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Molecular basis of the dual role of the Mlh1-Mlh3 endonuclease in MMR and
crossover formation in meiosis
Jingqi Dai1*, Aurore Sanchez2,3*, Céline Adam2,3, Lepakshi Ranjha4, Giordano Reginato4,5, Jessica Andreani1,
Raphaël Guerois1, Petr Cejka4,5, Valérie Borde2,3§, Jean-Baptiste Charbonnier1§
1 Université Paris-Saclay, CEA, CNRS, Institute for Integrative Biology of the Cell (I2BC), Gif-sur-Yvette,
France; 2 Institut Curie, PSL Research University, CNRS, UMR3244, Paris, France; 3 Paris Sorbonne
Université, Paris, France; 4 Institute for Research in Biomedicine, Università della Svizzera italiana (USI),
Faculty of Biomedical Sciences, Institute for Research in Biomedicine, Bellinzona, Switzerland; 5
Department of Biology, Institute of Biochemistry, Eidgenössische Technische Hochschule (ETH) Zürich,
Switzerland
The eukaryotic MutL homologs are central actors of the MMR pathway but they are also important factors
in other processes including meiotic and mitotic recombination, DNA-damage signaling and triplet-repeat
expansion (Jiricny, 2006). In budding yeast, the MutL homolog heterodimer Mlh1-Mlh3 (MutLγ) plays a
central role in the formation of meiotic crossovers (Cannavo, 2020, Kulkarni, 2020, Sanchez in press). It is
also involved in the repair of a subset of mismatches besides the main MMR endonuclease Mlh1-Pms1
(MutLα). The heterodimer interface and endonuclease sites of MutLγ and MutLα are located in their Cterminal domain (CTD). To better understand the specificity of MutLγ, we determined the crystal structure
of S. cerevisiae MutLγ(CTD) and characterized new alleles. We observed that the last amino acids of Mlh1
participate in the Mlh3 endonuclease site as previously reported for Pms1 (Gueneau, 2013) and we
characterized a critical role of this Mlh1 extreme C-terminus both in MMR and in meiotic recombination.
We showed that the MutLγ(CTD) preferentially binds Holliday junctions (HJ) contrary to MutLα(CTD). We
identified some rearrangements of the surface surrounding the active site, which indicates altered
substrate preference. Finally, we observed in the crystal, an assembly of MutLγ(CTD) molecules in filament
structures and introduced mutations at the corresponding interfaces. From this study, we propose that
the MutL homologs possess at the molecular level structural differences that may explain their
specialization towards MMR or meiotic recombination functions.
Cannavo E, et al. (2020) Regulation of the MLH1-MLH3 endonuclease in meiosis. Nature. 2020
Oct;586(7830):618-622.
Gueneau E, et al. (2013) Structure of the MutLalpha C-terminal domain reveals how Mlh1 contributes to
Pms1 endonuclease site. Nat Struct Mol Biol 20(4):461-468.
Jiricny J. (2006) The multifaceted mismatch-repair system. Nat Rev Mol Cell Biol. May;7(5):335-46.
Kulkarni DS, et al (2020) A activates the MutLγ endonuclease to promote meiotic crossing over. Nature.
Oct;586(7830):623-627.
Sanchez A, et al. (in press) Exo1 recruits Cdc5 polo kinase to MutLγ to ensure efficient meiotic crossover
formation. Proc Natl Acad Sci U S A.

Dynamics and mechanics of DNA tethering by Non-Homologous End Joining factors and by the
MRE11/RAD50/NBS1 complex
Mauro Modesti
Abstract: DNA tethering enhances the efficiency of DNA double-strand break repair by holding broken
DNA ends in proximity. Its proper coordination is important to avoid potentially deleterious events such
as chromosomal translocations. To study DNA tethering, we use ensemble assays and a single-molecule
approach that combines dual or quadruple optical traps with controlled microfluidics and fluorescence
microscopy. Dynamics and mechanics of protein-mediated DNA tethers between individual (intact or
broken) DNA molecules are visualized in real-time by monitoring fluorescently labeled proteins, and
probed by pulling on the DNA molecules. We will present our ongoing work where we characterize and
compare the properties of DNA tethers mediated by the human Non-Homologous End Joining LIG4/XRCC4
and MRE11/RAD50/NBS1 complexes.

A novel function of RNAse H activities at arrested DNA replication forks in priming fork-resection.
Charlotte Audoynaud1, Karine Fréon1 and Sarah AE Lambert1
1. Institut Curie, Genome Integrity, RNA and Cancer Unit, Orsay 91405 France.
The completion of DNA replication upon various stresses requires DNA repair pathways. Our team has
previously reported an unexpected interplay between the non-homologous end-joining factor (NHEJ) Ku
factor and homologous recombination (HR) to ensure efficient replication fork restart and the integrity of
nascent strands at arrested forks, two events necessary to avoid genome instability upon replication
stress. Replication fork-restart by the HR machinery refers to as recombination-dependent replication
(RDR), a pathway initiated by the controlled resection of nascent strands to generate single stranded DNA
gaps on which HR factors are loaded (1). Fork-resection is a two-step process regulated by KU. An initial
resection mediated by MRN-Ctp1 removes Ku from at reversed forks, generating ~110 bp sized gaps
obligatory for subsequent Exo1-mediated long-range resection and replication restart (2). The nuclease
activity of Mre11 is largely dispensable to fork-resection, suggesting that alternative nucleases are
involved. We uncovered an unexpected role of RNAseH activities in promoting RDR. We found that the
ability of RNaseH2 to process RNA:DNA hybrids at arrested forks is necessary to initiate fork-resection.
The lack of RNaseH2 and MRN-Ctp1 activities results in a synthetic lethality upon replication stress. Our
data indicate that RNAse H2 processes Okazaki Fragment to counteract the anti-resection function of KU
at arrested forks. Our data highlight that RNA:DNA hybrids, if not processed, interfere with appropriated
fork-processing and fork-restart.

1. Tsang et al. J Cell Science 2014
2. Teixeira-Silva et al. Nature Communications 2017.
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Zuo1 supports G4 structure formation and directs
repair towards nucleotide excision repair
Alessio De Magis∗1 , Silvia Götz2 , Mona Hajikazemi1 , Enikő Fekete-Szücs3 , Stefan
Juranek1 , and Katrin Paeschke1,2,3
1

University Hospital Bonn – Germany
University of Wuerzburg – Germany
3
University of Groningen – Netherlands
2

Abstract
G-quadruplex (G4) structures are elements that fine tune biological processes. Proteins
are required to recognize G4 structures and coordinate their function. We identified Zuo1
as a novel G4-binding protein in a yeast one-hybrid screen. Biochemical and molecular
experiments in yeast confirmed that Zuo1 specifically binds to G4 structures in vitro and in
vivo. In vivo in the absence of Zuo1 less G4 structure form, cell growth slow and are UV
sensitive. Subsequent experiments revealed that these cellular changes are due to reduced
levels of G4 structure. Interestingly, Zuo1 function and binding to G4 structures results in
the recruitment of Nucleotide Excision Repair (NER) factors, which has a positive effect on
genome stability. Cells lacking functional NER as well as Zuo1 accumulate G4s structures
which are now accessible for translesion synthesis. Our results suggest a model in which
Zuo1 supports NER function and regulates the choice of the DNA repair pathway near G4
structures.

∗
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The DNA repair protein PARP3 surveys astrocytic differentiation
Jose-Manuel Rodriguez-Vargas1, Kathline Martin-Hernandez1, Wei Wang2, Nicolas Kunath2,
Rajikala Suganthan3, Jean-Christophe Amé1, Jing Ye2, Magnar Bjoras2,3*, Françoise Dantzer1.
1

Poly(ADP-ribosyl)ation and Genome Integrity, Laboratoire d’Excellence Medalis, UMR7242, Centre Nationale

de la Recherche Scientifique/Université de Strasbourg, Institut de Recherche de l’Ecole de Biotechnologie de
Strasbourg, 300 bld. S. Brant, CS10413, 67412 Illkirch, France. 2Department of Clinical and Molecular Medicine,
Norwegian University of Science and Technology (NTNU), Trondheim, Norway. 3Department of Microbiology,
Oslo University Hospital and University of Oslo, Oslo, Norway.

Originally, we and others described PARP3, the third member of the PARP family, as a key
player in strand break repair, mitotis, and tumour progression. Despite these remarkable
advances, the physiological settings in which PARP3 are involved remain unknown and are
eagerly awaited. We aimed to elucidate the role and decipher the molecular properties of
PARP3 in neurogenesis using neural progenitor stem cells (NPSC) isolated from the Parp3
knockout mice. Our work reveals a fundamental role of Parp3 in promoting striatal astrocytic
differentiation in mice that implies a tight control of Nox4-induced ROS production that
governs mTorc2 activation. In vivo, we show that the Parp3-mTorc2 axis is particularly
important in the striatum of post-natal mice and shortly after hypoxia-ischemia. Together, this
work introduces PARP3 as a molecular link between the DNA damage response program and
cell differentiation.

Homologous recombination and Mus81 promotes
replication completion in response to replication
blockage
Benjamin Pardo∗1 , Maria Moriel-Carretero2 , Andrés Aguilera3 , and Philippe Pasero4
1

Institut de Génétique Humaine, CNRS, Université de Montpellier, Montpellier, France – Institut de
Génétique Humaine (IGH) CNRS Université de Montpellier UMR 9002, CNRS : UMR9002 – France
2
Institut de Génétique Humaine – CNRS : UMR9002 – France
3
CABIMER – Spain
4
Institut de génétique humaine – CNRS : UMR9002 – France

Abstract
Impediments to DNA replication threaten genome stability. The homologous recombination (HR) pathway is involved in the restart of blocked replication forks. Here, we used
a new method to increase yeast cell permeability in order to study at the molecular level
the restart of replication in response to DNA topoisomerase I poisoning by camptothecin
(CPT).Our results suggest that HR-mediated restart at the global genomic level could occur
by a BIR-like mechanism but that the restart of DNA synthesis is not mandatory for the
completion of S phase. HR factors Rad52 and Rad51 are mainly required for protecting
blocked forks until their merging with convergent forks. The Mus81 endonuclease, previously proposed to cleave blocked forks, is not required for replication restart in S phase but
appears to be essential to resolve fork-associated recombination intermediates in G2/M as a
step necessary to complete replication. Thus, we describe here that blocked replication forks
engage recombination to ensure the completion of S phase under replication stress without
the absolute need to restart DNA synthesis.

∗
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Interplay between nucleosomes and nucleases during
DNA end resection
Boris Pfander∗1 , Martina Peritore2 , Susanne Bantele2 , and Tobias Straub3
1

Max Planck Institute of Biochemistry – Am Klopferspitz 18, 82152 Martinsried, Germany
2
Max-Planck Institute of Biochemistry – Germany
3
Biomedical Center, Ludwig Maximilians University, Munich – Germany

Abstract
DNA double strand breaks (DSBs) can be repaired by two principal cellular mechanisms
– recombination-based (such as homologous recombination, HR) and direct ligation-based
(such as non-homologous end joining, NHEJ). In mitotically dividing cells HR critically depends on the presence of sister chromatids as repair templates and hence DSB repair pathway choice is highly cell cycle regulated. Regulation occurs primarily at the level of DNA
end resection, the first step in the HR reaction. Notably, nucleosomes restrict resection
both directly and indirectly by recruiting nucleosome-associated resection inhibitors such as
Rad9/53BP1. Nucleosome remodellers – in particular Fun30/SMARCAD1– are recruited to
DSBs in order to overcome this inhibition.
Our data show how nucleosome remodellers such as Fun30 or the INO80-C complex control DNA end resection. Fun30 is under cell cycle control and targeted to DSBs in a cell
cycle-regulated manner. Such targeting is efficient long-range resection of DSBs and remarkably, allows to partially bypass the cell cycle regulation of long-range resection, if made
constitutive. This suggests that nucleosome remodelling by Fun30 is a critical and conserved
mechanism for DSB repair regulation. INO80-C additionally controls later steps such as
Rad51 filament formation, suggesting that nucleosomes control HR beyond DNA end resection.
In order to investigate the fate of nucleosomes during DNA end resection, we established
a ChIP-seq-based methodology to measure ssDNA and dsDNA binding of histones in vivo.
Our data suggest that nucleosomes are evicted during DNA end resection. A model how
nucleosomes may control steps downstream of resection will be discussed.

