciana Amado and Andrei Kuzminov 
University of Illinois at Urbana Champaign 
 
The current model of DNA replication in E. coli postulates continuous 
synthesis of the leading strand, based on in vitro experiments with purified 
enzymes. In contrast, in vivo experiments in E. coli and its bacteriophages, 
in which the maturation of the replication intermediates was blocked or 
slowed down, report discontinuous DNA synthesis of both the lagging and 
the leading strands. To address this discrepancy, we analyzed replication 
intermediates from E. coli cells replicating their DNA in ligase-deficient 
conditions to block maturation of Okazaki fragments. We found that the bulk 
of the replication intermediates isolated from ligase-deficient cells have a 
molecular weight between 0.3 and 3 kb, with a minor fraction being up to 12 
kb. Importantly, newly synthesized DNA of the size of a leading strand was 
not detected. The low molecular weight of the replication intermediates that 
we detect is unchanged by blocking the linear DNA processing by the 
RecBCD helicase/nuclease or by blocking uracil excision by uracil-DNA-
glycosylase. These results are consistent with the previously proposed 
discontinuous replication of the leading strand in E. coli.  
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3  
Thymic epithelial cells have skin stem cell potency 
 
1,2Bonfanti P., 1,2Claudinot S., 1,2Amici A., 3Farley A., 3Blackburn C., 
1,2Barrandon Y.  
EPFL1, CHUV2, University of Edinburgh3  
 
The thymus provides the necessary environment for maturation and selection 
of functional T lymphocytes, a process in which thymic epithelial cells (TECs) 
are crucial. TECs are of endodermal origin and form a three-dimensional 
network that differs from simple or stratified epithelia. Our work explores the 
functional relationship between TECs and multipotent keratinocyte stem cells 
of the skin using clonal analysis and transplantation assays as TECs express 
genes that are normally expressed in epidermis or other stratified epithelia. 
We demonstrate that embryonic and postnatal thymi of the rat contain 
clonogenic epithelial cells that retain the capacity to integrate into a functional 
thymus. Most importantly, these cells share morphological, phenotypic and 
functional characteristics of multipotent hair follicle stem cells, including the 
capacity to generate all epithelial derivatives of rodent skin, i.e. epidermis, 
hair follicles and sebaceous glands. Hence, the thymus contains a population 
of clonogenic epithelial cells that can display (or acquire) the functionality of 
bona fide multipotent keratinocyte stem cells if provided with ad hoc 
microenvironment. 
 

4  
Species selectivity of Trithorax/Mixed Lineage Leukemia and HCF 
proteolytic maturation pathways 
 
1Francesca Capotosti, 2James J.-D. Hsieh, and 1Winship Herr 
1CIG, UNIL, Lausanne, Switzerland; Washington 2University in St Louis 
 
Site-specific protolysis plays important roles in the regulation of basic cellular 
processes such as development, gene transcription, cell cycle progression 
and cell differentiation. We and others have demonstrated that several 
nuclear proteins, such as the human Mixed-Lineage Leukemia protein MLL 
and the cell proliferation factor HCF-1 are synthesized as larger precursors 
that undergo maturation via proteolytic cleavage to generate stable 
heterodimeric complexes. Interestingly, MLL and HCF-1 proteolysis are 
necessary to activate latent protein functions. Whereas human MLL is 
processed by a newly discovered protease called Taspase1, the 
mechanisms of HCF-1 maturation remain unclear and my PhD project 
concerns their elucidation.  
I have demonstrated that the Drosophila homologs of human MLL and HCF-
1, two proteins respectively called Trithorax and dHCF, are both cleaved by 
the Drosophila protease Taspase1. Although human and Drosophila 
Taspase1 share high sequence similarity, they display cognate species 
specificity: thus, human MLL is a better substrate for human Taspase1 and 
Drosophila Trithorax is a better substrate for Drosophila Taspase1. The 
divergence in processing for HCF proteins is even greater: whereas the 
Drosophila dHCF protein is cleaved by Drosophila Taspase1, the maturation 
of vertebrate HCF-1 does not involve Taspase1. Instead, an in vitro cleavage 
assay shows that human HCF-1 is cleaved by what is likely to be a novel 
protease.  
The next goal of my project is the identification of the vertebrate HCF-1 
protease using a combination of biochemical fractionations and activity-
based proteomics. Hopefully, that will reveal new cellular pathways 
orchestrated by proteases. 
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5  

Base excision repair enzymes affect trinucleotide repeat expansions in 
yeast 
 
Debacker K. 
Biochemistry – NUIG, Galway, Ireland 
 
Trinucleotide repeat (TNR) expansions are a unique and important form of 
mutations that are causal for a number of neurodegenerative diseases. To 
date, several models have been proposed to explain TNR instability, 
including aberrant DNA replication and error-prone repair. Transgenic mouse 
studies identified a number of DNA repair factors, including Ogg1 that 
promote TNR instability for long, disease-causing alleles.  In the absence of 
Ogg1, for example, most somatic expansions are suppressed in a 
Huntington’s disease mouse model (Kovtun et al Nature 2007 447:447). In 
contrast, disease-initiating mutations at tract lengths near the crucial 
threshold length have not been tested for effects of Ogg1 or other BER 
enzymes. In this study, we tested the hypothesis that BER promotes 
threshold-length CTG repeat expansions in yeast.  Using a genetic assay for 
TNR expansions, we found a slight reduction in CTG repeat expansions in an 
ogg1 mutant.  Mutation of either APN1 or APN2 had no detectable 
phenotype, but surprisingly the double mutant apn1 apn2 showed a large 
increase in expansion rate.  We are currently extending this study to better 
understand the effects of BER on threshold-length alleles of CTG repeats in 
yeast. 

6 selected talk 
The mobility of spontaneous and DNA damage induced Rad52 foci 
 
1Vincent Dion, Véronique Kalck, Lutz Gehlen, Benjamin Towbin, Haico van 
Attikum, and Susan M. Gasser 
Friedrich Miescher Institute1 , Basel, Switzerland 
 
A single DNA double strand break (DSB) can lead to cell death, genome 
rearrangements, or tumourigenesis if improperly repaired.  In budding yeast, 
DSBs are repaired mainly through homologous recombination, which 
requires a homologous template available for repair. An outstanding 
question in the field is how the search for homology is achieved. We are 
constructing a strain where we will be able to microscopically and genetically 
monitor homology search in live yeast cells. In the mean time, we studied the 
dynamic behaviour of Rad52-GFP foci using high precision live fluorescence 
microscopy. We find that spontaneous and DNA damage induced foci tend 
to localize away from the nuclear periphery. In addition, we measured 
mobility of spontaneous and MMS-induced Rad52-GFP foci and found that 
they move slower and are more constrained than an intact genomic locus. 
These data can be interpreted in two ways. First, it is possible that the 
breaks we observe have already invaded the nearby sister chromatid, 
forming a large structure that consequently moves more slowly. The second 
interpretation is that the break has a reduced mobility and therefore relies on 
the movement of the rest of the genome for homology search. Further 
experiments are needed to differentiate between these two possibilities. 
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HMGA2 exhibits dRP/AP site cleavage activity and protects cancer cells 
from DNA-damage-induced cytotoxicity during chemotherapy 
 
Droge P. 
Nanyang Technological University, Singapore 
 
HMGA proteins are not translated in normal human somatic cells, but are 
present in high copy numbers in pluripotent embryonic stem cells and most 
neoplasias. Correlations between the degree of malignancy, patient 
prognostic index, and HMGA levels have been firmly established. Intriguingly, 
HMGA2 is also found in rare tumor-inducing cells which are resistant to 
chemotherapy. Here, we demonstrate that HMGA1a/b and HMGA2 possess 
intrinsic dRP and AP site cleavage activities, and that lysines and arginines in 
the AT-hook DNA binding domains function as nucleophiles. We also show 
that HMGA2 can be covalently trapped at genomic abasic sites in cancer 
cells. By employing a variety of cell-based assays, we provide evidence that 
the associated lyase activities promote cellular resistance against DNA 
damage that is targeted by base excision repair (BER) pathways, and that 
this protection directly correlates with the level of HMGA2 expression. In 
addition, we demonstrate an interaction between human AP endonuclease 1 
and HMGA2 in cancer cells, which supports our conclusion that HMGA2 can 
be incorporated into the cellular BER machinery. Our study thus identifies an 
unexpected role for HMGA2 in DNA repair in cancer cells which has 
important clinical implications for disease diagnosis and therapy. 

