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Sliding sleeves of XRCC4–XLF bridge DNA and connect fragments of broken DNA

Non-homologous end joining (NHEJ) is the primary pathway for repairing DNA double-strand breaks (DSBs) in 
mammalian cells. Such breaks are formed, for example, during gene-segment rearrangements in the adaptive immune 

system or by cancer therapeutic agents. Although the core components of the NHEJ machinery are known, it has remained 
difficult to assess the specific roles of these components and the dynamics of bringing and holding the fragments of broken 
DNA together. The structurally similar XRCC4 and XLF proteins are proposed to assemble as highly dynamic filaments at 
(or near) DSBs. Here we show, using dual and quadruple-trap optical tweezers combined with fluorescence microscopy, how 
human XRCC4, XLF and XRCC4–XLF complexes interact with DNA in real time. We find that XLF stimulates the binding 
of XRCC4 to DNA, forming heteromeric complexes that diffuse swiftly along the DNA. Moreover, we find that XRCC4–XLF 
complexes robustly bridge two independent DNA molecules and that these bridges are able to slide along the DNA. These 
observations suggest that XRCC4–XLF complexes form mobile sleeve-like structures around DNA that can reconnect the 
broken ends very rapidly and hold them together. Understanding the dynamics and regulation of this mechanism will lead to 
clarification of how NHEJ proteins are involved in generating chromosomal translocations.
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