∗

Speaker

sciencesconf.org:dnarepair:313085

Title: Repair of oxidative DNA damage in various chromatin context: in vitro
and live cell imaging approaches
Hervé Menoni1, Dimitar Angelov2, Wim Vermeulen3, Stefan Dimitrov1 and Jan Bednar1
1
Institut pour l'Avancée des Biosciences (IAB), Centre de Recherche UGA / Inserm U 1209 / CNRS UMR
5309, Site Santé - Allée des Alpes, 38700 La Tronche ; 2Laboratoire de Biologie et Modélisation de la
Cellule (LBMC) CNRS/ENSL/UCBL UMR 5239 ;3Department of Molecular Genetics, Cancer Genomics
Netherlands, Oncode Institute, Erasmus MC, Rotterdam, The Netherlands
Endogenous and exogenous factors provoke DNA damage. Among a plethora of different types of
DNA lesions, 8-oxo-7,8-dihydroguanine (8-oxoG) is one of the most abundant (≈ 103 to 104 ) and thought
to be involved in a broad spectrum of human pathogenesis related to cancer, aging, and inflammation. The
repair of abundant oxidative DNA damage is primarily performed by the Base Excision Repair (BER). The
different steps of BER were studied in details on short pieces of naked DNA substrate. However, how BER
operates in nucleosome in various chromatin context was still unclear (e.g near the dyad of a nucleosome).
To address this challenge, we established new tools and studied the mechanisms of BER by introducing a
single 8-oxoG lesion in the DNA of reconstituted positioned nucleosomes using either conventional histone
H2A, a histone variant H2A.Bbd (giving a more open structure to the nucleosome) and in the presence of
the linker histone H1 (forming a chromatosome).
Our work disclosed that initiation of BER by glycosylases cannot overcome the nucleosomal barrier
and requires specific chromatin remodeling to stimulate the BER, namely: i) ATP-dependent chromatin
remodeler, (e.g. SWI/SNF) and ii) linker histone chaperon mediated removal.
To further understand BER mechanisms, we set up a novel technique allowing the specific
formation of 8-oxoG in various cellular compartments. This novel live-cell imaging approach revealed a
strong and very rapid recruitment of two NER-initiating factors (XPC and CSB) to sites of 8-oxoG in living
cells. Interestingly, CSB exhibited different and transcription-dependent kinetics in the two compartments
studied (nucleolus and nucleoplasm), suggesting a direct transcription-dependent involvement of CSB in
the repair of oxidative lesions associated with different RNA polymerases but not involving other NER
proteins.
Based on our latest results, we propose a model in which CSB plays a role in facilitating BER
progression at transcribed genes, probably to allow XRCC1 (an essential downstream BER factor)
recruitment to BER-intermediates masked by RNA polymerase II complexes stalled at these intermediates.

The DREAM complex functions as master regulator
of somatic DNA repair capacities
Arturo Bujarrabal Dueso∗1 , Georg Sendtner1 , and Björn Schumacher1,2
1

Cologne Excellence Cluster for Cellular Stress Responses in Ageing-Associated Diseases (CECAD),
University of Cologne – Germany
2
Center for Molecular Medicine Cologne (CMMC), University of Cologne – Germany

Abstract
DNA repair is a crucial cellular response to ensure organismal integrity. However, not
all the cells respond to the damage equally, there are differences depending on whether they
belong to somatic or germline tissues, as well as their general proliferative and differentiation
status: germ cells exhibit a highly efficient DNA repair leading to very low mutation rates
compared to somatic cells. Furthermore, dividing cells can repair double strand breaks by
using the high-fidelity homologous recombination repair, but also express the machinery required for Single Stranded Annealing and Microhomology End Joining repair. On the other
hand, quiescence cells rely only on non-homologous end joining. To repair UV-lesions, dividing cells rely more on global genome nucleotide excision repair, whereas quiescent cells use
mostly transcription-coupled nucleotide excision repair. Finally, cell cycle gene expression is
also associated with the capacity of the cell to perform long-patch base excision repair. In
C. elegans, repair pathways are highly conserved and can be easily studied in the context
of postmitotic somatic cells and the highly proliferative germline. The DREAM complex
is a highly conserved transcriptional repressor of cell cycle genes that promotes quiescence.
Using C. elegans, we have found that a deficiency in the DREAM complex leads to a gene
expression signature with a significant component of DNA repair genes upregulated in the
soma that resembles a germline expression pattern. DREAM complex deficient mutants
show a remarkable resistance and improved repair to various DNA-damaging agents, both
during development and ageing. Therefore, we propose that the DREAM complex promotes
quiescence and simultaneously represses DNA repair pathways in somatic tissues, thus limiting the repair capacity of these cells. Altering DREAM’s function could have applications
both in cancer, sensitizing cells to DNA-damage approaches, and ageing, promoting repair
in quiescent cells with accumulated damage.

∗
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Checkpoint adaptation in repair-deficient cells drives aneuploidy and
resistance to genotoxic agents
Olga Vydzhak1,2*, Katharina Bender1,2*, Julia Klermund1, Anke Busch1, Stefanie Reimann1,2,
and Brian Luke1,2,4
1
2

Institute of Molecular Biology (IMB); Mainz, 55128; Germany

Johannes Gutenberg University Mainz; Faculty of Biology, Institute of Developmental
Biology and Neurobiology; Mainz, 55128; Germany

Abstract
Human cancers frequently harbour mutations in DNA repair genes, rendering the use of DNA
damaging agents as an effective therapeutic intervention. As therapy-resistant cells often arise,
it is important to better understand the molecular pathways that drive resistance in order to
facilitate the eventual targeting of such processes. We employ repair-defective diploid yeast as
a model to demonstrate that, in response to genotoxic challenges, nearly all cells eventually
undergo checkpoint adaptation, resulting in the generation of aneuploid cells with whole
chromosome losses that have acquired resistance to the initial genotoxic challenge. We
demonstrate that adaptation inhibition, either pharmacologically, or genetically, drastically
reduces the occurrence of resistant cells. Additionally, the aneuploid phenotypes of the resistant
cells can be specifically targeted to induce cytotoxicity. We provide evidence that TORC1
inhibition with rapamycin, in combination with DNA damaging agents, can prevent both
checkpoint adaptation and the continued growth of aneuploid resistant cells.

Real-time monitoring of PARP1-dependent
PARylation by ATR-FTIR-spectroscopy
Annika Krüger1 , Alexander Bürkle1 , Karin Hauser1 , and Aswin Mangerich∗1
1

University of Konstanz – Germany

Abstract
PARP1-dependent PARylation is a highly dynamic and fully reversible post-translational
modification, which plays key roles in multiple cellular processes ranging from DNA repair,
transcription and regulation of cell death. Due to the multi-domain structure of PARP1 and
the dynamic, interdependent molecular processes during PARylation, time-resolved studies on the biochemical reaction mechanism and on structural changes of PARP1 remain
challenging. We succeeded in direct monitoring of PARP1-dependent PARylation in real
time under near-physiological conditions by using an advanced ATR-FTIR spectroscopic approach. This included (i ) the analysis of PARP1 activation by its binding to DNA damage
models, (ii ) NAD+ substrate binding, (iii ) PAR formation, and (iv ) the dissociation of
PARP1 from DNA. Analyses of PARP1 activation at various types of DNA strand breakmimicking oligonucleotides demonstrate that PARylation and PARP1 dissociation correlate
positively. Strikingly, PARylation and PARP1 dissociation were most efficient at DNA nicks
and 3’ phosphorylated ends. Besides ‘auto-PARylation’ of PARP1, we identified streptavidin
as a non-canonical PARylation target.This was mediated by its close proximity to activated
PARP1 at the crystal surface, and which served as a read-out of PARP1 PARylation activity
in this study. Moreover, by examining dynamic structural changes of PARP1, we provide
detailed information on the molecular mechanisms during distinct steps of the PARylation
reaction. Our data reveal NAD+-binding induced structural changes of PARP1, which are
similar to binding of clinical PARP inhibitors. In summary, the unique methodological approach of this study enables direct and holistic insights into PARP1-dependent PARylation
including its underlying biochemical and structural processes at an unprecedented molecular
level and temporal resolution.

∗
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Investigation of DNA double-strand break induction
by oxidative stress
Daniel Pfeffel∗1 , Michael Ensminger1 , and Markus Löbrich1
1