 

8 
MLH1 mediates PARP-dependent cell death in response to the 
methylating agent N-methyl-N-nitrosourea 
 
Dunne P. 
University of Ulster, UK 
 
Methylating agents such as N-methyl-N-nitrosourea (MNU) can cause cell 
cycle arrest and death either via caspase-dependent apoptosis or via a 
poly(ADP-ribose) polymerase (PARP)-dependent form of apoptosis. We 
wished to investigate the possible role of MLH1 in signalling cell death 
through PARP. Fibroblasts are particularly dependent on a PARP-mediated 
cell death response to methylating agents, so we used hTERT-immortalised 
normal human fibroblasts to generate isogenic MLH1-depleted cells. MLH1-
depleted cells were more resistant to MNU in clonogenic and cell viability 
assays, as expected. Despite having an intact G2/M checkpoint, the WT 
cells did not undergo cell cycle arrest but instead triggered cell death directly 
by PARP over-activation and nuclear translocation of Apoptosis Inducing 
Factor (AIF). The MLH1-depleted cells showed defects in this pathway, with 
decreased staining for phosphorylated H2AX, altered PARP activity and 
reduced AIF translocation. Inhibitors of PARP, but not of caspases, blocked 
AIF translocation and abrogated short-term cell death in both WT and MLH1-
depleted cells. This MLH1-dependent response to MNU was not blocked by 
inhibitors of ATM/ATR or p53. This data indicates an important role for MLH1 
in signalling PARP-dependent cell death in response to the methylating 
agent MNU. 
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9  
Association analysis of copy number variants of Fc receptor genes with 
malaria 
 
Imad Faik, Bertrand Lell, Sanjeev Krishna, Peter G. Kremsner, Jürgen F.J. 
Kun  
Institute for Tropical Medicine, Tübingen, Germany 
 
Copy-number variation (CNV) presents a growing field of research in the 
human genome. This genetic variation has a significant influence on various 
diseases such as HIV. For FCGR2A and FCGR3B it has been shown that 
genetic alteration exerts predisposition to cerebral malaria. Both genes also 
occur in multiple copies in the human genome. In this study, we investigated 
for the first time an association of CNV in FCGR2A and FCGR3B with the 
severity of malaria in African children. Additionally, we explored the inter-
ethnic variability in Africans and Europeans. CNV was determined by using 
quantitative real-time PCR. A wide inter-individual variability in gene copy 
number (GCN) in FCGR2A and FCGR3B was observed. Europeans have 
significantly higher GCN of FCGR2A in comparison with Africans (p=0.008). 
In the same healthy subjects, FCGR3B GCN was significantly higher in the 
Africans comparing with the Europeans (p=0.004). Significantly higher GCN 
of FCGR2A (p<0.001) and FCGR3B (p<0.001) were observed in 106 
individuals suffering severe malaria compared to 166 individuals having mild 
malaria.  Having four FCGR2A copies or more increased the risk to contract 
severe malaria about 5-fold (OR 5.41, 95% CI 2.97-10.04, p<0.001).  A 3-fold 
increased risk to contract severe malaria was observed for children with 2 
FCGR3B copies or more (OR 3.34, 95% CI 1.94-5.77, p<0.001). Evidence for 
a significant association of higher GCN in FCGR2A or FCGR3B was 
observed with severe malaria.  
 
Keywords: malaria, GCN variation in FCGR2A, FCGR3B, quantitative real-
time PCR, gene-dose detection. 
 

10  
PI3K inhibition and genomic instability: friend or foe ? 
 
1Fotiadou P., 1Arrieumerlou C., 1Wymann M.  
University of Basel1  
 
The combined blockade of multiple relevant and functionally linked molecular 
targets has become a re-emerging therapeutic strategy in fighting cancer. 
The PI3K/Akt/mTOR pathway and the regulation of DNA damage repair 
have both a pivotal role in breast cancer pathogenesis and progression.  
PI3K signaling is frequently elevated in breast cancer either due to gene 
amplification, overexpression, or point mutations. While this drives growth 
and proliferation, mutations preventing efficient DNA repair increase 
signaling redundancy and complexity, driving progression to malignancy. 
Notably, three of the main DNA repair kinases that recruited directly to sites 
of DNA damage, namely DNA-dependent protein kinase (DNA-PKcs), ataxia 
telangiectasia kinase (ATM), and Rad3- related kinase (ATR), are all 
members of PI3-kinase (PI3K)-like family of kinases (PIKKs). Further, the 
currently available pan-PI3K inhibitors target PIKKs to varying degrees and 
therefore attenuate accurate DNA repair. While this expected to increase 
radiation sensitivity of cancer cells, and could lead to their apoptosis, an 
increased load of unrepaired DNA in escaper cells might drive genomic 
instability. 
Herein, we investigated whether the PI3K pathway may influence the DNA 
damage response in breast cancer cells. In order to manipulate activity of 
this pathway, we tested DNA damage response in breast cancer cell lines 
where specific PI3K isoforms have been ‘knocked-down’ by shRNA 
technology. 
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11  
Mitotic catastrophe can occur in the absence of apoptosis 
 
Michalis Fragkos, Carin Ingemarsdotter and Peter Beard 
Swiss Federal Institute of Technology (EPFL), Institute for Experimental 
Cancer Research (ISREC), Lausanne 
 
Cell death in mitosis, known as mitotic catastrophe, is a process that occurs 
as a result of centrosome overduplication and absence of proper cell cycle 
checkpoints. Mitotic catastrophe often takes place in conjunction with 
apoptosis, but it is still unclear whether it consists of a subtype of 
programmed cell death or if it requires apoptotic factors. In this work we show 
that mitotic catastrophe can occur in the absence of apoptosis. To induce 
mitotic cell death we used a UV-inactivated parvovirus called adeno-
associated virus (AAV), which has been shown to induce a DNA damage 
response, and subsequent cell death, without affecting the integrity of the 
host genome. As cell line we used p53-deficient osteosarcoma cells 
(U2OSp53DD), which have been shown to lack the G1 checkpoint and 
respond to AAV infection through a transient G2 arrest. Infected U2OSp53DD 
cells died via mitotic catastrophe that was exhibited by formation of multiple 
spindle poles and micronucleated cells. These cells showed no signs of 
chromosome condensation or DNA fragmentation. Moreover, cell death was 
also shown to be independent of caspases, AIF and the autophagy marker 
LC3B. MCF-7 cells, which are deficient in caspase-3, were also sensitive to 
AAV infection, showing high levels of cell death. On the other hand, glioma 
cells (M059K) that have a functional G1 checkpoint reacted differently to the 
virus and died via apoptosis. Taken together, these data indicate that, in the 
absence of a functional G1 checkpoint, mitotic catastrophe can occur as a 
result of mechanical damage and not as a consequence of a suicide signal. 

