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Abstract 

DNA double-strand breaks (DSBs) are repaired at DSB sites. How DSB sites are assembled 
and how broken DNA is prevented from separating is not understood. Here we uncover that 
the synapsis of broken DNA ends is mediated by the DSB sensor protein poly(ADP) ribose 
(PAR) polymerase 1 (PARP1). Using quantitative bottom-up biochemistry, we reconstitute 
functional DSB sites and show that DSB sites form through co-condensation of PARP1 
multimers with DNA. The co-condensates exert mechanical forces to physically keep DNA 
ends together and become enzymatically active for localized PAR synthesis. PARylation 
promotes release of PARP1 from DNA ends and the concomitant recruitment of effector 
proteins, such as Fused in Sarcoma (FUS), which stabilizes broken DNA ends against 
spatial separation, revealing a finely orchestrated order of events that primes broken DNA 
for repair. We provide a comprehensive molecular model for the hierarchical assembly of 
DSB condensates to explain DNA end synapsis and the subsequent recruitment of effector 
proteins for DNA damage repair. 
 
 
 
 
 