Department of Biology, Technische Universität Darmstadt – Germany

Abstract
The ability of reactive oxygen species (ROS) to compromise genomic integrity is often
connected to carcinogenesis and aging. Single-strand breaks (SSBs) and base modifications
such as 8-oxoguanine (8-oxoG) are the main lesions generated by oxidative stress, although
double-strand breaks (DSBs) can also arise. We demonstrated previously that methylated
base lesions can lead to the formation of DSBs during S phase. The DSBs arise when replication forks interfere with SSBs formed during base excision repair (BER) of these methylated
bases. To test whether oxidative base lesions can cause DSBs by a similar process, we investigated DSB formation after treatment with H2O2. Our results were obtained by cell
cycle specific immunofluorescence microscopy and quantifying the amount of γH2AX foci as
a marker for DSBs. We showed that H2O2 induces γH2AX foci exclusively in S-phase cells.
To confirm that DSBs arise in a replication-dependent manner, cells were treated with a DNA
polymerase inhibitor. Under these replication-inhibiting conditions, the number of H2O2induced γH2AX foci decreased significantly. We also analyzed cells treated with a specific
inhibitor of the 8-oxoG glycosylase (OGG1), which initiates BER by removing the damaged
base. When cells lack the ability to remove 8-oxoG, S-phase cells showed fewer γH2AX foci
compared to cells not treated with an OGG1 inhibitor. In contrast, PARP1-inhibited cells,
which accumulate SSBs after H2O2-treatment, showed increased numbers of γH2AX foci.
Interestingly, the amount of foci also decreased when RNA polymerase II was inhibited, indicating an involvement of transcription in addition to replication and BER. We speculate that
SSBs induced during BER of oxidized bases can lead to a stalling of RNA polymerase II. The
stalled polymerase may then promote a replication-transcription conflict leading to the formation of DSBs. Thus, we currently investigate if H2O2-induced DSBs form predominantly
in transcribed genomic regions.
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Cold shock protein YB-1 mediates radioresistance by
stimulating homologous recombination and
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Abstract
Cold shock protein Y-box binding protein-1 (YB-1) is one of the rare proteins that regulates cellular signaling pathways involved in every cancer hallmark. Previously, we could show
that YB-1 expression stimulates repair of ionizing radiation (IR)-induced DNA double strand
breaks (DSB). Likewise, exposure to IR induces phosphorylation of YB-1 at Ser-102 in KRAS
wild-type tumor cells mainly through epidermal growth factor receptor (EGFR) downstream
signaling cascades, PI3K/AKT and MAPK/ERK. In KRAS -mutated cells, YB-1 is constitutively phosphorylated, independent of EGFR and is not stimulated by IR (Toulany et al.
Breast Cancer Res. 2011).
The present study shows that YB-1 is highly phosphorylated in tumor tissues compared to
the corresponding normal tissues from breast cancer and colorectal cancer patients. In the
established cell lines from both tumor entities, phosphorylation of YB-1 at Ser-102 located
in the cold shock domain of the protein was shown to be dependent of p90 ribosomal S6
kinase (RSK) under non-stimulated condition as well as following irradiation and/or stimulation with EGFR ligands. Ser-102 phosphorylation of YB-1 in the nuclear fraction was
independent of the cytoplasmic fraction. Phosphorylation of YB-1 was found to be essential
for YB-1 mediated DSB repair and radioresistance. Function of YB-1 in DSB repair was
demonstrated to be through stimulating the homologous recombination (HR) and alternative
non-homologous end joining (alt-NHEJ) repair pathways. In line with this observation, proteomic analysis revealed that YB-1 regulates the expression of few proteins that are involved
in the DSB repair pathways. Together, according to this study, targeting YB-1 or RSK may
improve radiotherapy outcome by inhibiting DSB repair. The underlying mechanisms by
which YB-1 stimulates the HR and alt-NHEJ repair pathways are currently under investigation in our laboratory.
This study was supported by a grant from the Deutsche Forschungsgemeinschaft (TO 685/2-1
to M. Toulany)
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The herbal compound methyleugenol causes DNA
damage-dependent replication stress and triggers
caspase-dependent mitochondrial apoptosis
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Abstract
Methyleugenol (ME) is a phenylpropanoid occurring in many plants, particularly spices
and medicinal plants. Furthermore, it is used as flavoring agent in cosmetics and food. Following its uptake, ME undergoes CYP450- and sulfotransferase 1A1 (SULT1A1)-dependent
metabolic activation, resulting in a DNA reactive carbocation. Although ME is an established carcinogen, little is known about the DNA damage response (DDR) triggered by ME.
To study the cellular responses to ME, we made use of SULT1A1-proficient V79 hamster
fibroblasts, human HCT116 colon and HepG2 liver cancer cells as well as primary murine hepatocytes. Firstly, mass spectrometry showed a time- and concentration-dependent formation
of N2-MIE-dG as main adduct in all cell lines, which strongly depended on SULT1A1 expression. Concomitant with DNA damage induction, the ATR-mediated DDR was activated as
attested by phosphorylation of CHK1, p53 and histone 2AX (γH2AX). Pharmacological inhibition of ATR partially reversed these effects. Notably, accumulation of p53 and formation of
γH2AX were also detected in primary murine hepatocytes. In line with the ATR-CHK1-p53
activation, ME treatment decreased replication speed and caused replication fork stalling
as shown by a DNA fiber assay. ME reduced viability in all cell lines and triggered cell
death, which was augmented by ATR inhibition or ATR knockdown. The mode of cell death
was detailed in HepG2 cells by flow cytometry, revealing apoptosis as major pathway. ME
stimulated caspase-9 and caspase-3 cleavage as demonstrated by western blot analysis and
activity measurements, while caspase-8 was unaffected. In consistency, the p53-responsive
genes NOXA and PUMA involved in mitochondrial apoptosis were strongly upregulated together with other p53 target genes such as GADD45a, p21 and MDM2. Taken together,
our study demonstrated that ME causes DNA damage-dependent replication stress, which
is curtailed by the ATR-CHK1-p53 axis, and finally triggers mitochondrial apoptosis.
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TopBP1 condensation drives ATR/Chk1 signal
amplification.
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Abstract
DNA lesions are sensed and signaled via the assembly of sensor, mediator and effector
proteins into sub-nuclear compartments visualized as foci by immunofluorescence staining.
The mechanisms and the functions of protein compartmentalization in the execution of DNA
damage responses remain elusive. A variety of cellular compartments, defined as bimolecular condensates, are not delimited by a phospholipid membrane and form via liquid phase
separation of scaffold proteins. Phase separation is a physical process of macromolecules demixing, used by cells to concentrate specific proteins into condensates, increasing reaction
rates or achieving fine regulation. Here, we explored the role of protein condensation in the
activation and signal amplification of the master checkpoint kinase ATR. ATR is activated
by TopBP1, a multivalent scaffold protein. TopBP1 includes nine BRCT protein interaction
motifs and a low-complexity ATR activation domain (AAD). Using a combination of tailored
cell biological and biochemical approaches, we obtained evidence that TopBP1 condensation
drives ATR signaling. We used an opto-genetic approach to connect TopBP1 phase separation with activation of the ATR/Chk1 signaling cascade in living cells. A point mutation in
TopBP1 AAD, essential for ATR activation, affects TopBP1 condensation and abolishes Chk1
phosphorylation, yet preserves TopBP1 association with ATR. Moreover, post-translational
modifications on TopBP1 seem to be crucial regulators of TopBP1 condensation. In vitro,
we show that purified recombinant TopBP1 forms nm-sized condensates, under physiological
pH and salt conditions. We propose that the regulated formation and dissolution of TopBP1
biomolecular condensates determine cellular resilience to DNA replication stress.
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Abstract
Response and resistance to anticancer therapies vary owing to inter- and intra-tumour
heterogeneity. Aberrant gene activity and genome instability are key processes in cancer
development. Here we developed a quantitative, high-throughput chromatin immunoprecipitation sequencing methodology to map differentially enriched in G-quadruplex (G4) DNA regions (DG4Rs). We applied the method to 22 breast cancer patient-derived tumour xenograft
(PDTX) models. As a proof-of-concept and by solely using DG4R abundance and location,
we were able to stratify the PDTX models into at least two cancer subtypes; in agreement
with their integrative cluster status (IC) previously derived from genomic and transcriptomic
profiling of 2,000 primary breast cancers. Owing to the ˜1000-fold increased genomic resolution of DG4R relative to copy number aberration profiling, DG4Rs revealed the existence of
more complex breast cancer subtypes. We show that DG4Rs are more abundant in aggressive
triple-negative or IC9/10 than estrogen receptor-positive IC1/8 breast cancers, particularly
at the promoter of amplified and highly expressed genes. Furthermore, we demonstrate for
the first time that DNA G4s and copy number amplifications are coupled phenomena in cancer. DG4Rs associate with breast cancer transcription factor occupancy and have revealed
two mutually exclusive distinct transcription factor programs associated with triple-negative
or estrogen receptor-positive tumours. We demonstrate here that increasing G4 DNA content in amplified loci identifies breast cancers that are more sensitive to small molecules
that target G4s. Thus, G4 DNA landscapes mirror tumour genome heterogeneity and mark
cancer subtypes, enabling cancer stratification and treatment.
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Abstract
The BRCA2 protein was first described as an essential actor of DNA repair by HR during the S/G2 phases of the cell cycle. In mitosis,it also contributes to the spindle assembly
checkpoint, and then localizes to the midbody and facilitates cell division. Despite the accumulated knowledge about BRCA2 functions, the molecular mechanisms associated to these
functions are poorly described. This is in part due to the disordered character of BRCA2,
which lacks well-folded regions with defined targets. Within the 3418 aa of BRCA2, only one
single globular DNA-binding domain has been identified. Interactions involving disordered
regions remain difficult to identify because the docking sites cannot be accurately predicted
using bioinformatics tools. Yet, the lack of well-structured binding sites provides unique
functional opportunities for BRCA2 to bind to a large set of partners in a tightly regulated
manner. We have observed that, within the disordered regions of BRCA2, a set of short fragments (20-30 aa) are highly conserved (see for ex Julien et al. Biomol NMR Assign 2020).
Their large solvent-accessibility favors phosphorylation by among others, cyclin-dependent
kinases and Polo-like Kinase 1. First reports, including our recent paper available in BioRxiv
(Ehlen, Julien et al.https://doi.org/10.1101/265934), suggest that these fragments are not
essential for HR, but contribute to BRCA2 function in mitosis and meiosis. NMR is uniquely
positioned to characterize disordered protein binding properties and quantitatively monitor
phosphorylation at the residue level (Julien et al., MiMB in press). I will here demonstrate
that, by combining NMR, mass spectrometry and ITC, we have been able to identify phosphorylation sites within conserved regions, as well as new phospho-dependent partners for
these regions. In parallel, the group of A. Carreira has revealed the cellular consequences of
these phospho-dependent events in the course of mitotic progression.
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Automated screening for oxidative or
methylation-induced DNA damage in human cells
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Abstract
The assessment of genotoxicity upon exposure to chemical and environmental agents
plays an important role in basic research, as well as in pharmaceutical, chemical, cosmetic
and food industry. Low sensitivity and a lack of inter-laboratory comparability are considered problematic issues in current genotoxicity testing. Previously, we have developed an
automated version of the ‘Fluorimetric Detection of Alkaline DNA Unwinding’ (FADU) assay as a high-throughput screening method for the detection of DNA strand breaks in living
cells (Moreno-Villanueva et al., 2009). Here we report an enzyme-modified version of the
automated FADU assay for determination of oxidative and methylation lesions in cellular
DNA. Our new assay version is based on the use of formamidopyrimidine DNA glycosylase
or human alkyladenine DNA glycosylase for the detection of chemically induced nucleobase
modifications in lysates of immortalised cell lines growing in suspension or as adherent cells,
and peripheral blood mononuclear cells. We could show that upon treatment with sub-lethal
doses of known genotoxins, oxidative and methylation lesions are readily detectable. Viewed
together, our fast, inexpensive and convenient method could be useful as a high-content
screening for the sensitive and specific assessment of genotoxicity in human cells. Furthermore, we show the functionality of this method for different cells, which may provide an
opportunity for population studies and/or mechanistic research into DNA repair pathways.
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Abstract
Homologous recombination (HR) is an evolutionary conserved process that plays a prominent role in genome plasticity, controlling the balance genetic stability/diversity. The pivotal
step of HR, i.e. DNA homology search and strand exchange, is governed by the RAD51ssDNA (single-stranded DNA) filament that must be well ordered, thus representing the
actual active species of HR. HR impairment is linked to human developmental syndromes
and cancer. However, since Rad51 is an essential gene in mouse, the consequences of functional disruption of RAD51 remains to be studied in vivo. Here wedeveloped an inducible
dominant negative form of RAD51 to poison HR in vivo. We show that functional inactivationof RAD51 in growing mice (starting from 12 to 14 days after birth) leads to replicative
stress and triggers asystemic inflammatory response causing mouse death within few days.
Chronic RAD51 functional disruption in adult mice induces premature aging phenotypes
andreduced lifespan. Overall, although in vivo HR disruption generated phenotypes that are
hallmarks of cancer (replicative stress, genomic instability and inflammation), it resulted in
premature aging prior to potential tumorigenesis.
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The yeast heterochromatin protein Sir3 physically
interacts and inhibits Sae2
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Abstract
Heterochromatin, which is highly condensed and restricts DNA transaction, is a conserved
feature of eukaryotic chromosomes, with central roles in regulation of gene expression and
maintenance of genome stability. How DNA repair occurs in heterochromatin remains poorly
described. In Saccharomyces cerevisiae, the Silent Information Regulator (SIR) complex assembles a compact chromatin fiber at subtelomeres. Previous work of our lab has shown
that SIR-mediated repressive chromatin limits DSB resection protecting damaged chromosome ends against genetic information loss1. However, which of the three redundant resection
complexes, MRX-Sae2, Exo1 and Sgs1-Dna2 are inhibited and by which mechanism remains
to be deciphered. Here show that Sir3, the histone-binding factor of yeast heterochromatin,
physically interacts with Sae2 and inhibits its functions. Notably, this interaction limits
Sae2-mediated resection, delays MRX removal from DSB ends and promotes NHEJ. Altogether SIR mediated inhibition of extensive resection and of Sae2 promotes NHEJ and limits
break-induced replication preventing loss of heterozygosity at subtelomeres. Reference: [1]
Batté A, Brocas C, Bordelet H, Hocher A, Ruault M, Adjiri A, Taddei A, Dubrana K (2017)
Recombination at subtelomeres is regulated by physical distance, double-strand break resection and chromatin status. EMBO J 36:2609–2625. doi: 10.15252/embj.201796631