 

12 selected talk 
Genome-Wide Analysis of Factors Affecting Transcription Elongation 
and DNA Repair: a New Role for PAF and Ccr4-Not in Transcription-
Coupled Repair 
 
1Hélène Gaillard, 1Cristina Tous, 2Javier Botet, 1Cristina González-Aguilera, 
1Maria José Quintero, 3Laia Viladevall, 1María L. García-Rubio, 1Alfonso 
Rodríguez-Gil, 1Antonio Marín, 3Joaquín Ariño, 2José Luis Revuelta, 
1Sebastián Chávez and 1Andrés Aguilera 
University of Seville1, University of Salamanca2, Autonomous University of 
Barcelona3  
 
RNA polymerases frequently deal with a number of obstacles during 
transcription elongation that need to be removed for transcription 
resumption. One important type of hindrance consists of DNA lesions, which 
are removed by transcription-coupled repair (TC-NER), a specific sub-
pathway of nucleotide excision repair.  
To improve our knowledge of transcription elongation and its coupling to TC-
NER, we used the yeast library of non-essential knock-out mutations to 
screen for genes conferring resistance to the transcription-elongation 
inhibitor mycophenolic acid and the DNA-damaging agent 4-nitroquinoline-N-
oxide. Our data provide evidence that subunits of the SAGA and Ccr4-Not 
complexes, Mediator, Bre1, Bur2, and Fun12 affect transcription elongation 
to different extents. Given the dependency of TC-NER on RNA Polymerase 
II transcription and the fact that the few proteins known to be involved in TC-
NER are related to transcription, we performed an in-depth TC-NER analysis 
of a selection of mutants. We found that mutants of the PAF and Ccr4-Not 
complexes are impaired in TC-NER. 
This study provides evidence that PAF and Ccr4-Not are required for 
efficient TC-NER in yeast, unraveling a novel function for these transcription 
complexes and opening new perspectives for the understanding of TC-NER 
and its functional interconnection with transcription elongation. 
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13  
Characterization of molecular mechanisms of a new method for gene transfer 
 
Mélanie Grandjean1, Pierre-Alain Girod2, Danielle Martinet3, Jacques Beckmann3 & 
Nicolas Mermod1 

1 Institute of Biotechnology, University of Lausanne, Switzerland; 
2 Selexis SA, Geneva, Switzerland ; 
3 Division of  Genetics, Lausanne University Hospital (CHUV), Switzerland  
 
Gene transfer in eukaryotic cells suffers from epigenetic effects. The resulting 
variability in trangene expression depends in part on the site of transgene 
integration in the host genome, and on the variable number of transgene copies 
that integrate. Epigenetic regulators such as matrix attachment regions (MAR) 
are being used to increase and stabilize transgene expression in mammalian 
cells, shielding transgenes from inhibitory effects of surrounding heterochromatic 
area of the chromosomes. Additionally, MARs can recruit regulatory proteins that 
modify chromatin structure or transcription factors that activate gene expression. 
Previous work from our laboratory showed that successive transfections of a 
MAR and transgene allow a surprising exponential rather than additive increase 
of transgene expression. Our objective is to understand the molecular and 
cellular mechanisms of this interesting phenomenon for applications in 
biotechnology or gene therapy. 
We demonstrated by quantitative PCR assay and FISH analysis that inclusion of 
a MAR on transfected plasmids increases the number of transgenes that 
integrate in the genome of stable cell pools. Successive transfections were 
shown to mediate even higher transgene copies. This effect was partly explained 
by an increased nuclear uptake during the second transfection, as observed by 
confocal microscopy. In addition, using different combinations of vector elements, 
our results suggested that homologous recombination mediate high expression 
by increasing the efficiency of co-integration of successively transfected 
homologous plasmids. We concluded that the high transgene expression 
observed from successive transfections of MAR-containing plasmids likely results 
from the integration of more transgene copy number in the genome of cells and 
from MAR-mediated inhibition of epigenetic silencing events associated with the 
integration of tandem gene copies. Overall, the characterization of such a method 
for gene transfer may open new strategies toward high and stable transgene 
expression useful for research, recombinant protein production or gene therapies. 

 

14  
Replication of UV‐lesions in yeast centromeres 
 
Raphael Hahn and Fritz Thoma  
ETH Zurich 
 
Replication of the genome after UV irradiation requires the bypass of DNA 
lesions by damage tolerance mechanisms. We developed a novel approach 
to study replication of UV-lesions by overexpressing CPD- and 6-4-
photolyase in Saccharomyces cerevisiae. Photolyase overexpression results 
in rapid repair of the major UV lesions in seconds. However, centromeres 
with a size of about 125 bp are not repaired. We found that after 150 J/m2 
and rapid repair by photolyases cells override the checkpoint and enter S-
phase despite the presence of CPDs in centromeres. We observed DNA 
ends at damaged centromeres likely resulting from the termination of DNA 
synthesis at UV-lesions. S1 digestion revealed ss DNA consistent with gaps 
in DNA synthesis. Density-shift experiments provided evidence for a bypass 
of a majority of CPDs at damaged centromeres during replication. Moreover, 
reduced CPD levels in the replicated fraction suggest repair of CPDs during 
replication. Preliminary experiments with the appropriate mutants suggest 
that the bypass of centromeric lesions is not influenced by the lack of 
translesion synthesis polymerases, but involves the error-free component of 
the Rad6/Rad18 damage tolerance pathway. 
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15 
PPARβ in astrocyte maturation and functions 
 
Matthew Hall, Laure Quignodon and Béatrice Desvergne 
CIG, UNIL, Lausanne, Switzerland 
 
PPARβ is highly expressed in the embryonic and adult brain, where it is 
expressed in astrocytes and neurons. Whereas the role of PPARβ in 
metabolic regulation as been extensively explored, up to today very little is 
known on its activity in the brain.  
To tackle this question we prepared primary astrocyte cultures from PPARβ 
WT or PPARβ KO animals. We first observed an impaired stellation of 
PPARβ KO astrocytes when challenged either through exposure to MnCl2 or 
in neuron/astrocyte cocultures. This was accompanied by a different actin 
organization. While these observations demonstrate that PPARβ is active in 
astrocyte, astrocyte stellation is mainly observed in vitro and cannot be 
identified to a specific function in vivo. To pinpoint the physiological role of 
PPARβ, we explored the main astrocyte functions that include metabolism, 
proliferation, migration and glutamate uptake. We now show that PPARβ KO 
astrocytes have an impaired glutamate uptake, with a 2.5 fold reduced rate in 
the initial phase of uptake compared to WT control. We are now further 
exploring these alterations using:  FRAP, migration, scratch and energetic 
metabolism assays. 
 

16  
ROLES OF HCF IN CHROMATIN REMODELING AND RNAi 
REGULATION IN C. ELEGANS 
 
V. Horn, P.J. Chen and W. Herr 
CIG, UNIL, Lausanne, Switzerland 
 
The human herpes simplex virus (HSV) host cell factor HCF-1 plays 
important roles in mammals in cell proliferation and chromatin remodeling as 
it associates with histone modifying enzymes. Some structural and functional 
features of HCF-1 are conserved amongst metazoans, including the 
nematode worm C. elegans. Given its many genetic and molecular 
experimental attributes, this organism is a good model to study the roles of 
HCF factors in animal development. C. elegans has a single HFC factor, 
named Ce HCF-1, which is encoded by the hcf-1 gene. To investigate the 
roles of HCF proteins in animals, we have studied the effects of the loss of 
function of hcf-1 using two large hcf-1 deletion mutants (pk924 and ok559). 
hcf-1 mutants display a reduced fertility and a cold-embryonic lethal 
phenotype. Moreover, chromatin modifications, especially the histone H3 
phosphorylation and methylations are affected in hcf-1 mutant embryos. 
Independent genome wide RNAi screens revealed that hcf-1 plays also 
some roles in RNAi and vulval development. The two latter processes 
involve regulators of chromatin status such as lin-35, the gene encoding the 
nematode homolog of the human retinoblastoma protein pRb. Interestingly, 
our studies have shown that pRb and HCF-1 play antagonistic functions in 
mammals and worms. These results suggest that the functions of hcf-1 
regarding chromatin modifications, vulval development and the RNAi 
process may be linked to each other. Thus, to characterize more extensively 
the hcf-1 functions in worms, we have performed a genome wide RNAi 
screen for hcf-1 genetic interactors. This screen suggests additional 
connections between hcf-1, lin-35 in the vulval development and RNAi 
process.  
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17  
Peroxisome proliferation-activated receptor β  regulates pancreatic β-
cell function and growth 
 
José Iglesias1, Sebastian Barg2, Angela McDonald2, Sylvain Pradevand1, 
Marie Bernard Debril1, Claire Bonal3, Pedro Herrera3, Guy Rutter2, Bernard 
Thorens1 and Walter Wahli1 

1CIG, Center Frontiers in Genetics, UNIL, Lausanne, Switzerland  
2Department of Cell Biology, Imperial College, London UK 
3Department of Genetic Medicine and Development, University of Geneva 
Medical School, CH-1211 Geneva 4, Switzerland. 
 
