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[image: ]To mitigate the threat of DNA double strand breaks (DSBs), human cells rely on the activity of multiple DNA repair machineries, that are tightly regulated throughout the cell cycle. Timely assembly of these machineries depends on phosphorylation of disordered and conserved motifs in DNA repair proteins. However, phospho-dependent interactions are still poorly characterized. In interphase, DSBs are mainly repaired by non-homologous end joining (NHEJ) and homologous recombination (HR). In mitosis, it was recently shown that the cell is also able to repair DSBs through a new pathway that involves polymerase Polθ. This polymerase is a new target for drugs against cancers. However, the mechanisms through which it contributes to DSB repair are yet unknown. The central region of Polθ is large and disordered; it is phosphorylated upon DNA damage. Our team, in collaboration with the team of R. Ceccaldi at Institut Curie, focuses on the characterization of phospho-dependent interactions of Polθ with its partners during DNA repair. The student will use real-time Nuclear Magnetic Resonance (NMR) coupled to Isothermal Titration Calorimetry (ITC) and X-ray crystallography in order to identify mitotic phosphorylation events in Polθ, and describe the associated binding events. More specifically, the student will analyze the NMR signals of Polθ disordered fragments, monitor their phosphorylation by NMR at the residue level, search for phospho-dependent partners together with our collaborators using affinity chromatography and mass spectrometry, reveal the residues involved in binding using NMR, quantify the affinity gain due to phosphorylation using ITC, and determine the 3D structure of the complexes using X-ray crystallography and/or cryo-EM in the case of large complexes. The general idea is to understand how disordered proteins are able to assemble complexes through interfaces composed of one or several low affinity contact sites, and how phosphorylation regulates these interactions, during the repair of highly toxic DSBs in mitosis. The student will benefit from the protein expression, protein-protein interaction, crystallography, NMR and cryo-EM facilities of the Institute for Integrative Biology of the Cell (I2BC), as well as from the beamline time dedicated to the IntGen team at the nearby Synchrotron SOLEIL.
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