∗

Speaker

sciencesconf.org:dnarepair:308273
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Abstract
Chromatin organization plays an important role in the maintenance of genome stability. Among chromatin core components, the histone variant H3.3 affects the repair of DNA
double-strand breaks (DSBs) and the stability of damaged replication forks. Furthermore,
point mutations in H3.3 have been identified as drivers of tumorigenesis. Beyond their impact on gene expression, some of these mutations were recently shown to affect DSB repair
and fork stability.
However, a comprehensive understanding of how H3.3 mutations, especially the glioblastomaassociated ones, affect DSB repair, induce genome instability and thus contribute to tumorigenesis is lacking.
To tackle this question, we generated human cell lines that stably express some of the most
frequently-found H3.3 mutations and we analyzed their response to a panel of DNA damaging agents. Interestingly, we observed that the repair of S-phase DNA damage was altered
upon expression of several glioblastoma-associated H3.3 mutants compared to cells expressing
wild-type H3.3. Altered DNA repair correlated with a specific pattern of genome instability
and cellular survival upon treatment with DNA damaging agents.
By dissecting the mechanisms whereby glioblastoma-associated H3.3 mutations impact the
repair of S-phase damage, we revealed that the effect of these mutations on altering DNA repair is distinct from their previously described roles in abolishing histone post-translational
modifications. In addition, we uncovered a previously unknown incorporation of H3.3 at
damaged replication forks, paving the way for future mechanistic studies aimed at dissecting
how H3.3 mutations drive genome instability ensuing from S-phase damage. These studies
not only provide new molecular bases for the crosstalk between chromatin factors and the
DNA repair machinery but also contribute to dissect the oncogenic potential of H3.3 mutations.
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Abstract
Maintenance of genome integrity is crucial for appropriate development and disease prevention. Increased replicative stress has been proposed to be the main source of genomic
instability in neural progenitor cells. Replication stress response (RSR) is mediated by the
ATRIP-ATR complex and its downstream effectors that activate cell-cycle arrest, DNA repair and/or cell death. Mutations in ATR or ATRIP lead to the Seckel syndrome that is
characterized by severe neurodevelopmental defects, including retinal malformations. The
molecular machinery mediating RSR in retinal neural progenitor cells and the consequences
of defective RSR to central nervous system (CNS) are poorly understood. Here, we evaluated
the function of Atrip during retinal development. In retinal progenitor cells, ATRIP is required to prevent endogenous DNA damage accumulation and apoptosis. Moreover, ATRIP
loss impairs retinal neurogenesis, leading to lamination defects, photoreceptor neurodegeneration and blindness. Finally, we obtained mechanistic insights by demonstrating that double
inactivation of ATRIP and Trp53 rescued these phenotypes. Our findings reveal an essential
role for ATRIP during retinal and CNS development.
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Abstract
Early embryogenesis of fast cleaving embryos is characterised by contracted cell cycle
and inefficient DNA damage checkpoints. In early C. elegans and X. laevis embryogenesis
checkpoint inhibition is a consequence of upregulated error-prone DNA damage tolerance involving translesion DNA synthesis (TLS) which limits replication fork arrest in front of DNA
lesions, and implying a possible occurrence of mutagenesis. In the aim to determine the contribution of TLS in mutagenesis during the replication cycles of early embryos, we have taken
advantage of two biochemically and genetically amenable model organisms such as Xenopus
laevis and Drosophila melanogaster. By measuring mutagenesis during the early embryonic
replication cycles of Xenopus laevis, we have observed a mutation rate much higher than
that of somatic cells, and within the range of that observed for TLS polymerases. Notably,
the occurrence of these mutations depends upon the activity of the Rad18 ubiquitin ligase, a
master TLS regulator. Since Rad18 is involved in homologous recombination, we have used
separation of function mutants and found a differential contribution of Rad18 in the nature
and frequency of mutations. These results indicate that the occurrence of mutations depends on both Rad18-mediated TLS and homologous recombination activities. In addition,
reduction of TLS activity in early Drosophila embryogenesis resulted in a significant decrease
of SNPs accumulation on specific chromosome regions in the adults. On the whole, these
findings demonstrate that TLS is active and mutagenic in early Xenopus and Drosophila embryos. This may constitute a novel mechanism generating genetic diversity and contributing
to the polymorphisms in each individual.
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Abstract
The ribosomal DNA (rDNA) represents a particularly unstable locus undergoing frequent
breakage. DNA double-strand breaks (DSBs) within rDNA induce both rDNA transcriptional repression and nucleolar segregation, but the link between the two events remains
unclear. Here we found that DSBs induced on rDNA trigger transcriptional repression in
a cohesin- and HUSH (human silencing hub) complex-dependent manner throughout the
cell cycle. In S/G2 cells, transcriptional repression is further followed by extended resection within the interior of the nucleolus, DSB mobilization at the nucleolar periphery within
nucleolar caps, and repair by homologous recombination. We showed that nuclear envelope
invaginations frequently connect the nucleolus and that rDNA DSB mobilization, but not
transcriptional repression, involves the nuclear envelope-associated LINC complex and the
actin pathway. Altogether, our data indicate that rDNA break localization at the nucleolar
periphery is not a direct consequence of transcriptional repression but rather is an active
process that shares features with the mobilization of persistent DSB in active genes and
heterochromatin
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Abstract
Genome integrity must be preserved to warrant cell fitness, therefore cells challenged with
genotoxic stress activate the DNA damage response (DDR) to coordinate cell cycle arrest
with repair. This occurs within the cell nucleus and is therefore confined by the nuclear
membrane. We tend to draw the nuclear membrane as a closed sphere only interrupted by
the nuclear pores. Yet, the nuclear membrane is a continuum with the Endoplasmic Reticulum (ER), therefore we explored whether the biology of the ER was important for genome
integrity preservation. We found that genotoxic stress triggers a perinuclear ER-based remodeling of the metabolism of lipids that re-shapes the nuclear membrane composition. This
has a direct impact on the establishment of the DDR. In particular, we demonstrate by pharmacological and genetic approaches both in S. cerevisiae and in cultured human cells that the
inability to remove sterols from the membrane maintains a permanent DDR activation, thus
preventing adaptation. We dissect the lipids involved in this control and their targets within
the DNA damage sensing and repair cascade. We prove that the tolerance (permissiveness)
to DNA damage can be tailored by externally provided lipids or inhibitors of lipid synthesis. Therefore, these interventions directly impact on the degree of genome integrity. Our
findings posit the unprecedented notion that the lipids master the DDR, a signaling cascade
up-to-here considered to be exclusively controlled by proteins. As an exciting perspective,
these findings also make emerge the molecular bases of why obesity and high fat diet are risk
factors in the promotion of pathologies associated with genome instability.
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Abstract
Genome of all living cell can be altered in several manners: DNA lesions such as abasic
sites, DNA adducts, DNA crosslinks (intra- or inter-strand), DNA-protein crosslinks, presence or ribonucleotides... These damages, if not repaired will interfere with DNA replication,
altering its fidelity, or blocking it.
In order to study in detail the mechanisms of replication of such DNA alterations, we have
developed a method by which we insert/integrate a modified DNA into a specific site of the
yeast genome. This is achieved by the site-specific integration of a modified plasmid at a
chosen locus of the yeast genome, through the use of the Cre/lox recombination system.
In the present work, we have used our method to insert two different single UV lesions into
the yeast genome, and studied how is regulated the balance between error-free and errorprone lesion bypass. We show the involvement and the interplay of different specialized DNA
polymerases in the bypass of the lesions by translesion synthesis (TLS). More interestingly,
we show that the inhibition of homologous recombination, either directly (by the inactivation
of rad51 recombinase) or through its control by preventing the poly-ubiquitination of PCNA
(ubc13 mutant) leads to a strong increase in the use of TLS. We have also investigated the
role of Rad5 protein and its multiple functions (interaction with Rev1, helicase and ubiquitine ligase), and show that point mutations in these different domains greatly affect the
balance between error-free and error-prone lesion bypass.
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DNA structure-specific cleavage of DNA-protein
crosslinks by the SPRTN protease
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Abstract
Covalent DNA-protein crosslinks (DPCs) are highly toxic DNA lesions that interfere with
essential chromatin transactions such as replication and transcription. DPCs are induced by
various exogenous agents as well as by endogenously produced reactive metabolites. DPC
repair by DNA-dependent proteases has emerged as an essential genome maintenance mechanism required for cellular viability and tumour suppression. The DPC protease SPRTN
is inactive in vitro when incubated on its own, but becomes strongly activated upon DNA
binding. DNA is thought to act as a scaffold bringing substrate and enzyme together, which
thereby triggers unspecific substrate degradation. However, how proteolysis is restricted to
the crosslinked protein while leaving surrounding chromatin proteins unharmed has remained
unknown.
We will present data demonstrating that SPRTN achieves specificity by recognition of DNA
context, which is directly coupled to DPC cleavage. We employ newly-developed model
substrates - defined DNA-protein conjugates - to probe SPRTN’s protease activity in different scenarios. Using this setup, we establish through various lines of experiments that
SPRTN becomes specifically activated at disruptions within double-stranded DNA. Furthermore, our study suggests that specificity is achieved by a unique mechanism, which relies
on a bipartite strategy employing two distinct DNA binding domains: one domain recognizes double-stranded DNA in an unspecific manner, a second unusual zinc-binding domain
recognizes unpaired bases at the aforementioned disruptions. This novel type of regulatory
mechanism results in a tight spatial restriction of SPRTN’s activity, which allows degradation of crosslinked proteins in a controlled and safe manner.
In summary, our results challenge the current paradigm that DPC proteases are unspecific
enzymes, provide a mechanistic explanation for SPRTN’s specificity and explain how one
enzyme can process diverse protein adducts, while leaving surrounding proteins unharmed.
Importantly, our results also consolidate previous seemingly conflicting data on SPRTN’s
activation by different types of DNA into a unifying model.
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RAP80 regulates double strand break end resection and repair pathway choice through
targeting EXO1 to proteasomal degradation
Malte Siegmund1, Ali Bakr1, Stefanie Meien1&2, Cordula Petersen3, Kai Rothkamm1 and Wael
Mansour1&3
1Lab
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Abstract
RAP80 (receptor-associated protein 80) is a ubiquitin-binding protein that recognizes and binds to
poly-ubiquitin chains. RAP80 was found to form a complex with BRCA1 to restrict double strand
break (DSB) end resection, thereby limiting homologous recombination (HR). Here, we firstly
recapitulated this by showing that RAP80 depletion in A549 cells significantly increases the
recruitment of RPA and RAD51 to DSB ends, committing the repair to HR. Moreover, we showed
that RAP80 depletion enhances RAD51 loading and rescues HR in BRCA1-deficient HCC1937
cells, indicating a hitherto undescribed BRCA1-independent role for RAP80 in limiting the end
resection process. No difference in the recruitment of the end protection factors 53BP1 and RIF1
was observed in BRCA1 wildtype or deficient cells. Using IF and electron microscopic analyses,
significantly more intense RPA foci were observed in RAP80-depleted cells compared to wildtype
ones, indicating excessive DSB end resection in the absence of RAP80. Next, the stability of all
nucleases (MRE11, CtIP, EXO1, DNA2, BLM) involved in DSB end resection was analyzed in
CRISPR/Cas9-mediated RAP80 knock-out cells. Whilst MRE11, CtIP and EXO1 were found to be
degraded after IR in wildtype cells in a time-dependent manner, we report here for the first time
that EXO1 exonuclease is stabilized in RAP80 knock-out cells, which leads to the uncontrolled
progression of DSB end resection. The RAP80-dependent degradation of EXO1 was further
confirmed using a ubiquitination assay in the presence or absence of the proteasome inhibitor
MG-132, showing a rapid degradation of EXO1 after IR in wildtype but not in RAP80 knock-out
cells. The degradation of EXO1 was found to be regulated by a direct interaction between RAP80
and EXO1. Collectively, we report here a novel function for RAP80 in limiting end resection and
hence regulating DSB repair pathway choice by targeting EXO1 nuclease to proteasomal
degradation.

The TFIIH subunits p44/p62 act as a damage sensor during
nucleotide excision repair
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Abstract
Nucleotide excision repair (NER) in eukaryotes is orchestrated by the general
transcription factor TFIIH, composed of a core complex containing the helicases XPB,
XPD, and five ‘structural’ subunits, p62, p44, p34, p52 and p8. Recent cryo-EM
structures show that p62 makes extensive contacts with p44 and in part occupies
XPD’s DNA binding site. While p44 is known to regulate the helicase activity of XPD
during NER, p62 is thought to be purely structural. Here, using helicase and ATPase
assays we show that a complex containing p44 and p62 enhances XPD’s affinity for
dsDNA 3-fold over p44 alone. Remarkably, the relative affinity is further increased to
60-fold by dsDNA damage. Direct binding studies show this preference derives from
p44/p62’s high affinity (20 nM) for damaged ssDNA. Imaging single molecules of
p44/p62 complexes without XPD reveals they bind to and randomly diffuse on DNA,
however, in the presence of UV-induced DNA lesions these complexes stall.
Combined with the analysis of a recent cryo-EM structure, we suggest that p44/p62
acts as a novel DNA-binding entity that enhances damage recognition in TFIIH. This
revises our understanding of TFIIH and prompts investigation into the core subunits
for an active role during DNA repair and/or transcription.
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Direct and base excision repair-mediated control of
transcriptional activation by 5-formylcytosine and
5-carboxycytosine in a GC-rich cis element
Nadine Müller∗1 , Thomas Carell2 , and Andriy Khobta1
1