 
The activation of peroxisome proliferation-activated receptor β (PPARβ also 
called PPARδ) by agonists induces a protection against obesity, by reducing 
insulin resistance and dyslipidemia in various organs, such as muscle, 
adipose tissue, liver, heart and circulation.  However, nothing is known about 
the function of PPARβ in pancreas, a major player of metabolic regulations.  
We ablatited PPARβ gene in pancreas with a Cre/Lox system using the Pdx1 
promoter. We found that these pancreatic conditional knockout mice develop 
a chronic hyperinsulinemia with metabolic consequences, due to an increase 
of β-cell mass and insulin secretion.  Capacitance measurement and 
perifusion analysis in islets show an increased second phase glucose 
stimulated insulin secretion.  Analysis of gene expression by microarray 
reveled an alteration of glucose and fatty acid metabolism and actin network 
organization.  In addition, we demostrated that enhanced activity of PKCδ 
(Ca++ independent isoform) and F-actin depolimerization lead to increase of 
insulin secretion in PPARβ deficient β-cells. Taken together, these results 
suggest that PPARβ has a repressive role of β-cell growth and insulin 
secretion, which is interesting in the context of its reported anti-obsity action 
in in vivo models. 
 

18  
HUMAN RECQL4 HELICASE PLAYS A ROLE IN RE-INITIATION OF DNA 
REPLICATION AFTER DNA DAMAGE 
 
Masaoki Kohzaki, Thanos D. Halazonetis 
Department of Molecular Biology, University of Geneva, Switzerland 
 
The RecQ helicase family is thought to be important for genome integrity 
because three of its members are implicated in cancer predisposition 
syndromes (BLM, WRN, RTS). In Xenopus, the N-terminus of RecQL4 is 
essential for initiation of DNA replication and might be the ortholog of the 
budding yeast DNA replication factor Sld2. However, it is not known if the 
function of the N-terminus of RecQL4 is conserved in humans. Further, the 
function of the helicase domain of human RecQL4 in replication initiation is 
unclear.  
We successfully disrupted the helicase domain of the human RecQL4 gene 
in the pre-B lymphocyte Nalm-6 cell line to elucidate the function of this gene 
in human cells. RecQL4 helΔ/helΔ cells showed sensitivity to DNA damage 
induced by IR and MMS. This sensitivity was not due to a checkpoint defect 
since we could not detect significant difference in Chk1 S317 and Chk2 
S33/35 and T68 phosphorylation after DNA damage between RecQL4 wild-
type and helΔ/helΔ cells. We then examined whether RecQL4 was involved 
in replication restart after replication arrest induced by Hydroxyurea (HU) or 
Aphidicolin (Aph) and DNA damage induced by IR. By FACS analysis, we 
observed a significant decrease in the fraction of cells re-initiating DNA 
replication after release from HU or Aph treatment and after exposure to IR. 
We propose that the helicase domain of RecQL4 is involved in replication re-
initiation after DNA damage and/or DNA replication blocks and thus plays a 
role in maintenance of genome integrity. 
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Structural insights into genome instability associated to DNA replication 
stress 
 
K. Neelsen, A. Ray Chaudhuri, C. Follonier, R. Herrador and M. Lopes 
Institute of Molecular Cancer Research, University of Zurich, Winterthurerstrasse 
190, Zürich, Switzerland 
 
DNA replication represents a crucial, but potentially dangerous process that cells 
have to complete in order to undergo cellular division. A failure to properly 
maintain the integrity of replicating chromosomes inevitably leads to genome 
instability, which is a hallmark of cancer cells. Recently, uncharacterized “DNA 
replication” stress has been linked to DNA damage checkpoint activation upon 
oncogene expression and in early pre-cancerous lesions, which contributes to 
prevent full malignant transformation. Furthermore, certain genomic loci, i.e. 
repetitive sequences, are constantly linked with DNA replication interference, 
leading to expansions and contractions associated to numerous human 
syndromes. Remarkably, most of the common DNA damaging cancer 
chemotherapeutics also interfere with the mechanism of DNA replication, but little 
structural and genetic information is available on the mechanisms underlying their 
cytotoxicity in normal and cancer cells.  
The aim of our research is to gain structural and genetic information about the 
pathological transitions leading to genome instability under these different 
conditions of DNA replication stress, using a combination of classical cellular and 
molecular biology assays (western blots, FACS, 2D gels, PFGE, etc.) and single 
molecule approaches on replication intermediates (DNA fiber analysis, electron 
microscopy). Our current investigations on cell culture models of oncogene-
induced DNA replication stress suggest that replication forks experience 
elongation problems early after oncogene expression, whereas double strand 
breaks (DSB) become evident, both physically and through checkpoint activation, 
only later. Similarly, our observations on a specific class of cancer 
chemotherapeutics (Topoisomerase I inhibitors) suggest that DSB may arise as a 
rather late cellular response, challenging the current model of action of these 
drugs (replication fork run-off at DNA nicks). I will report the information we 
recently gained from our cellular and molecular biology assays. These 
observations are now instrumental to design and perform electron microscopy 
experiments, which will directly address which abnormalities at DNA replication 
intermediates precede and possibly determine the final cellular responses to 
different types of DNA replication stress. 
 

20  
FANCM ensures progression of replication forks 
 
Luke-Glaser S., Constantinou A.  
Dept of Biochemistry, University of Lausanne, Switzerland 
 
Fanconi anemia is a genomic instability and therefore a cancer 
predisposition syndrome with at least 13 genes involved. FANCM, a member 
of the Fanconi anemia core complex, can bind model replication fork 
structures and cause fork regression in vitro. Fork regression has been 
proposed to be involved in post-replicative repair via translesion synthesis 
and in restart of blocked replication forks. In order to investigate the 
contributions of FANCM to DNA replication dynamics in vivo, at the level of 
isolated, stretched DNA molecules, we pulse-labeled cells with nucleotide 
analogs that can be visualized by immunofluorescence. We found that 
replication forks in the absence of FANCM travel faster during short pulse-
labeling. When we followed replication over longer periods of time, we 
noticed that replication progresses less well in cells with reduced FANCM 
levels. This phenotype is exacerbated, when cells are exposed to 
camptothecin (CPT) or UV. Moreover, FANCM seems to play a role in 
replication of sequences that are intrinsically difficult to replicate, such as 
telomeres. In our working model, the fork regression activity of FANCM 
opposes fork speed, leading to an increased replication fork speed in the 
absence of FANCM. When forks encounter obstacles such as damaged 
DNA or secondary structures, FANCM’s fork regression becomes necessary 
to allow the fork to move past the obstacle. Therefore, we put forward that 
FANCM ensures progression of replication forks, especially through 
damaged DNA and genomic sequences that are prone to form secondary 
structures. 
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21  

Comet sensitivity in assessing DNA damage and repair in different cell 
cycle stages 
 
