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Research Proposal Abstract/Présentation du sujet: 

 

DNA repair is an essential process which protects genome integrity.  Because there are a great many 

different types of lesions which can be found in DNA, there are a great many repair pathways 

available to repair them.  The partial overlap of many of these pathways in vivo makes it challenging 

to study them using cell-biological approaches.  Furthermore, the intrinsic complexity of these repair 

systems – typically involving multiple distnct components executing a series of reaction steps – 

makes them difficult to tease apart using classical bulk biochemical approaches.  Thus new methods 

must be developped to better understand these processes. 

 

So as to further our understanding of DNA repair for both fundamental and applies reasons, we have 

developped a series of new molecular tools and experimental systems which allow us to observe, at 

single-molecule resolution, DNA repair taking place in real-time [1, 2, 3].  By reconstructing DNA 

repair reactions in vitro using ultrapurified components it is possible to avoid crosstalk with other 

DNA repair patways as occurs in vivo.  Also, by using real-time single-molecule approaches it 

becomes possible to observe individual steps of complex biochemical reactions without having to 

block or synchronize reactions.   Single-molecule methods are thus of particular interest in the 

reconstruction of DNA repair pathways. 

 

Over the past decade, our lab has embarked on the study of the major DNA repair pathways as they 

are enacted in human health and disease.  We have thus successfully begun the reconstruction of 

complex pathways including: transcription-coupled repair (TCR) [1, 2, 4, 5], mismatch-repair 

(MMR) [6], nucleotide excision repair (NER) [4], base excision repair (BER) (unpublished), and also 

single-strand break repair (SSBR) (unpublished) and double-strand break repair by non-homologous 

end-joining (NHEJ) [7, 8, 9].  Today our laboratory continues in this direction, pursuing a 

“horizontal” approach by continuing to extend our work to new repair systems, including the 

homologous repair (HR) pathway of double-strand break repair, while also developping a “vertical”  
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approach to study in more depth certain of our well-established pathways such as mismatch repair 

and transcription-coupled repair.   

 

We thus wish to recruit a young, motivated scientist to pursue the study of DNA double-strand break 

repair by homologous recombination.  These experiments will involve single-molecule analysis of 

the study of DNA end-bridging by the human CtIP protein involved in the first steps of HR.  These 

experiments will be carried out using the “J-DNA” approach that we have pioneered for the study of 

DNA double-strand break repair by NHEJ [7, 8, 9].  These experiments will be carried out using 

classical single-molecule manipulation approaches, but also more complex correlative approaches 

combining single-molecule manipulation and single-molecule fluorescence.   

 

Methods Used: Biophysics, biochemistry, molecular biology, optics, single-molecules, force 

spectroscopy, fluorescence. 

 

References: 

 
[1] K. Howan, A.J. Smith, L.F. Westblade, N. Joly, W. Grange, S. Zorman, S.A. Darst, N.J. Savery, and T.R. Strick. 

Initiation of transcription-coupled repair characterized at single-molecule resolution. Nature, 490:431–434, 2012. 

[2] E.T. Graves, C. Duboc, J. Fan, F. Stransky, M. Leroux-Coyau, and T.R Strick. A dynamic DNA-repair complex 

observed by correlative single-molecule nanomanipulation and fluorescence. Nat. Struct. Mol. Biol., 22:452–457, 2015. 

[3] J.L. Wang, C. Duboc, Q. Wu, T. Ochi, S. Liang, S.E. Tsutakawa, S.P. Lees-Miller, M. Nadal, J.A. Tainer, T.L. 

Blundell, and T. R. Strick. Dissection of DNA double-strand-break repair using novel single-molecule forceps. Nat. Struct. Mol. Biol., 

25:482–487, 2018. 

[4] J. Fan, M. Leroux-Coyau, N.J. Savery, and T.R. Strick. Reconstruction of bacterial transcription-coupled repair at 

single-molecule resolution. Nature, 536:234–237, 2016. 

[5] J.R. Portman, G.M. Brouwer, J. Bollins, N.J. Savery, and T.R. Strick. Cotranscriptional R-loop formation by Mfd 

involves topological partitioning of DNA. Proc. Natl. Acad. Sci. U.S.A., 118, 2021. 

[6] Y.S.N. Mardenborough, K. Nitsenko, C. Laffeber, C. Duboc, E. Sahin, A. Quessada-Vial, H.H.K Winterwerp, 

T.K. Sixma, R. Kanaar, P. Friedhoff, T.R. Strick, and J.H.G. Lebbink. The unstructured linker arms of MutL enable GATC site 

incision beyond roadblocks during initiation of DNA mismatch dna-repair. Nucleic Acids Res., 47:11667–11680, 2019. 

[7] S. Wang, Z. Han, D. Libri, O. Porrua, and T.R. Strick. Single-molecule characterization of extrinsic transcription 

termination by Sen1 helicase. Nature Communications, 10:1545–1556, 2019. 

[8] Thapar R, Jing L. Wang, M. Hammel, R. Ye, K. Liang, C. Sun, S. Maw, L. Lee, H. Villarreal, I. Forrester, 

S. Radhakrishnan, S. Fang, M.-S. Tsai, A.J. Davis, C. Lin, S.P. Lees-Miller, T.R. Strick, and J.A. Tainer. Mechanism of efficient 

double-strand break repair by a long non-coding RNA. Nucleic Acids Res., 48:10953–10972, 2020. 

[9] R. Oz, J.L. Wang, R. Guerois, K.K. Sriram, V. Roopars, R. Sharma, F. Koca, J.-B. Charbonnier, M. Modesti, T.R. 

Strick, and F. Westerlund. Dynamics of Ku and bacterial non-homologous end-joining characterized using single DNA molecule 

analysis. Nucleic Acids Res., 49:2629–2641, 2021. 

 

Type of PhD : 
 

1.Full PhD 

 

 Joint PhD/cotutelle (leading to a double diploma) :                      NO 

 Regular PhD (leading to a single French diploma) :                   YES 

 

2. Visiting PhD (students enrolled at a Chinese institution  

who come to ENS for mobility period) :                                                      NO                                                                                           

 

 

 

PLEASE SEND THE DOCUMENT TO 

Direction des Relations internationales : dri@ens.psl.eu 

 