2
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Abstract
5-formylcytosine (5-fC) and 5-carboxycytosine (5-caC) are generated during active DNA
demethylation by stepwise oxidation of the epigenetic mark 5-methylcytosine (5-mC). Removal of 5-fC and 5-caC by the thymine DNA glycosylase (TDG)-initiated base excision
repair (BER) may provide a mechanism for reactivation of epigenetically silenced genes;
however, actual functions of 5-fC and 5-caC at defined loci and the role of BER in the gene
expression control are not clear. Using reporter constructs containing synthetic cytosine
modifications at the CG-dinucleotide of the cAMP response element (CRE), we previously
demonstrated that BER-resistant 2-fluorinated analogues of 5-fC and 5-caC slightly inhibit
gene expression, alike 5-mC. Remarkably, the physiological 2-deoxy counterparts displayed
more profound negative effects on the gene expression by inducing an indirect silencing mechanism attributed to the base excision and DNA strand cleavage [1]. To distinguish between
the direct and BER-mediated effects of 5-fC and 5-caC on the activity of two different cis
regulatory gene elements – a GC-poor CRE (5-TGACGTCA) and a GC-rich GC box (5GGGCGGAG) – we generated TDG knockout cell lines. TDG deficiency abolished the gene
silencing induced by 5-fC and 5-caC in CRE, exactly as 2-fluorination did previously. In
the GC box, 5-fC and to an even higher degree 5-caC (but not 5-mC) stably inhibited transcriptional activity, thus indicating that 5-fC and 5-caC have direct repressive functions. In
the isogenic TDG proficient cells, both 5-fC and 5-caC further induced a time-dependent
transcriptional silencing, as in CRE. However, for a limited time interval, 5-caC enhanced
the gene expression to levels slightly exceeding those observed in the TDG knockout. We
suggest that in the GC-rich promoter this transient activation could provide an opportunity
for switching from a gene silencing program towards transcriptional activation.
Kitsera et al. (2017) Nucleic Acids Res. 45: 11033
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The role of RNA:DNA hybrids in replication fork
processing in fission yeast
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Abstract
DNA replication is a vulnerable cellular process constantly threatened by replication fork
barriers leading to the slowdown or the arrest of replication forks. One of the major structures
likely to impair fork progression are R-loops i.e. co-transcriptionally forming RNA:DNA hybrids. Recently, these structures were proposed to occur as transient intermediates during
DNA double-strand break repair by homologous recombination (HR) [1]. Even though this
model has been discussed [2, 3], current models agree to say that RNA:DNA hybrid degradation is a key step for HR-mediated repair. Interestingly, whereas HR has been extensively
studied for its role in double-strand break repair, recombination factors are also required to
stabilize and restart arrested forks. To further characterize those factors, a genetic screen
was performed in the lab to identify genes involved in HR-mediated fork restart. Among all
genes found to be required for this process, up to one third were genes coding for transcription factors, RNA binding proteins or proteins related to the siRNA-mediated gene silencing
pathway. Taken all together, these observations pinpoint a link between RNA biology and
the processing of dysfunctional replication forks by HR.
Here, we ask whether RNA:DNA hybrids processing could play a role in HR-mediated replication fork processes, in Schizosaccharomyces pombe. To do so, we work with cells deficient
for RNase H1 and H2, two enzymes catalyzing RNA:DNA hybrid removal and we are using genetic and molecular assays to investigate dysfunctional fork-resection and subsequent
restart in these mutants. Our data suggest that RNA:DNA hybrids accumulate at arrested
forks in cells lacking RNase H activity. Further investigations show that in the absence
of the RNase H2 enzyme, RNA:DNA hybrids presence counteract the resection step of the
fork restart process. This makes RNase H2 a new regulating factor in fork-resection initiation. It was previously reported by the lab that the non-homologous end joining factor Ku
fine-tunes HR-mediated fork-restart [4]. We propose that RNase H2 functions in initiating
fork-resection by promoting Ku eviction from the reversed arrested-fork.
[1] Ohle et al., Cell, 2016.
[2] Michelini et al., Nat Cell Biol., 2017.
[3] Cohen et al., Nat Commun., 2018.
[4] Teixeira-Silva et al., Nat Commun., 2017.
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Relocation to nuclear pore complexes and
Pli1-mediated sumoylation modulates replication
fork restart.
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Abstract
Recombination-dependent replication (RDR) preserves replication fork integrity and competence (1,2). DNA repair occurs within tightly compacted chromatin and relocation of DNA
lesions to nuclear pore complexes (NPC) promotes alternative repair (3). Using an inducible
Replication Fork Barrier (RFB) we found that dysfunctional forks relocate to NPC in Sphase. Active RFB remains anchored at NPC for ˜20 minutes, the time required to complete
RDR (4,5). Targeting of arrested forks to NPC needs initial end-resection proteins (MRN,
Ctp1) and subsequent remodeling by the recombination factors (Rad52, Rad51, Fml1). Relocation of RFB to NPC depends also on sumoylation and Slx8 sumo targeted ubiquitin ligase
(STUbL) activity. Interestingly, efficient fork restart requires functional STUbL. We identified two nucleoporins from Y-complex (Nup132 and its paralog Nup131) to be important for
RFB anchoring to the nuclear periphery. Furthermore, we show that Nup132 is involved in
promoting error-prone DNA synthesis associated to RDR, post-anchoring of RFB to NPC.
We also present that Pli1 (PIAS E3 SUMO ligase)-dependent sumoylation is responsible for
RDR defects in cells devoid of Nup132 or Slx8. We thus propose that relocation to NPC is
an integral part of RDR ensuring efficient fork restart.
1. Ait Saada A., Teixeira-Silva A., Iraqui I., Costes A., Hardy J., Paoletti G., Freon K.,
Lambert S. Mol Cell, 2017,66 :398-410
2. Teixeira-Silva A., Ait Saada A., Hardy J., Iraqui I., Nocente M., Freon K., Lambert
S. Nature Comm, 2017,8:1982
3. Freudenreich C., Su X. FEMS. Yeast Res, 2016,16,fow095
4. Miyabe I., Mizuno K., Keszthelyi A., Daigaku Y., Skouteri M., Mohebi S., Kunkel T.,
Murray J., Carr A. Nat Struct Mol Biol ., 2015,22(11):932-8
5. Nguyen M., Jalan M., Morrow C., Osman F., Whitby M. eLife, 2015,4:e04539
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Structural and functional insights on the NHEJ
network around the Ku-DNA hub
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Saclay, 91191 Gif-sur-Yvette – France
3
Laboratoire Leon Brillouin – Laboratoire Léon-Brillouin, UMR 12 CEA-CNRS – France
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Abstract
Chemotherapy or radiotherapy treatments aim at generating DNA double-strand breaks
(DSBs). Tumor cells are more sensitive to DSBs than healthy cells due to their phenotype
and genotype [1]. One important axis in radiobiology is to combine radiation therapy with
inhibitors of the DNA repair pathways to increase radio-sensitivity and overcome radiation
resistance of some cancer cells [2]. Our objectives is to unveil the molecular mechanism off
the NHEJ pathway (Non Homologue End Joining) and to characterize new specific inhibitors
of this pathway. Several recent studies showed a central role of Ku70-Ku80 heterodimer in
the NHEJ for DSB recognition and in downstream DNA events (processing and ligation
steps). Ku can recruit several enzymes of the NHEJ pathway through direct interactions
and thus acts as a hub that coordinates the whole NHEJ pathway [3]. Many interactions
involve motifs called KBM (Ku Binding Motif).
Our laboratory recently determined the first crystal structures of Ku-DNA complexes in interaction with peptides containing the KBM. We thus determined the structure of Ku-DNA
with the KBM of the ligation factor XLF and of the processing factor APLF [4]. Our objectives is now to further characterize the interaction network mediated by Ku in the NHEJ.
The poster presents our recent progress on the interactions between Ku and the NHEJ factors
(peptides or domains) containing a KBM: the ligation factor PAXX and the WRN helicase
[5]. We characterized the affinity of several PAXX and WRN KBMs with Ku by ITC. We
also present our progress on the analyses of Ku-DNA-KBMs complexes by combining SAXS,
Crystallography and Electron microscopy.
1. Luo et al., ”Principles of cancer therapy: oncogene and non-oncogene addiction”, Cell
136, 823-837 (2009).
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2. Morgan and Lawrence, ”Overcoming Radiation Resistance by Targeting DNA Damage
Response Pathways”, Clin. Cancer Res. 21, 2898-2904 (2015).
3. Frit et al., ”Plugged into the Ku-DNA hub: The NHEJ network”, Prog. Biophys. Mol.
Biol. S0079-6107, 30251-7 (2019).
4. Nemoz et al., ”XLF and APLF bind Ku80 at two remote sites to ensure DNA repair
by non-homologous end joining”, Nat. Struc. Mol. Bio. 25, 971-980 (2018).
5. Tadi et al., ”PAXX is an Accessory c-NHEJ Factor that Associates with Ku70 and Has
Overlapping Functions with XLF”, Cell Rep. 17, 541-555 (2016).

Role of DDK kinase in DSB repair
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Abstract
DDK is an essential kinase in all eukaryotes well studied for its function during DNA
replication initiation. Additional functions have however been uncovered. In the case of
double strand break (DSB) repair, we previously showed that DDK is required for joint
molecule (JM) resolution during homologous recombination (HR) via activation of the nuclease Mus81-Mms4. DDK appears to act together with CDK and Cdc5, with which it forms
a kinase complex, and to jointly phosphorylate and activate the nuclease.
Cell cycle kinase regulation is also important to provide cell cycle specific regulation of DNA
end resection upon DSB. It was previously shown that CDK is required to activate DNA end
resection via phosphorylation of Sae2 and that phosphomimetic mutants partially bypass the
cell cycle restriction of HR. However, in vivo and in vitro data showed that CDK phosphomimetics only partially bypassed the cell cycle regulation of DNA end resection, raising the
possibility that additional kinases are involved in the cell cycle regulation.
Here, we identify DDK as being required for DNA end resection and investigate its role
in cell cycle regulation of resection by in vivo ChIP experiments. Also, we are investigating
which resection proteins are phosphorylated by DDK in vivo and what is the mechanism
and the requirement behind DDK phosphorylation of resection proteins in vitro, using a
reconstituted system to study DNA end resection.
DDK and Cdc5 can form a kinase complex for activation of Mus81-Mms4. Having identified
additional substrates specific of the kinase complex, we are also studying why cells rely on
such a kinase complex for phosphorylation of a specific set of proteins. By performing in vivo
and in vitro experiments we are trying to unravel mechanistic insight behind such a kinase
complex. Altogether, the role of DDK in activation of JM resolution and our data showing
DDK required for DNA end resection, place DDK as key regulator of HR.
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Regulation of Homologous Recombination during
development
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Abstract
Homologous Recombination (HR) repairs DNA double-strand breaks (DSBs) in late S
and G2 phase. During HR, Nek1 promotes the removal of Rad51 from single-stranded DNA
by phosphorylating and activating Rad54 (Serine572) in late G2 phase, thus allowing the
successful completion of HR. HR is particularly important during early development when
cell proliferation is high therefore might be differentially regulated during this stage. To
elaborate on this hypothesis, we irradiated Rad54 Knockout (KO) or Nek1KO mice either at
embryonic (E14.5) or juvenile (postnatal day 21, P21) stages and analyzed Rad51 foci levels
in the gut and the brain. In accordance with our studies in human cells, P21 Rad54KO
and Nek1KO mice both showed a significant repair defect with increased Rad51 foci levels
compared to wildtype (WT) mice. However, irradiation of E14.5 Nek1KO mice resulted in
a similar number of foci compared to WTs while E14.5 Rad54KO mice were still defective
in repair. This indicates that Nek1 is dispensable for HR during embryonic stages.
We then established embryonic and postnatal fibroblast cell lines, MEFs and MPFs respectively, and tested if these lines imitate the respective in vivo repair phenotype. Indeed, after
irradiation, Rad54KO MEFs and MPFs showed a significantly increased numbers of foci
while only Nek1KO MPFs but not Nek1KO MEFs revealed a repair defect. Additionally,
depletion of Nek1 in WT MPFs using siRNA conferred the same repair defect as observed in
Nek1KO MPFs. Depleting Nek1 in Rad54KO MPFs did not result in an additional repair
defect, confirming our previous results that Nek1 and Rad54 both have a role in the same
HR process. In contrast, Nek1-depleted WT MEFs do not display a repair defect, confirming
our in vivo results.
Since Nek1 is dispensable for HR during early development, we generated Knockin mice
expressing an unphosphorylatable variant of Rad54 (Serine572Alanine) and isolated MEFs
to evaluate if phosphorylating Rad54 is required for HR. After irradiation, Rad54S/A MEFs
behaved similarly to Rad54KO MEFs with significantly increased foci levels, therefore confirming that Rad54 is regulated differently during embryonic stages. Future work will involve
siRNA screenings against all of the Nek family members to define which kinase phosphorylates Rad54 at embryonic stages.
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Targeting metabolic and repair pathways in
hypermutative cancer cells
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Abstract
Throughout the lifetime of a cell, molecular damage occurs in the DNA. If not repaired
efficiently, this causes an accumulation of mutations throughout the genome over time, and
may compromise the function of genes. This may lead on the one hand to age-dependent
loss of tissue function and on the other hand to diseases such as cancer.
Mutations in the POLE gene that encodes for catalytic subunit of DNA polymerase (Pol) 
have been associated with hypermutative cancers such as certain colorectal carcinomas, as
well as melanomas [1,2]. Genetic alterations underlying this phenotype are frequently found
to target the exonuclease domain of Pol , an important region mediating its proofreading
function [1].
We study the effects of Pol  exonuclease defects on the mutation rate of cancer cell lines. In
the present project, we aim to identify and characterize genes involved in metabolic pathways,
whose downregulation are beneficial or detrimental for survival of cancer cells expressing a
hypermutative phenotype. To this end, we perform a genome-wide knock-out screen of a
nearly haploid human HAP1 cancer cell model deficient in Pol  proofreading, in order to
identify potential genes and underlying pathways specifically relevant for hypermutative cells.
Moreover, by performing clonogenic assays, we look into the survival of a panel of isogenic
HAP1 mutator cell lines which lack mismatch repair or Pol δ or  proofreading, upon small
molecule inhibition of key enzymes involved in different DNA repair pathways.
With these projects as a whole, we aim to unveil adaption of cells burdened with high
mutational load during cancer, and to identify new approaches for its treatment.
References
1. Hino, H. et al.Clinicopathological and mutational analyses of colorectal cancer with mutations in the POLE gene. Cancer Med. 1–11 (2019).
2. Rayner, E. et al. A panoply of errors: Polymerase proofreading domain mutations in
cancer. Nat. Rev. Cancer. 16, 71–81 (2016).
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Rtt101/Cul4 may promote a TOP1-independent
RER backup pathway in S phase
Natalie Schindler∗1 , Vanessa Kellner2 , Matthias Tonn1 , Svenja Beenders1 , and Brian
Luke1
1

Johannes Gutenberg - University of Mainz – Germany
2
New York University [New York] – United States

Abstract
The conserved E3 ubiquitin ligase complex Rtt101-Mms1-Mms22, promotes DNA replication fork progression through damaged DNA and natural pause sites (Luke et al. 2006).The
deletion of Rtt101-Mms1-Mms22 subunits renders cells sensitive to exogenous and endogenous sources of replication stress (Buser et al. 2016).
One frequent source of endogenous replication stress is rNMPs that are mistakenly incorporated in DNA by the replicative polymerases. The Pol e allele, pol2-M644G, can further
increase the genomic rNMP load more than 10-fold. Usually genomic rNMPs are transient
and get efficiently removed by the ribonucleotide excision repair (RER) pathway, which uses
RNase H2 activity to excise rNMPs. We have observed that RTT101 becomes essential for
viability when RER is impaired, thereby implicating the Rtt101-Mms1-Mms22 ligase in the
tolerance of rNMPs.
Employing cell cycle restricted alleles of Rtt101 and RNase H2, we show that (1) Rtt101
functions in S-phase (2), the S-phase, but not G2, restricted expression of RNase H2, is
toxic in rtt101 D background and (3) MRC1 deletion can rescue this toxicity. Strikingly, the
toxicity of rNMP processing in S-phase in rtt101 D cells is independent of Topoisomerase 1
(Top1). Top1 is the central mediator of mutagenic ”alternative” rNMP excision when RNase
H2-dependent canonical RER fails.
Recent work from our lab (Lockhart et al. 2019) demonstrated that canonical RER is
primarily active post-replicatively in G2-phase. When RNase H2 functions in S phase a noncanonical RER is performed that depends on the recombinase Rad52. Since Rtt101 is active
in S-phase, associates with the replisome and mediates lesion tolerance in a homology driven
way, we propose that Rtt101 may promote replication fork re-start at those replication forks
that run into ssDNA breaks generated by hydrolyzed rNMPs.