Darragh G. McArt*, George McKerr, Kurt Saetzler, C. Vyvyan Howard, C. 
Stephen Downes and Gillian R. Wasson 
UUC, Irland 
 
The Comet assay is a sensitive tool for estimation of DNA damage and repair 
at the cellular level. However, due to the sensitivity of the assay and the 
relatively small number of cells analysed (typically 50-100 cells per slide), it is 
possible that small effects could be masked by a varying sensitivity to DNA 
damage and repair at different stages of the cell cycle. We decided to assess 
this by arresting HeLa cells in various cell cycle stages and then exposing 
them to ionising radiation. Results from these experiments showed that even 
unirradiated cells demonstrated significant differences in strand break levels 
at different cell cycle stages. Over and above this variation in endogenous 
strand break levels, a significant difference in susceptibility to ionising 
radiation-induced DNA damage was also evident in different cell cycle 
phases. Levels of DNA damage fluctuate throughout the cycle with cells in G1 
showing slightly lower levels of damage than an asynchronous population. 
Damage increases as cells progress through S-phase before falling again 
towards the end of S-phase and reaching their lowest levels in G2/M phase 
cells. The results from repair experiments (where cells were allowed to repair 
for 10 minutes after exposure to ionising radiation) also showed differences 
throughout the cell cycle with G1 cells apparently being the most efficient at 
repair and G2/M phase cells the least efficient. These results confirm previous 
studies showing that cells are more susceptible to damage in G1 and early S-
phase than at G2/M phase. We suggest, therefore, that in experiments where 
small differences in DNA are to be investigated, it may be desirable to arrest 
cells in a specific stage of the cell cycle. 
 

22  
Inhibition of the MET receptor tyrosine kinase significantly impacts the 
DNA damage response machinery and results in a synergistic 
sensitization of tumor cells to DNA damaging agents  
 
Michaela Medová1,2, Daniel M Aebersold1,2, Wieslawa Blank-Liss1,2, Bruno Streit1,2, Matúš 
Medo3, Stefan Aebi4 and Yitzhak Zimmer1,2 
1Department of Radiation Oncology, Inselspital, University of Berne, Berne, Switzerland 
2Department of Clinical Research, Radiation Oncology, University of Berne, Berne, 
Switzerland 
3Department of Physics, University of Fribourg, Fribourg, Switzerland 
4Department of Medical Oncology, Inselspital, University of Berne, Berne, Switzerland 
 
Aberrant signaling by the receptor tyrosine kinase for hepatocyte growth factor MET plays 
a significant role in various aspects of cancer pathogenesis and progression. Recent data 
point that MET activation compromises tumor cytotoxicity inflicted by therapeutic 
modalities commonly used in clinical oncology, which mainly act by inflicting DNA damage, 
particularly in the form of double strand DNA breaks, such as ionizing radiation and 
radiomimetic drugs. A current study that demonstrated a link between mutated MET 
variants and homologous recombination provided the first evidence for a MET-DNA repair 
pathways axis. To further elucidate the link between MET and DNA repair pathways, we 
investigated the impact of MET inhibition by the small molecule PHA665752 on tumor cells 
cytotoxicity induced by DNA damaging agents.  
Surprisingly, the data show that MET inhibition by PHA665752 alone is sufficient to elicit a 
significant increase of cellular γH2AX levels, indicating accumulation of double strand DNA 
breaks. In parallel to γH2AX elevation, a drop and increase in the phosphorylated forms of 
ATR and ATM, respectively, have been observed following administration of PHA665752. 
Moreover, the results show that MET inhibition modulates the status of other key sensors, 
mediators and effectors of DDR machinery such as CHK2, NBS-1, MDC1, DNA PKcs, 
53BP1, BRCA2 and PARP-1. To confirm that the above-described effects are indeed 
mediated through MET inhibition and do not represent an off-target effect, cell lines that 
express MET mutated variants, which respond differentially to the inhibitor, were used.  
Finally and most important, our results show that MET inhibition leads to a reduced 
clonogenic survival of tumor cells with MET overexpression when combined with ionizing 
radiation and results in a synergistic sensitization mode to apoptosis induced by ionizing 
radiation or adriamycin. 
To our knowledge, this is the first study to report that inhibition of a receptor tyrosine 
kinase directly leads to accumulation of double strand DNA breaks with a substantial 
impact on the DDR. The findings assist therefore to establish the active physiological role 
of MET in the cellular DNA repair machinery and recapitulate the imperative future benefit 
for the inhibition of this receptor system in malignant disorders with MET deregulated 
activity. 
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23  
Sen1 helicase functions to prevent transcription associated genome-
instability 
 
Hannah Mischo1, Belén Gómez-González2, Ana G. Rondón1,2, Andrés  
Aguilera2* and Nick J. Proudfoot1* 

* joint communicating authors. 
1Sir William Dunn School of Pathology, University of Oxford, South Parks Rd, 
Oxford OX1 3RE, UK 
2Centro Andaluz de Biología Molecular y Medicina Regenerativa CABIMER, 
Universidad de Sevilla-CSIC, Av. Americo Vespucio s/n, Sevilla 41092, Spain 
 
Sen1 is a large DEAD-box containing protein with potential RNA:DNA 
helicase activity. In Saccharomyces cerevisiae (S. cerevisiae) Sen1 acts as a 
transcription termination factor for snoRNAs, rRNAs and some protein coding 
genes. Mutation of its human orthologue Senataxin triggers a neuronal 
degenerative phenotype described as Ataxia Oculomotor Apraxia Type II 
(AOAII). We demonstrate an additional major role for Sen1 to ensure 
template integrity during transcription elongation of genes transcribed by RNA 
polymerase II (Pol II). By use of recombination assays we show that loss of 
Sen1 substantially increases recombination rates. This genome-instability 
phenotype is linked to the accumulation of R-loops, RNA:DNA hybrids formed 
between nascent transcripts and the DNA template strand thus exposing the 
non-coding single strand. Furthermore the SEN1 gene genetically interacts 
with DNA repair genes. These data emphasise a hitherto unappreciated 
danger in the transcription process which requires Sen1 helicase to protect 
genome integrity. 
 

24  
Detection of Sperm DNA Fragmentation in Normozoospermia and 
Asthenozoospermia Patients using Alkaline Comet Assay  
 
Siti Syairah binti Mohd Mutalip 
Faculty of Pharmacy, Universiti Teknologi MARA, 40450, Shah Alam, Selangor, Malaysia 
 
Introduction: Infertility is becoming one of the major problems faced by married couple 
nowadays. Patients normally defined as infertile if they still unable to parent a child after 
one year of trial without taking any of contraceptive methods. Asthenozoospermia and 
normozoospermia is examples from infertility classification in men. In the cases of 
normozoospermia, semen sample from patients normally will have parameters in normal 
range but still unable to successfully fertilize an oocyte. This problem leads to a hypothesis 
that there might be some genetics problem regarding the chromatin and DNA stability in 
sperm cells. Objective: This study was conducted to determine whether there is any DNA 
fragmentation and if any, to investigate the degree of damages in this sample compare to 
those from asthenozoospermia group. Method: Samples were collected from Andrology 
Clinic, Hospital Universiti Kebangsaan Malaysia (HUKM), Cheras, Malaysia. Each sample 
was collected from 5 male patients with the respective infertility group. Routine semen 
analysis was done on the samples to determine the parameters including morphology, 
motility, viability, concentration and sperm count. The remaining sample was used in 
detection of DNA fragmentation using Alkaline Comet Assay method and data 
summarized using statistical analysis. Result: Some sperm cells were observed to be 
morphologically defect; including bend tail, duplicated tail, coiled tail, terminal droplet, 
short tail, swallowed head and neck. DNA fragmentation was detected in both 
normozoospermia and asthenozoospermia samples, with the higher comet score 2 and 3. 
The percentages of nucleus damages are lowest in normal sample (11.3%), followed by 
normozoospermia (33.6 %) and are highest in asthenozoospermia (73.4%). Discussion: 
Comet assay is being accepted worldwide as one of the methods to measure infertility. 
From the result obtained in this study, it can be concluded that DNA fragmentation do 
occur in sperm cells from normozoospermia patients, although the value is much more 
lower compare to astehozoospermia group. DNA fragmentation affects the nucleus 
integrity and this might have some adverse effect in fertilization. Meanwhile, in 
asthenozoospermia patients, who are known to have very low sperm motility, shows 
higher percentage of DNA damages compare to the other two sample groups. 
Conclusion: Result from this study gives insight that fragmentation in sperm DNA might 
have effect on the ability of sperm to function as normal. Although comet assay is 
approved to be one the detection method to use in measuring infertility, but the basic 
physiological aspects behind the DNA fragmentation remain unrevealed. A lot more study 
is required to determine and understand the relation between DNA fragmentation and 
failure in fertilization.  
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25  
Structural Insights into Oncogene-Induced DNA Replication Stress 
 
