USP39, a new poly (ADP-ribose)-binding deubiquitinase, drives
non-homologous end-joining repair by liquid demixing
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[bookmark: _Hlk508992356][bookmark: _Hlk508992575]Reciprocal crosstalk between poly(ADP-ribose) (PAR), produced by PAR polymerase 1 (PARP1), and DNA repair machinery has came to light as a key regulatory mechanism of the DNA damage response (DDR). However, there is yet no firm evidence of how PAR precisely controls the DDR. To elucidate this relationship, we identified six deubiquitinating enzymes (Dubs) associated with PAR-coupled DDR. Among the six Dubs, the functional role of USP39, an inactive Dub involved with the spliceosome assembly, was characterized. USP39 rapidly localizes to DNA lesions in a PAR-dependent fashion where it regulates non-homologous end-joining (NHEJ) via its tripartite RG motif located in the N-terminus comprising 46 amino acids (N46). It is already reported that proteins containing RG motif are crucial for liquid demixing, which is contribute to modulation of the DDR. In addition to, we found that USP39 acts as a molecular trigger for liquid demixing in a PAR-coupled N46-dependent manner. Also, USP39 directly interacts with the XRCC4/LIG4 complex during NHEJ via its ZF domain. In parallel, USP39-mediated spliceosome complex controls homologous recombination (HR) repair in a PAR-independent fashion. These findings provide mechanistic insights into how PAR-chains exactly control DNA repair processes in the DDR.