∗

Speaker

sciencesconf.org:dnarepair:312980

Characterization of a putative novel human
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Abstract
DNA replication represents a series of precisely regulated events that guarantee accurate
duplication of the genetic information. Although the molecular replication machinery has
been well characterized, its dynamics in terms of protein-protein interaction, as well as the
role of many auxiliary factors still remains unclear.
PN70 (predicted nuclear; 70 kDa; C17ORF53) represents an uncharacterized human protein
of hitherto unknown function predicted to have nuclear localization. It shows a strong coexpression with genes involved in DNA metabolism and cell cycle progression. Homology
searches identified a region comprising a helical part and a putative canonical OB-fold motif
binding DNA conserved among a large range of eukaryotes. Very recently, PN70 has been
implicated to have a role in homologous recombination (Hustedt et al. 2019, Genes Dev.;
33(19-20):1397-1415).
Here, we confirmed the predicted nuclear localization of the endogenous protein and of
fluorescence-tagged PN70 fusions via subcellular fractionation and fluorescence microscopy,
respectively. Different human cell lines showed PN70 expression and the molecular number
was estimated in HEp-2 cells at around 130000 molecules per cell. Synchronization experiments showed cell cycle dependent changes of the PN70 protein level with a maximum in S
phase. PN70 protein levels were dramatically reduced in quiescent cells. Overexpression of
the protein leads to rapid and dramatic reduction of replicative DNA synthesis. A flow cytometric, FRET-based interaction assay was applied to PN70 and proteins of the replication
machinery using vectors for the expression of fluorescence-tagged fusion proteins. Utilizing
transfected cells, a FRET association between PN70 and the replication factors Cdc45, RPA,
MCM2 and MCM5 could be detected.
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Mammalian RAD52 promotes RNA-mediated
c-NHEJ of resected DNA double-strand breaks in G1
Na Wei∗1 , Marta Llorens Agost1 , and Markus Löbrich1
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Abstract
Efficient DNA repair plays a critical role in maintaining genomic integrity and stability.
Several studies have shown that transcript RNA is a vital molecule in DNA double-strand
break (DSB) repair and RAD52 potentially promotes this process. In vitro, both yeast and
mammalian RAD52 can preferentially bind to ssRNA and promote DNA-RNA hybrid formation. It has also been shown that RAD52 is recruited at transcriptionally active damage sites
during G0/G1 phase. In this project, we observed the formation of DNA-RNA hybrids and
RAD52 foci in G1-phase mouse embryonic stem cells (mESCs) and human cervical cancer
cells at both X-ray- and restriction enzyme-induced DSBs. The recruitment of RAD52 was
strongly decreased after inhibition of transcription. In addition, depletion of RAD52 significantly reduced the formation of DNA-RNA hybrids in G1 phase, suggesting that RAD52
promotes the formation of DNA-RNA hybrids. Our laboratory recently discovered a novel
sub-pathway of canonical non-homologous end joining (c-NHEJ) during DSB repair in G1
phase, which is resection-dependent and relies on CtIP and Plk3. Interestingly, most RAD52
foci co-localized with phospho-replication protein A (pRPA) foci, and the inhibition of resection reduced both RAD52 and DNA-RNA hybrid formation. Additionally, inhibition of
transcription diminished pRPA and RAD52 foci formation and caused a repair defect in
mESCs during G1 phase. These results suggest potential interactions amongst DNA-RNA
hybrids, the RAD52 protein and DNA resection during DSB repair in G1 phase. Thus, we
hypothesize that RAD52 may participate in RNA-mediated DSB repair during resectiondependent c-NHEJ in G1 phase. This sub-pathway may provide a rapid response to break
sites and improve the fidelity of DSB repair in G1 phase.
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Targeting XPD for cancer therapy
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Abstract
Nucleotide excision DNA repair (NER) is essential for removing a great variety of lesions
from the genome. Lesions that are frequently recognized are caused by UV irradiation and
genotoxic compounds such as cisplatin. 1 in 1 million people in the United States and Europe inherit germline mutations that disrupt NER function causing a genetic disorder called
xeroderma pigmentosum (XP). Individuals with XP have strongly enhanced UV sensitivity,
resulting in a high susceptibility for skin cancers, including melanoma. Mutations that cause
XP can occur in different components of the TFIIH complex in the germline. The TFIIH
transcription factor is a multi-subunit complex that is involved in transcription and NER.
It is comprised of 10 subunits that can further be divided into two subcomplexes; the CAK
complex and the core complex, the latter being composed of XPB, XPD, p62, p52, p44, p34,
and p8 (TTDA). XPD, which is part of the core complex, is an ATP dependent helicase.
XPD’s two main regulators are the CAK complex and p44 subunit. In NER it is responsible
for unwinding the DNA around the lesion and verification of the chemical modification of
the DNA. XPD activity has been shown to be only essential to TFIIH’s role in NER but not
in transcription. Consequently, XPD deficient tumors have been found to be particularly
sensitive to certain cancer therapies including immune checkpoint therapy and cisplatin therapy. Inhibiting XPD thus presents a promising strategy for new options in cancer therapy.
We have initiated a high throughput screening campaign (HTS) against XPD and generated
cell models to analyze XPD deficiency in vitro using standardized parameters and validate
promising inhibitors. Inhibitors found in the HTS campaign will be tested in the cell-based
assay in order to assess their efficacy. In summary this project will yield important insights
into the drug-ability of XPD and its potential use in cancer therapy.
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Investigation of active demethylation of
5-methyl-2’-deoxycytidine
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Abstract
Demethylation of 5-methyl-2’-deoxycytidine (mdC) plays an important role during epigenetic reprogramming. Oxidation of mdC catalyzed by ten eleven translocation (Tet) enzymes leads to 5-hydroxy-2’-deoxycytidine (hmdC),[1-2] 5-formyl-2’-deoxycytidine (fdC) and
5-carboxy-2’-deoxycytidine (cadC).[3-5] Discovery of these potentially epigenetic relevant
bases led to the idea of two possible active demethylation mechansims: a base excision repair
(BER) associated pathway and a direct C-C bond cleavage in form of deformylation of fdC or
decarboxylation of cadC.[4,6-7] To investigate the direct cleavage of the C-C bond in vivo, 5substituted chemically modified cytidine derivatives were synthesized and incorporated into
the genome of stem cells. The incorporated nucleosides can undergo biochemical changes,
which can be analyzed after enzymatic digestion of DNA with UHPLC-triple-quadrupole
MS techniques. Analysis of the isolated nucleosides give crucial hints towards one of the
mechanisms of active demethylation of mdC.
To study the base excision mediated repair mechanism, the analysis and quantification of
during this process cleaved nucleobases is required. For MS quantification methods, new
chemoselective reagents were developed, that specifically target the cleaved bases. These
derivatization reagents and newly developed analytical protocols allow the investigation of
the BER mechanism in deeper detail.
Acknowledgment: This work was supported by Fonds der Chemischen Industrie through
a Kekulé- Stipendium, the Deutsche Forschungsgemeinschaft and the Excellence Cluster
CiPSM)
References:
Tahiliani et al. Science 2009, 324, 930-935.
Kriaucionis et al. Science 2009, 324, 929-930.
Ito et al. Science 2011, 333, 1300-1303.
He et al. Science 2011, 333, 1303-1307.
Pfaffeneder et al. Angew. Chem . Int. Edit. 2011, 50, 7008-7012.
Schiesser et al. J. Am. Chem. Soc. 2013, 135, 14593-14599.
Maiti et al. J. Biol. Chem. 2011, 286, 35334-35338.
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RAD50 regulates mitotic progression independent of
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Abstract
The Mre11A/RAD50/NBN complex (MRN) is an essential regulator of the cellular damage response after DNA double-strand breaks (DSBs). More recent work has indicated that
MRN may also impact on the duration of mitosis. We show here that RAD50-deficient
fibroblasts exhibit a marked delay in mitotic progression that can be rescued by lentiviral
transduction of RAD50. The delay was observed throughout all mitotic phases in live cell
imaging using GFP-labeled H2B as a fluorescent marker. In complementation assays with
RAD50 phosphorylation mutants, modifications at Ser635 had little effect on mitotic progression. By contrast with RAD50, fibroblast strains deficient in ATM or NBN did not show a
significant slowing of mitotic progression. Ataxia-telangiectasia-like disorder (ATLD) fibroblasts with nuclease-deficient MRE11A (p.W210C) tended to show slower mitosis, though by
far not as significant as RAD50-deficient cells. Inhibitor studies indicated that ATM kinase
activity might not grossly impact on mitotic progression, while treatment with MRE11A inhibitor PFM39 modestly prolonged mitosis. Inhibition of ATR kinase significantly prolonged
mitosis but this effect was mostly independent of RAD50 status. Taken together, our data
unravel a mitotic role of RAD50 that can be separated from its known functions in DNA
repair.
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Breaking the inactive X chromosome to decipher
heterochromatin maintenance mechanisms in
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Abstract
DNA damage challenges not only genome integrity but also its organization with histone proteins into chromatin. Chromatin organization stores epigenetic information, which
dictates cell function and identity. The stable maintenance of this information in somatic
cells is thus fundamental to prevent diseases and ageing. Among chromatin domains, heterochromatin compartments are critical for genome stability, transcriptional silencing and
cell fate transitions. Thus, the identification of mechanisms that ensure heterochromatin
maintenance in response to DNA damage is of paramount importance.
In this project, we address this question by focusing on the inactive X chromosome in human
cells after DNA double-strand breaks (DSBs), the most cytotoxic form of DNA damage. Inactivation of one of the two X chromosomes through heterochromatin formation in female
mammals plays an important role in dosage compensation between sex chromosomes. Established during early embryonic development, X chromosome inactivation is then faithfully
maintained through somatic cell divisions
To study if DSBs affect key epigenetic features in this heterochromatin compartment such as
histone modifications, long non-coding RNAs and transcriptional silencing, we employ neocarzinostatin, a radiomimetic agent, and Cas9 nuclease to induce sequence-specific DSBs.
We also intend to monitor whether these epigenetic features are restored after DNA repair
upon degradation of Cas9. Reciprocally, we aim to evaluate how the heterochromatic state
of the inactive X impacts DSB repair by assessing DSB induction, repair efficiency and repair
pathway choice.
Our results will unveil how heterochromatin on the inactive X chromosome affects DSB
repair, how it is altered by DNA damage and how it is restored to its original state.
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Abstract
Homologous Recombination (HR) is essential for the repair of DNA double-strand
breaks and is involved in the restart of stalled replication forks. Thus, it maintains genome
stability and cell survival. A key step in HR is the formation of nucleofilaments composed
of the Rad51 recombinase on single-strand DNA. The essential role of these Rad51 nucleofilaments is to perform homology search and strand invasion of an intact DNA that is
homologous to the damaged DNA and that eventually, is used as a template for repair DNA
synthesis. In Saccharomyces cerevisiae, the assembly of Rad51 nucleofilaments is promoted
by the complex of Rad51 paralogs Rad55-Rad57. However, the role of Rad55-Rad57 in
Rad51 filament formation is not understood. To gain insight into the molecular role of the
Rad55-Rad57 complex, we aim at determining its structure by combining a structural bioinformatics approach, based on sequence alignments and the published structure of Rad51,
with yeast two-hybrid experiments. From our study, we propose a structural model for the
Rad55-Rad57 complex as a first step towards the elucidation of its role in Rad51 filament
formation.
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Gdh interacts with Tet3 to supply a-ketogluterate,
linking 5mdC oxidation to metabolic state and
neuronal function
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Thomas Carell1
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Abstract
Neural activity induces changes of the epigenetic landscape of neurons and glia, which
in turn influences their future function and behaviour towards neural impulses. Dynamic
changes of DNA methylation and hydroxymethylation patterns in neurons are an important part of this regulatory mechanism and ten eleven translocation dioxygenases (Tet13) contribute to it by oxidizing 5’-methyl-2’-deoxycytidine (5mdC) to 5’-hydroxymethyl-2’deoxycytidine (5hmdC). All three Tet enzymes are expressed in the brain, but Tet3 is the
most abundant among them. For the oxidation reaction, Tet enzymes use alpha-ketoglutarate
(aKG) as a co-substrate. Since the amount of aKG is tightly controlled, the supply with aKG
is often rate limiting for Tet activity. We show that in neurons Tet3 interacts with glutamate
dehydrogenase (Gdh), which converts glutamate directly into the aKG co-substrate. Gdh
is normally imported into the mitochondria, but our data indicate that in neurons, Gdh is
mainly transported into the nucleus instead. In contrast, we do not observe this effect in
liver where Tet expression and activity are low. The mitochondrial import sequence, which
is normally cleaved off once Gdh is located to the mitochondria, seems to be essential for
the interaction with Tet3. When hippocampal neurons are depolarized, the expression of
several neuronal-activity dependent genes, such as Npas4 and Bdnf, and global 5hmdC are
increased. When we apply the Gdh inhibitor R162 on depolarized neurons, we neither see an
increase of Npas4 and Bdnf expression nor of the global 5hmdC levels. This indicates that
Gdh activity is important for 5mdC oxidation and thereby activation of neuronal-activity
dependent genes. Our findings directly link energy metabolism of neurons to their epigenetic
plasticity.
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Abstract
DNA is continuously damaged by physical and chemical agents. Depending on the nature of the DNA lesions, a number of DNA repair mechanisms and DNA damage responses
with complex links to transcription have evolved. DNA repair deficiency or transcription
deregulation leads to a broad range of pathologies, including cancer or ageing. How these
processes are coordinated remains an intriguing question.
Mediator, a large multiprotein complex with a modular organization, plays an essential role
in eukaryotic transcription regulation. Recently, our group has discovered a novel Mediator
function that connects transcription and DNA repair via physical interaction with XPG.
XPG is a fundamental factor involved in the nucleotide excision repair (NER) pathway,
acting as a structure-specific 3’ endonuclease to remove DNA lesions including UV-induced
photoproducts. Mutation in human XPG can result in Xeroderma pigmentosum/Cockayne
syndrome disease, a classical repair syndrome characterized by extreme UV sensitivity with
a high incidence of skin cancer and other severe clinical features.
Both Mediator and XPG interact with RNA polymerase II, one of the main components
implicated in transcription-coupled NER. In this work, we investigate the functional link
between Mediator, XPG and RNA polymerase II and more generally NER in human cells.
For this purpose, we are using different approaches including depleting Mediator subunits
in NER deficient cell lines, immunofluorescence imaging to analyze the localization of NER
proteins and Mediator subunits within the nucleus in response to UV treatment and ChIPseq analysis. In addition, we are applying CRISPR/Cas9 technology to transpose relevant
Mediator mutations from yeast to human cells.
In conclusion, we propose a novel functional perspective connecting transcription regulation with DNA repair that might provide new insights into our understanding of human
NER disorders.
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Abstract
The essential integrity of the genome is maintained by DNA repair mechanisms, in connection with the chromatin environment which plays a key role in the response to DNA
damage and especially to double-strand breaks (DSBs). Since badly repaired DSBs can
lead to mutations and chromosomal rearrangements such as translocations, they are often
the cause of cancer and inherited neurological diseases. In order to better understand the
different DSB repair mechanisms, as well as their interaction with chromatin remodeling processes, we use the DIvA cellular model which allows the simultaneous induction of multiple
DSBs, annotated and distributed throughout the genome. Mass spectrometry analyzes were
performed in the team in order to identify the chromatin complexes formed with cohesins
after DSBs induction in DIvA cells. Among the 130 proteins obtained in these experiments,
20% are factors already known to play a role in the DNA damage response, which validates
our experiments. We are currently screening all the candidate proteins in order to identify
new important players involved in the early response to DNA breaks induced in active genes
(TC-DSBR). Using siRNAs for the depletion of each candidate, we analyze the repair foci
formed after DSBs induction by high-throughput microscopy, cell survival after damage and
the frequency of translocations. We will present the first results obtained during this screen.
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Abstract
Homologous Recombination (HR) is an evolutionarily conserved process that plays a key
role in genome stability/plasticity. However, HR is a double-edged sword: it is essential to
maintain genome stability and to generate genetic diversity, but it can also lead to genome
instability and cell death. Particularly, excessive or unscheduled HR can generate highly
toxic, unprocessed HR intermediates. In eukaryotes, the recombinase Rad51 plays a central
role in HR by forming nucleoprotein filaments on single-stranded DNA (ssDNA) to search
for homologous DNA, and then to perform synapsis and strand invasion. In the yeast Saccharomyces cerevisiae, Rad51 filament formation requires the mediator activity of Rad52 to
remove RPA previously bound to the initiating ssDNA. We recently unveiled that Rad52 is
associated with Rad51 nucleoprotein filaments it has contributed to form. This association
counterbalances Srs2 helicase activity, which displace Rad51 from ssDNA. Srs2-deficient cells
are sensitive to DNA damaging agents and the srs2 null mutation shows synthetic lethality
with several null mutations of genes involved in DNA replication. These phenotypes are
the result of the accumulation of toxic Rad51 filaments in Srs2-deficient cells. Therefore,
mechanisms to regulate Rad51 filament formation through positive and negative activities
are crucial to avoid Rad51 filament toxicity. By combining genetic, biochemical, imaging
and protein structure approaches in yeast, we are studying the mechanisms by which Rad52
and Srs2 regulates the formation of Rad51 filaments.
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Impaired DSB repair after low doses of X-rays might
be due to a lack of activation of DNA-PK
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Abstract
Low doses of ionizing radiation are routinely used during medical examinations, but even
such low doses of radiation induce DNA double-strand breaks (DSBs), which are potentially
dangerous to the organism. Studies have shown that DSBs are repaired very inefficiently after
low doses of X-rays (e.g. 10 mGy, which is equal to a CT scan of the abdomen), in contrast
to higher radiation doses, where the repair efficiency is significantly higher. However, the
repair after low doses can be stimulated when cells are pre-treated with H2O2, a chemical that
induces radicals in the cell. This might hint to a repair mechanism that requires radicals to be
efficiently activated. Since the important repair kinase ATM can be activated by radicals, the
question arose whether ATM or DNA-PK, which are structurally similar, are not sufficiently
activated during DNA repair at low doses due to a lack of radicals. To assess the activity
of the kinases in confluent human fibroblasts, their ability to phosphorylate H2AX and form
visible gH2AX foci was exploited. At high doses, when one of the kinases is inhibited, the
other one can fully compensate for this loss and form gH2AX foci. At low doses, however,
the ability of DNA-PK (inhibition of ATM) to form gH2AX foci decreased strongly, while
ATM (inhibition of DNA-PK) was still able to form foci. Next, we investigated if the repairstimulating effect of H2O2 affects DNA-PK’s ability to form gH2AX foci. Strikingly, more
foci were formed, which indicates that DNA-PK’s activity is indeed mediated by radicals. As
low doses of X-rays might not induce enough radicals, and since DNA-PK is the main repair
factor in confluent cells, impairment in its function might ultimately explain the lack of repair
at low doses. We are currently investigating the molecular mechanism of how the activity
of DNA-PK is controlled. We suspect that molecules involved in sensing or processing of
radicals modulate DNA-PK’s activity.
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Abstract
BRCA2-deficient tumor cells are impaired in homologous recombination and rely on other
pathways for repairing DNA double-strand breaks (DSBs). This makes such cells selectively
vulnerable to the inactivation of other repair mechanisms, a concept which is clinically exploited but limited due to the insufficient knowledge about how DSBs are repaired in the
absence of BRCA2. We show that the polymerase
theta (Pol
theta)-dependent alternative non-homologous end-joining pathway (alt-NHEJ) repairs DSBs
in BRCA2-deficient cells only after the onset of mitosis. At this cell cycle stage, one-ended
DSBs that arise at the replication fork have been converted into two-ended DSBs and can
be repaired by alt-NHEJ without the formation of genomic rearrangements. Rad52, a factor
whose inactivation is known to kill BRCA2-deficient cells, prevents the premature employment of alt-NHEJ before mitosis and thereby limits genomic rearrangements. This is achieved
by blocking the polymerase function of Pol
theta at resected DSBs. BRCA2 exerts the same blocking function against Pol
theta in addition to its known function in Rad51 loading, explaining why the dual loss of
BRCA2 and Rad52 is synthetically lethal. The uncovered interrelationships between BRCA2,
Pol
theta and Rad52 at resected DSBs advances our knowledge about the synthetic lethality
network of BRCA2-deficient cells and will help to improve efforts to selectively kill such
tumors.
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NEIL1 and NEIL2 DNA glycosylases protect neural
crest development against mitochondrial oxidative
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Abstract
The bifunctional DNA glycosylases/AP lyases NEIL1 and NEIL2 excise oxidative base
damages but can also enhance the steady-state turnover of thymine DNA glycosylase during
oxidative DNA demethylation [1]. The dual role of NEILs in antagonizing base damages
and promoting epigenetic gene reactivation prompted us to investigate the consequences
of Neil -deficiency for embryonic development and stem cell differentiation. Using Xenopus
laevis and murine embryonic stem cells as model tools, we discovered a conserved function
of NEIL DNA glycosylases in protecting against an oxidative-stress induced intrinsic TP53
DNA damage response (DDR) that triggers apoptosis, which, in turn, impairs neural crest
development. Interestingly, Neil -deficiency results in oxidative damage specific to mitochondrial DNA. Thus, we hypothesize the DNA repair function of NEIL1 and NEIL2 within
mitochondria to be crucial for proper embryonic development [2].
Schomacher, L.; Han, D.; Musheev, M. U.; Arab, K.; Kienhofer, S.; Seggern, A. von;
Niehrs, C. Neil DNA glycosylases promote substrate turnover by Tdg during DNA demethylation, Nature structural & molecular biology 23, S. 116–124 (2016).
Han D., Schomacher L., Schüle K.M., Mallick M., Musheev M.U., Karaulanov E., Krebs
L., von Seggern A., and Niehrs C. NEIL1 and NEIL2 DNA glycosylases protect neural crest
development against mitochondrial oxidative stress. eLife 8 (2019).
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Abstract
Bypass of unrepaired DNA lesions is an important damage tolerance mechanism and a
major source of mutations in human cells. However, the mutation profiles of different DNA
modifications are not well defined.
To investigate the miscoding properties of specific DNA lesions we designed a set of EGFP
mutants inactivated by four different types of base pairs at the mutation site. Ulterior single
nucleotide substitutions at the specific positions would induce reversal to a fluorescent GFP
thus allowing direct visualization of mutations arising during DNA (or RNA) synthesis. Using
these novel reporters and apurinic/apyrimidinic (AP) lesions as a model for a mutagenic
DNA modification, we found that RNA polymerase II with high preference incorporates rA
opposite to an AP site positioned in double-stranded DNA in transfected human cells. To
characterize the mutation profile of AP lesions during translesion DNA synthesis (TLS),
we further generated constructs bearing an AP lesion in a stretch of single-stranded DNA
opposite to an 18-nucleotide gap. Based on the gain of EGFP fluorescence observed in a
large fraction (up to 70%) of cells, we concluded that also during DNA synthesis AP sites
are bypassed with very high error rates. Ongoing in-depth sequencing analysis will fully
characterize the mutation pattern induced by this lesion.
Furthermore, we aim to assign these mutation patterns to specific TLS DNA polymerases
using the available knockout cell lines. Hence, we shall be able to define the mutation profile
of AP lesions during DNA and RNA synthesis and in the future extend our investigation to
different kinds of DNA modifications.
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Abstract
During DNA replication a plethora of proteins is involved in protecting and maintaining
the accuracy of this process against any obstacle that might perturb the progression of
replication fork. The high proliferative capacity of cancer cells is accompanied with high levels
of replicative stress which is a weakness exploited by chemotherapeutic agents. Although
chemotherapies are efficient in most cases, some cancers might develop resistance against
them. Therefore there is a need to identify new proteins functioning at the replication fork
that may have a role in determining the response to these drugs. Using the iPOND (isolation
of proteins on nascent DNA) technique coupled to mass spectrometry we uncovered new
proteins associated with replication forks. We used a secondary screen to identify the best
candidates and selected GNL3 (aka nucleostemin) for further analysis. GNL3 is involved in
the maintenance of genomic integrity in stem cells but its precise role(s) in this process is
poorly understood. We demonstrated that GNL3 is associated with ongoing replication forks
using iPOND, Proximity Ligation Assay (PLA) and BioID. The depletion of GNL3 does not
impair replication forks progression in basal conditions or in response to short treatments
with camptothecin. However, prolonged treatment with hydroxyurea (HU), etoposide or
camptothecin elevates the phosphorylation of RPA suggesting an increase in the frequency
of collapsed forks. In concurrence with this, prolonged HU treatment resulted in a nucleases
dependent DNA resection in absence of GNL3. On the other hand depletion of GNL3 in
basal conditions changes the S-phase pattern and leads to an increase of chromatin bound
CDC45. This suggests that GNL3 has a role in controlling replication origins firing and
that increased resection in response to HU is an indirect effect of excessive origin firing. We
propose that GNL3 is associated with the replisome to limit excessive origins firing in order
to maintain the integrity of replicating DNA.
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2
Institut de Génétique Humaine (IGH) – CNRS : UMR9002 – 141 Rue de la Cardonille 34396
MONTPELLIER CEDEX 5, France