Kai Neelsen and Massimo Lopes 
Institute of Molecular Cancer Research, University of Zurich, 
Winterthurerstrasse 190, 8057 Zurich, Switzerland 
 
The DNA damage response is a critical anti-tumour barrier and prevents the 
proliferation of cells with potentially hazardous genetic alterations. It acts 
early in tumourigenesis, as its activation was observed already in pre-
cancerous lesions of various organs. The activation of the DNA damage 
checkpoint in these lesions was ascribed to oncogene-induced deregulation 
of DNA synthesis, or “replication stress”. Although the indirect consequences 
of replication stress, i.e. cell cycle arrest and oncogene-induced senescence, 
have been elucidated to some extent, our understanding of the underlying 
molecular events is extremely vague. This is mainly due to the lack of 
information on the in vivo DNA structures that are generated under such 
conditions. 
The replication stress phenotype can be reproduced in cell culture by 
overexpression of various oncogenes influencing DNA replication, e.g. Cyclin 
E, Cdc25A. We are exploiting these systems to identify oncogene-associated 
defects in DNA replication. Flow cytometric measurements indicate a 
substantial effect of oncogene deregulation on bulk DNA synthesis. 
Preliminary DNA fibre labelling experiments suggest a marked impact of 
oncogene expression on the progression of individual replication forks early 
after oncogene induction, coinciding with activation of the CHK1 kinase. 
Pulse field gel electrophoresis shows increasing DNA breakage upon 
oncogene overexpression at later timepoints, which is associated with 
phosphorylation of CHK2. These results provide us with the information 
required to set up electron microscopy studies to identify pathological in vivo 
replication intermediates generated early after oncogene expression. 
 

26  
Involvement of PPARbeta in the regulation of MMP8 and MMP13 during 
skin wound repair 
 
Philippe V., Michalik, L., Wahli, W.  
CIG, National Research Center Frontiers in Genetics, UNIL, Lausanne, 
Switzerland 
 
Skin wound healing is a complex and highly coordinated process, where a 
variety of cell types participate to renew the damaged tissue. Strictly controlled, 
proteolysis is a key process involved in wound repair and changes in its activity 
are often associated with an alteration of the wound closure. This process 
implies specific proteinases, including matrix metalloproteinases (MMPs), which 
cleaved proteins of extracellular matrix (ECM), leading cell motility and division. 
Additionally to ECM degradation, MMPs activate and regulate the signalling of 
various growth factors, cytokines and other proteases in wound. Influenced as 
well by IL-1, mouse collagenases (MMP8 and MMP13) play a crucial role in 
cutaneous wound healing. The nuclear receptor PPARbeta was identified as an 
important player of skin homeostasis. In the mouse skin, PPARbeta controls 
proliferation-differentiation state, adhesion and migration, survival of the 
keratinocytes during healing, as well as the development of the hair follicle. 
Recently, we found a novel homeostatic control of keratinocyte proliferation 
mediated by the regulation of IL-1 signalling via dermal PPARbeta fibroblasts, 
suggesting that the activity of PPARbeta is modulated by mesenchymal-
epidermal interactions and that, in turn, PPARbeta also modulates some of these 
signals. 
In this study, we show that MMP8 and MMP13 are indirectly up-regulated by 
dermal PPARbeta Indeed, IL-1 produced by keratinocytes activates PPARbeta 
 in dermal fibroblasts, which stimulates the production of secreted IL-1 receptor 
antagonist (sIL-1Ra), leading the inhibition of IL-1 signalling pathways, known to 
regulate the expression of numerous MMPs. We suggest that, in absence of 
PPARbeta, the positive regulation of these two collagenases could participate to 
the delay of skin wound healing. The potential therapeutic role of PPARbeta 
could be extending to inflammatory and hyperproliferative skin diseases involving 
IL-1 signalling, such as psoriasis or skin cancer. Quite interestingly, MMP1 play 
an essential role in human photoaging, suggesting that PPARbeta could also be 
an attractive target for photoprotection. 
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27  
Xenopus PPARbeta controls germ layer differentiation by repressing 
Nodal signaling 
 
Nicolas Rotman and Walter Wahli 

CIG, National Research Center Frontiers in Genetics, UNIL, Lausanne, 
Switzerland 
 
The peroxisome proliferator-activated receptors (PPARs) constitute a sub-
group of the nuclear receptor family that comprises three isotypes, alpha, 
beta and gamma. PPARs are key regulators of glucose and lipid homeostasis 
and have been shown to play a role in inflammation and wound healing. In 
addition, they also control important developmental processes in human and 
rodents. Indeed, PPARs play a role in placenta formation, adipogenesis, 
differentiation of the skin and intestinal epithelia and may also act in neural 
development. However, it is likely than the requirement for PPARs in early 
development is broader and should therefore be investigated in more details. 
We have undertaken an in depth analysis of the role of PPARs in Xenopus 
laevis, focusing first on PPARbeta, which is abundant all through early 
embryogenesis.  
Down regulation of PPARbeta by the mean of morpholino injection has 
dramatic effects on both gastrulation and early organogenesis: PPARbeta 
morphants show very reduced elongation of the antero-posterior axis and 
present a plethora of differentiation defects affecting the three germ layers. 
Time course analyzes combined with region specific knock-down of 
PPARbeta indicate that it controls gastrulation movements. At the molecular 
level, PPARbeta promotes neurectodermal and mesodermal differentiation 
while it represses endodermal differentiation. This is in part achieved by 
repressing the Nodal pathway: PPARbeta directly controls the transcription of 
some of the 6 Nodal ligands (Xenopus nodal related genes 1-6; Xnr 1-6). In 
addition to knock down experiments, over-expression and over-activation of 
PPARbeta were also conducted that confirm the central role of that nuclear 
receptor in the regulation of Xnr genes.  
All together, our data pinpoint PPARbeta as a key factor in early embryo 
patterning.  
 

