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    Abstract
Vertebrate DNA crosslink repair is a crucial process that excises toxic replication-blocking DNA interstrand crosslinks1. This pathway fails in the inherited human disease Fanconi anemia (FA), resulting in abnormal development, loss of blood production, and marked cancer susceptibility2. Numerous factors involved in crosslink repair have been identified, and mutations in their corresponding genes cause FA3. A biochemical description of how FA gene products might initiate the removal of DNA crosslinks is now emerging. However, structural insight into this vital process has been limited. Here, we use electron cryomicroscopy (cryoEM) to determine the structure of a key DNA crosslink repair factor – FANCD2 heterodimerized with FANCI (D2-I). Recombinant chicken D2-I adopts a conformation that is in agreement with the structure of its murine counter-part4. In contrast, the activated monoubiquitinated form of D2-I (ubD2-I) adopts an alternative closed conformation, creating a channel that encloses double-stranded DNA. Ubiquitin is positioned at the interface of FANCD2 and FANCI, and acts as a molecular pin to trap ubD2-I in the closed conformation, clamped on DNA. The new solvent-exposed interface around the monoubiquitination site is likely a platform for recruitment of other DNA repair factors. We also find that isolated FANCD2 is a dimer, but it adopts a closed conformation that is unable to bind DNA. When incubated with free FANCI, the FANCD2 homodimer exchanges to D2-I, acquiring DNA binding properties. This suggests an autoinhibitory mechanism that prevents FANCD2 activation on DNA until after assembly with FANCI. Together, our cryoEM and biochemical analysis suggests that D2-I is a clamp that is locked onto DNA by ubiquitin, and provides unanticipated new insight into the regulation and the initiation of DNA cross-link repair.
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