Abstract
One of the well-known consequences of oncogenic stress is the induction of senescence,
a particular stage in which cells stop to cycle. It has been shown that oncogene-induced
senescence (OIS) is the consequence of both perturbed DNA replication and chromosomal
instability. Recently, it has been shown that both replicative and DNA damage inducedsenescence depends on the cGAS (cyclic GMP-AMP Synthase) and STING (Stimulator of
Interferon Genes) pathway which detects cytosolic DNA. The cGAS-STING pathway detects
the presence of small DNA fragments or micronuclei and induces inflammatory responses.
Lack of genomic integrity in oncogene overexpressing cells lead to the accumulation of chromatin fragments and micronuclei in the cytosol. Two mechanisms are known to induce
cytosolic DNA accumulation. (i) DNA fragments are released from stalled replication forks
as a result of aberrant DNA replication fork processing. (ii) Large chromatin fragments or
micronuclei dissociate from the nucleus during abnormal chromosomal segregation in mitosis. Altogether these results suggest that cytosolic DNA induces senescence through cGASSTING signaling in cells expressing activated oncogenes. However, the molecular mechanism
by which cytosolic DNA can be generated upon oncogenic stress is not yet known. We are
investigating the causes and consequences of cytosolic DNA accumulation in BJ fibroblasts
overexpressing the oncogene RAS. Our data show that senescence and micronuclei formation
are both abrogated by inhibition of MRE11 nuclease in BJ RAS. Moreover, our preliminary
results indicate that MRE11 might be responsible for perturbed fork progression in RAS
overexpressing fibroblasts. We hypothesize that MRE11 might be involved either in fork
processing or resolution of repair intermediates that lead to the formation of micronuclei.
The possible mechanisms that lead to replication stress and cytosolic DNA production in
the context of OIS will be further discussed during the meeting.
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Abstract
In response to DNA double-strand breaks (DSBs), eukaryotic cells trigger cell cycle arrest and DNA repair via two canonical pathways: homologous recombination (HR) that is
most active in S/G2 or non-homologous end-joining (NHEJ) that dominates in G1. However, because cancer cells often harbor dysfunctional DNA repair and cell-cycle checkpoints,
induced or spontaneous DSBs generated in these cells might also progress through the cell
cycle and be resolved through non-canonical repair pathways. We developed an approach
in which DNA DSBs can be induced in G1-arrested cells and their repair tracked to investigate the fate of G1-DSBs progressing throughout the cell cycle. We show that, in the
absence of XRCC4, joining of RAG- or Cas9-induced DSBs is not functional in G1 cells. By
contrast, in the absence of XRCC4 and the cell cycle checkpoint p53, entry into S-G2/M
restores the cellular DSB repair capacities at the expense of genome integrity with a large
fraction of repair products bearing kilo-base long DNA end resection, micro-homologies and
chromosome translocations. We find that cell cycle entry into S phase correlates with Pol
q expression that is required for error-prone DSB repair. By contrast, repair of G1 DSBs
in S-G2/M is independent of PARP1. Importantly, we show that the survival and proliferation of XRCC4/p53-deficient leukemic B cells exposed to G1 DSBs depends on Pol q that
limits the accumulation of unresolved DNA ends during cell division. Our findings provide
a mechanistic framework for the repair of G1 DSBs progressing to S-G2/M and support the
conclusion that this type of DNA damage repair events drives genomic instability in cancer
cells and represents a novel therapeutic target.
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Abstract
Replication is constantly challenged by multiple obstacles and this can result in errorprone replication leading to serious diseases like cancer, neurological and muscular diseases.
The obstacles are known as replication fork barriers (RFBs) and many are caused by proteins
bound to DNA, structure forming sequences, DNA/RNA hybrids and damaged DNA bases.
Replication forks (RFs) stalled or blocked at these barriers can be rescued by a converging
fork. Nevertheless, fork convergence is not sufficient to resolve all stalled forks. Therefore,
cells have developed homologous recombination-dependent mechanisms to restart persistent
inactive forks. This allows the completion of DNA synthesis, but comes at a cost. The newly
formed homologous recombination-restarted replication (HoRReR) is significantly more error
prone than canonical replication. This increased error rate implies the HoRReR mechanism
is distinct from that of canonical replication. In the presented work, we have followed the
usage of polymerases by genome wide sequencing and focused on a model replication barrier,
RTS1. The blocked replication fork leads to the resection of the lagging strand and this is
increased in a strain that has lost Ku70. However, the leading strand is not affected and
the fork restarts at the same position as in the wild type (pku70 +) situation. Our analysis
revealed that, after the restart event, both the leading and lagging strand DNA is duplicated
by DNA polymerase δ (8-10Kb), unless the restarted fork terminates with a converging
canonical fork. Surprisingly, our data show that polymerase a is not used on the ”lagging”
strand, suggesting that polymerase δ doesn’t require polymerase a during HoRReR. Our
data also prove that the restarted fork is more robust in the removal of the RTS1 replication
block than a canonical replication fork.
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Influence of G4 structure formation on macrophage
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Abstract
G-quadruplexes (G4s) are stable secondary structures that can form in guanine-rich regions within DNA and RNA. On the one hand, G4s are sites for genomic instability, because
G4s block DNA replication. On the other hand, G4s are discussed as functional elements
that support telomere function, impact transcription regulation and support recombination
events. G4 formation and regulation has been studied in many cell types and were shown
to alter specific biological processes. Recently, two observations strengthened the link of G4
formation and genome stability: G4s alter the expression of genes related to autophagy and
apoptosis and G4 accumulation stimulates stress response.
All of these events can activate an immune response by increasing the cytosolic DNA content
of the cell. To date, the consequence of G4 formation and stabilization in immune cells has
not been tested.
We assessed the impact of G4 structure stabilization on bone marrow-derived macrophages
after bacterial infection. We determined G4 formation in macrophages before and after infection and correlated this to transcriptional changes. Furthermore, we evaluated genome-wide
transcriptomic changes after G4 structure stabilization. Of particular interest is the gene
IL-1β, an important signalling molecule during the inflammatory response, which is downregulated after G4 stabilization. This is in line with our finding that macrophages with
elevated G4 levels are no longer as sensitive to bacterial infection as without treatment. In
subsequent analyses we have correlated changes in G4 levels to macrophage phenotype and
function (e.g. mitophagy, phagocytosis). Based on our data we propose a novel model in
which G4 levels alter the immune response after bacterial infection in macrophages.
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Abstract
Chemical alterations in the DNA template often block DNA synthesis because they constitute impediments to replicative DNA polymerases. Bypass of such replication-blocking
lesions is accomplished by specialized DNA polymerases, called translesion synthesis DNA
polymerases (TLS pols) which can accommodate damaged bases in their active sites. However TLS pols are error-prone and as such strongly increase a risk of mutagenesis. In this
respect, upregulation of TLS activity contributes to adaptation of cancer cells to therapy. Monoubiquitination of the replication fork component PCNA (PCNA-mUb) by the
Rad18/Rad6 ubiquitin ligases provides a molecular signal for the recruitment of TLS pols
at stalled fork that nucleate into specialized nuclear bodies called ”mutasomes or translesiosomes”. The molecular composition of translesiosomes is currently poorly understood. We
have undertaken a comprehensive molecular characterization of translesiosomes using in vitro
protein extracts derived from Xenopus eggs as well as from cancer cells. By carrying out
immunoprecipitation experiments coupled to mass spectrometry analysis, we have identified
several known and new proteins that associate specifically with PCNA-mUb. This approach
will allow further understanding of what makes a ”translesiosome”, how it functions, its
relevance to replication stress and hopefully its contribution to the resistance of cancer cells
to therapy.
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Abstract
DNA replication is a fundamental process initiated at specialized regions named origins
of replication. Origins were first discovered in the yeast Saccharomyces cerevisiae, owing
to the presence of short ( ˜200bp) autonomous replicating sequences (ARSs) that support
the propagation and maintenance of extrachromosomal plasmids. Each ARS locus contains
a conserved 11-bp AT-rich sequence named ACS (ARS consensus sequence), which is the
binding site of ORC (origin recognition complex). Even though the ACS is present more
than 11,000 times across the yeast genome, only up to ˜300 of them are used as bona fide
replication initiation sites. This raises the important question what other cis-acting factors,
as well as genomic or structural features define or specify origins of replication in the context
of eukaryotic chromosomes. As the ACS of active origins confers a nucleosome-free region,
one aim of this project is to define the exact nucleosome configuration as well as other
structural features of purified replication origins at the single-molecule level using electron
microscopy. Apart from this ex vivo structural approach, we will also probe replication
origins in vivo using Chromatin Endogenous Cleavage (ChEC), a method that allows for the
precise localization of chromatin-associated factors on the genomic DNA sequence. This will
allow us to assess the binding, stochiometry as well as potential local tertiary structures (3D
looping, topological changes) at licensed DNA replication origins. Ultimately, these data can
shed light on the molecular architecture of eukaryotic replication origins.
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1