28  
Loss of RAD51 function abolishes gene targeting and increases 
illegitimate integration frequencies in the moss Physcomitrella patens 
 
1Schaefer D., 2Nogué F.  
University of Neuchâtel1, INRA Versailles2  
 
Gene targeting (GT), a rare but essential tool for basic and applied research, 
is realised upon transgenesis when foreign DNA sharing sequence 
homology with its target integrates at the corresponding locus by 
homologous recombination (HR). In eukaryotes, GT requires enzymes from 
the HR-mediated DNA double strand break (DSB) repair pathway that are 
encoded by the Rad52 epistasis group of genes. Different mechanisms of 
HR have been described and it is not clear which one is used by the cell to 
achieve GT. In S.cerevisiae, the RAD52 protein is essential for GT, and the 
RAD51 protein plays a minor role. Yet, in filamentous fungi and animal cells, 
GT depends on RAD51 and is weakly affected by the absence of RAD52. 
Genetic evidence also indicate that the non homologous end-joining pathway 
of DSB repair negatively affects GT efficiencies, but the control of the 
balance between these two pathways is poorly understood. Here, we have 
examined the role of RAD51 in the only plant that exhibits high frequencies 
of GT, the model bryophyte Physcomitrella patens. We demonstrate that 
loss of function of the two RAD51 proteins completely abolishes GT and 
strongly increases illegitimate integration rates in this moss. We also show 
that the function of PP RAD51 in GT cannot be complemented by the 
Arabidopsis RAD51 protein, suggesting that the moss RAD51 protein could 
display some specific features that facilitate GT. Finally our data also show 
that both RAD51 proteins have partially redundant functions in the 
maintenance of genome integrity and in resistance to ionizing radiations. 
These data makes P. patens a particularly interesting tool for the study of GT 
in higher eukaryotes. 
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29  
Targeting the “Achilles Heel” of Tumor Cells 
 
Yandong Shi, Emanuela Felley-Bosco and Rolf Stahel 
Laboratory of Molecular Oncology, University Hospital, University of Zürich, 
Häldeliweg 4, 8044 Zürich, Switzerland 
 
The ultimate goal of cancer therapy is to specifically kill malignant cells 
without damaging normal cells. Cisplatin is a widely used drug in the clinic for 
the treatment of solid tumors.  However, the severe toxic side effects and the 
occurrence of resistance of tumor cells are the main obstacles in cisplatin-
based chemotherapy. The aim of our study is to define conditions maximizing 
the killing efficiency of cisplatin for tumor cells and at the same time reducing 
the toxic side effects to normal cells. Our hypothesis is that when cisplatin is 
administered under certain conditions where the proliferation of normal cells 
but not tumor cells is specifically modified, normal cells may show increased 
tolerance to cisplatin and survive, whereas tumor cells are selectively 
sensitized and killed. We screened a collection of drugs that specifically 
interfere with the proliferation of normal cells but not tumor cells for their 
ability to specifically sensitize tumor cells to and at the same time protect 
normal cells against cisplatin. Lovastatin was identified from the screen: the 
combined treatment of cisplatin (30µM) with a low dose of lovastatin (2µM) 
sensitized cultured tumor cells to cisplatin by a factor of at least two, and this 
low dose of lovastatin also renders a full protection for normal cells against 
the toxicity of cisplatin. Lovastatin is a lipid lowering drug functioning through 
inhibiting the activity of 3-hydroxy-3methylglutaryl-coenzyme A reductase 
(HMG-CoA reductase), which is the rate-limiting enzyme in the cholesterol 
biosynthetic pathway. We found that the lovastatin-mediated protection of 
normal cells through blocking the production of geranylgeranyl 
pyrophosphate, which is the isoprenoid donor for protein geranylgeranylation. 
Further characterization of the lovastatin-mediated sensitization of tumor cells 
and protection of normal cells to cisplatin, identification of involved 
mechanisms and testing the lovastatin-mediated effects in vivo with animal 
models are in progress. By developing new strategies for specifically 
sensitizing  tumor cells and at the same time protecting normal cells to 
cisplatin, this study will definitely contribute to the improvement of cancer 
therapy. 
 

30  
p53 Arg72Pro (rs1042522) gene polymorphism and the risks of Head 
neck Squamous Cell Carcinoma (HNSCC) and Breast cancer among 
north Indians 
 
Sarvendra Vikram Singh1, Amit Kumar Mitra1, Neetu Singh1, Vivek Kumar 
Garg2, Rashmi Chaturvedi2, Mandira Sharma2, Srikanta Kumar Rath1 
1. Genotoxicity Laboratory, Toxicology Division, Central Drug Research 

Institute, MG Marg, Lucknow, 226001, Uttar Pradesh, Contact No. 0522-
2212411 to 2212418, Fax No. 0522-223405/223938, E-mail ID 
skrath@cdri.res.in 

2. Lucknow Cancer Institute, Jiamau, Lucknow, Uttar Pradesh 
 
Tumor suppressor protein p53 plays a decisive role in maintaining cellular 
integrity through its ability to coordinate the transcriptional activation of other 
genes involved in different biological pathways such as apoptosis, cell cycle 
and DNA repair, stress response, angiogenesis etc. The p53 tumor 
suppressor gene located on chromosome 17p13 is one of the most 
commonly mutated genes in all types of human cancers. The present 
endeavour studies the association of the single nucleotide polymorphism 
(SNP) rs1042522 (Arg72Pro / G7176820C) in the p53 gene with the risk of 
Head and Neck Squamous Cell Carcinoma (HNSCC) and Breast cancer in 
501 (254 controls and 247 HNSCC-affected cases) and 244 (91 breast 
cancer cases and 153 normal healthy female controls) samples, 
respectively, collected from north Indian subpopulations by using PCR-
RFLP. Results of our analysis on the association of the SNP rs1042522 with 
disposition to Breast cancer and Head Neck Squamous Cell Carcinoma 
(HNSCC) showed a non significant association with all rs1042522 
genotypes- homozygous mutant (CC) (OR 1.023, 95% CI 0.5037 to 2.079, 
P=1.0000), heterozygous (GC) (OR 0.8329, 95% CI 0.4536 to 1.529, 
P=0.6440) and combined mutant (GC + CC) (OR 0.8954, 95% CI 0.5096 to 
1.573, P=0.7755) for Breast cancer and homozygous mutant (CC) (OR 
1.233, 95% CI 0.7370 to 2.064, P=0.4363), heterozygous (GC) (OR 0.7189, 
95% CI 0.6927 to 1.040, P=0.1266) and combined mutant (GC + CC) (OR 
0.8341, 95% CI 0.7472 to 1.110, P=0.3869) for HNSCC. The results indicate 
that there is no significant association between polymorphism rs1042522 
towards/and predisposition to HNSCC and Breast cancer among north 
Indian subpopulations. 
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Role of the Long Patch Base Excision Repair Sub-Pathway in Repair of 
Clustered DNA Damaged Sites 
 
E. Smirnova, M. Lomax, P. O’Neill 
Gray Institute for Radiation Oncology and Biology, University of Oxford 
 
The maintenance of genome stability is critical, as DNA damage and 
mutations promote tumorigenesis, aging and inheritable disease.Various 
types of lesions, including apurinic/apyrimidinic (AP) sites, base damage, as 
well as DNA strand breaks are induced in DNA following exposure to ionizing 
radiation. Formation of clustered DNA damage sites, several lesions 
generated by a single radiation track within one or two helical turns of the 
DNA molecule, is a unique feature of ionizing radiation. Unlike repair of single 
lesions, clustered DNA damage sites are repaired with low efficiency. Thus, 
non-repaired, incompletely or incorrectly repaired DNA lesions could increase 
the frequency of mutations. Several studies using synthetic oligonucleotides, 
containing two or more lesions located on complementary DNA strands in 
close proximity to each other (1-5n), have revealed that the efficiency of 
repair enzymes, such as DNA glycosylases and APE1, are compromised at 
the early steps of repair of clustered DNA damage sites.  Recently it was 
demonstrated that the later steps of clustered DNA damage site repair are 
also retarded. Namely, it was shown that enzymatic activity of DNA Ligase 
III/XRCCI complex, one of the major components of the Short Patch Base 
Excision Repair sub-pathway, is retarded in the repair of clustered DNA 
damage sites containing an AP site and 8-Oxoguanine (8-OxoG). In this 
study we have reconstituted the Long Patch Base Excision Repair sub-
pathway in vitro to examine the processing of bistranded clustered DNA 
damage sites, containing THF and 8-OxoG. We also intend to investigate 
interactions between components of the Long Patch Base Excision Repair 
sub-pathway and their influence on each other during repair of clustered DNA 
damaged sites. 
 

32  
A UV-sensitive syndrome patient with a specific CSA mutation reveals 
separable roles for CSA in response to UV and oxidative DNA damage 
 
Spivak G1, Nardo T2, Oneda R2, Vaz B2, Mortier L3, Thomas P3, Orioli D2, 
Laugel V4, Stary A4, Hanawalt PC1, Sarasin A4 and Stefanini M1.   
1 Department of Biology, Stanford University, Stanford, CA, USA.  
2 Istituto di Genetica Molecolare, Consiglio Nazionale delle Ricerche, Pavia, 
Italy. 3 Clinique de Dermatologie, Centre Hospitalier Régional Universitaire de 
Lille, Lille, France. 4 Laboratory of Genomes and Cancer, Centre National de 
la Recherche Scientifique, Institut Gustave Roussy, Villejuif, France. 
 
UV-sensitive syndrome (UVSS) is a recently-identified autosomal recessive 
disorder characterized by mild cutaneous symptoms and defective 
transcription-coupled repair (TC-NER), the subpathway of nucleotide 
excision repair (NER) that rapidly removes damage that can block 
progression of the transcription machinery in actively-transcribed regions of 
DNA. Cockayne syndrome (CS) is another genetic disorder with sun 
sensitivity and defective TC-NER, caused by mutations in the CSA or CSB 
gebes. The clinical hallmarks of CS include neurological/developmental 
abnormalities and premature aging. UVSS is genetically heterogeneous, in 
that it appears in individuals with mutations in CSB or in a still-unidentified 
gene. 
We report the identification of a UVSS patient (UVSS1VI) with a novel 
mutation in the CSA gene (p.trp361cys) that confers hypersensitivity to UV 
light, but not to inducers of oxidative damage that are notably cytotoxic in 
cells from CS patients. The defect in UVSS1VI cells is corrected by 
expression of the wild type CSA gene. Expression of the p.trp361cys-
mutated CSA cDNA increases the resistance of CSA-deficient cells to 
oxidative stress, but does not correct their UV hypersensitivity. This implies 
that some mutations in the CSA gene may interfere with the TC-NER-
dependent removal of UV-induced damage without affecting its role in the 
oxidative stress response. The differential sensitivity toward oxidative stress 
might explain the contrast between the range and severity of symptoms in 
CS and the mild manifestations in UVSS patients. 
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33  
Inhibition of filament formation of human Rad51 protein by peptides 
derived from the BRC motif of the BRCA2 protein 
 
Takahashi M., Nomme J., Renodon-cornière A., Tran V.  
CNRS-Université de Nantes 
 
Human Rad51 is a key element of recombinational DNA repair and is related 
to the resistance of cancer cells to chemo- and radiotherapies. The protein is 
thus a potential target of anticancer treatment. We show that a peptide of 28 
amino acid residues derived from the BRC4 motif of BRCA2 tumor 
suppressor selectively binds to human Rad51 and prevents its filament 
formation. Neither the N-terminal nor the C-terminal half of the peptide 
interacted with human Rad51, indicating that both parts are involved in the 
interaction. The elimination or substitution of phenylalanine at N-terminal or 
C-terminal part also abolishes the inhibitory activity. These results are in 
accord with the crystal structure of Rad51-BRC motif fusion protein. Based on 
the structure, we propose three amino acid substitutions to increase the 
binding affinity of peptide to Rad51, and have gained a peptide being 10 
times efficient for the Rad51 inhibition. 
 

34  
The MRX complex regulates sister chromatin cohesion during 
replication stress   
  
M.V. Tittel-Elmer1,2, Margaret Renaud-Young1, and J.A. Cobb1  
1Department of Biochemistry and Molecular Biology, Southern Alberta 
Cancer Research Institute, University of Calgary, 3330 Hospital Drive NW, 
Calgary, AB Canada and 2University of Geneva, Department of Plant 
Biology, Quai Ernest Ansermet 30, 1211 Geneva, Switzerland. 
  
The Mre11-Rad50-Xrs2 (MRX) complex is important for the maintenance of 
genomic integrity.  The complex is recruited to paused replication forks 
where it stabilizes the association of replisome components with the fork 
(Tittel-Elmer et al., 2009).  We show here that deficiency in the cohesin 
factor Scc1 in combination with disruption of the MRX complex leads to an 
additive loss of both cell viability and sister chromatid cohesion (SCC) during 
replication stress. The MRX complex partially contributes to the maintenance 
of Scc1 at forks during replication stress, however the over expression of 
Scc1 in scc1-73/mre11Δ cells does not restore cell viability to wild type 
levels during HU treatment, suggesting that the MRX complex functions 
predominately independently of cohesin factors. We propose that one critical 
role for the MRX complex in preserving chromosome integrity involves 
supporting the architecture of newly synthesized daughter strands behind 
replication forks and suggest that maintaining the structural configuration of 
sister chromatids during stalls in replication is important for replisome 
preservation and the prevention of fork-associated damage. 
 
Tittel-Elmer, M., Alabert, C., Pasero, P., and Cobb, J.A. (2009). The MRX 
complex stabilizes the replisome independently of the S phase checkpoint 
during replication stress. The EMBO journal.  
 



Center for Integrative Genomics (CIG) 32 2009 CIG Symposium 
 

Posters abstracts 
 

35 selected talk 
MUTYH and DNA polymerase λ  cooperate in a novel long patch base 
excision repair of 8-oxo-guanine 
 
Barbara van Loon and Ulrich Hubscher 

University of Zurich, Institute of Veterinary Biochemistry and Molecular 
Biology, Winterthurerstrasse 190, CH-8057 Zurich, Switzerland 
 
The potentially mutagenic A:8-oxo-G mispair synthesized by the replicative 
DNA polymerases (pols) δ and ε escapes proofreading activity. The mismatch 
is recognized by the MutY glycosylase homologue (MUTYH) that removes 
the A, leaving the lesion on the template strand. The subsequent repair 
mechanism allowing the formation of C:8-oxo-G base pair remains to be 
clarified. We have recently shown that the BER enzyme DNA pol λ, together 
with the auxiliary proteins replication protein A (RP-A) and proliferating cell 
nuclear antigen (PCNA), has the unique ability among human DNA pols to 
efficiently incorporate a C opposite an 8-oxo-G, with error frequencies in the 
range of 10-3 (1, 2). In this work we identified the critical cellular components 
that specifically bind to DNA containing A:8-oxo-G mispairs and subsequently 
reconstituted a novel error-free pathway of 8-oxo-G. We showed specific 
binding of MUTYH, DNA pol λ, PCNA, FEN1 and DNA ligases I and III from 
human whole cell extracts to A:8-oxo-G DNA, but not to undamaged DNA. 
Based on this observation, we fully reconstituted a pathway for the repair of 
A:8-oxo-G mispairs. In a MUTYH and apurinic endonuclease 1 (APE1) 
initiated reaction, DNA pol λ in the presence of RP-A and PCNA incorporated 
dCTP opposite 8-oxo-G and added one nucleotide. The repair pathway was 
completed by FEN1 and DNA ligase I. These results identify a novel pathway, 
where a replication A:8-oxo-G mispair product is correctly repaired via 
MUTYH/DNA pol λ dependent long patch base excision repair.  
 
1. Maga, G., Villani, G., Crespan, E., Wimmer, U., Ferrari, E. Bertocci, B. and 
Hübscher, U.: Nature, 447, 606-609, 2007.  
2. Maga, G., Crespan, E., Wimmer, U., van Loon, B., Amoroso, A., Mondello, 
C., Ferrari, E., Belgiovine, C.,Villani, G., Hübscher, U.: Proc. Natl. Acad. Sci. 
USA, 105, 20689-20694, 2008. 
 Supported by the Swiss National Science Foundation and the University of 
Zurich. 
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