GDSC Sussex university – United Kingdom
2
IGBMC – CNRS Strasbourg – France

Abstract
DNA double strand breaks (DSBs) are among the most deleterious type of damage because they can potentially lead to gross chromosomal rearrangements. DSBs are repaired
through two major pathways: homologous recombination (HR) and non-homologous end
joining (NHEJ). Although, DNA repair pathways choices is linked to higher-order chromatin
structure, there are still many fundamental questions in this area. For example the global
compartmentalization of the nucleus raises the questions of whether DNA repair can occur
anywhere in the nucleus and whether repair efficiency is affected by the location of the lesion.
Our recent work has revealed that DNA repair pathway choice is also compartmentalized
and that non-random global genome organization in human cells is a key factor in genome
maintenance. We have showed that breaks induced at the nuclear pores are repaired by
both NHEJ and HR pathways, whereas breaks induced at chromatin associated with the
nuclear lamina are unable to recruit HR factors and are repaired by the error-prone AEJ.
In order to understand how nuclear compartmentalization, chromatin structure and genome
organization impact on repair of DSBs, we have developed experimental systems to identify
for the first time by quantitative proteomics, the factors that are specifically recruited to
distinct nuclear environments upon DNA damage.
To this end, we are using the Apex 2 technology coupled to Dam ID. To identify factors
that preferentially associate with Lamin Associated domains (LADs) or NPC (Nuclear pore
Complex) chromatin domains, we are taking advantage of the DAM-ID technology in cells
expressing either LaminB1-DAM or NUP98-DAM resulting in the methylation of Laminor NPC- chromatin respectively. As complement, APEX2 system is fused to an engineered
protein module that binds directly to Adenine-methylated DNA (m6A-Tracer), allowing biotinylation of proteins that are near-neighbors to LADs or NPC chromatin. To obtain a
comparative and quantitative profile of the proteins specific to LADs and NPCs,we are using
SILAC procedure. Unique proteins that will be further studied for their roles in chromatin
state alterations, implication in DDR, and DNA repair factor recruitment.
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Abstract
DNA Double-Strand Breaks (DSB) are the most deleterious DNA lesions and many human diseases associates with DSB repair defects. In eukaryotes, DNA is organized into
chromatin, a structure which tightly of DNA metabolism, including DSB repair.
By systematically mapping chromatin features before and after DSB induction by ChIP-seq,
we found that DSB can alter chromatin structure on many different scales, ranging from 1 kb
up to several megabases. We also uncovered that both DSB-induced chromatin modifications
and repair pathway usage depend on the properties of the damaged locus. More specifically,
we found that DSB arising in or close to active genes lead to specific chromatin remodeling
events and undergo preferential repair by homologous recombination.
We also found that DSB trigger the formation of large domains (≈ 1 megabase) of modified chromatin characterized by the phosphorylation of the histone variant H2AX (γH2AX),
ubiquitin accumulation and histone H1 depletion, and that these features are more prominent
for DSB occurring in active genes. We also observed that factors involved in the DNA damage Response such as MDC1 or 53BP1 accumulates within the same well-defined domains.
Using Chromosome Conformation Capture methods (4C-Seq and Hi-C), we found that these
extensive DSB-induced chromatin modifications overlap with the pattern of 3D genomic
interactions established before damage induction. This suggests that the DNA damage response strongly depends on 3D nuclear organization and is constrained within pre-existing
Topologically Associating Domains (TADs). We also found that DSB will modify the interaction pattern within damaged TADs, indicative of a damage-induced reorganization in
3D. Furthermore, we report that damaged TADs can cluster together in 3D, a process which
is more prominent during G1 and depends on the activity of the ATM kinase. Altogether,
our data highlight the strong interplay between DSB repair and 3D organization in the
maintenance of genome stability.
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Abstract
Conflicts between transcription and replication are a potent source of DNA damage. Cotranscriptional R-loops could aggravate such conflicts by creating an additional barrier to
replication fork progression. We recently established an in vivo system to reconstitute
and analyze encounters between the replication fork and a specific type of
transcriptional barrier named R-loop in an inducible and localized fashion. In particular,
we studied the influence of conflict orientation (head-on vs. co-directional) on R-loop
formation and DNA damage during transcription-replication conflicts. Interestingly, a codirectional conflict can resolve R-loops, whereas a confrontation in head-on orientation
stabilizes these structures. Thus, the co-orientation bias of transcription and replication
in the human genome may help to minimize deleterious R-loops and maintain genomic
stability. Since replication profiles are altered in cancer cells, this co-orientation bias may
be perturbed and lead to an increased frequency of head-on conflicts, R-loop
accumulation and genome instability in cancer genomes. Using this system and other
cell biological, genetic and proteomic approaches, we aim to elucidate the genetic and
epigenetic mechanisms how cells respond, tolerate and resolve different types of
transcription-replication conflicts. These studies could provide insights into the many
emerging links between transcription-replication conflicts and genome instability, which
are observed in development, cancer and many other physiological and disease
contexts.

