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            Abstract
Histones are ubiquitinated in response to DNA double-strand breaks (DSB), promoting recruitment of repair proteins to chromatin1. UBC13 (also known as UBE2N) is a ubiquitin-conjugating enzyme (E2) that heterodimerizes with UEV1A2 (also known as UBE2V1) and synthesizes K63-linked polyubiquitin (K63Ub) chains at DSB sites in concert with the ubiquitin ligase (E3), RNF168 (ref. 3). K63Ub synthesis is regulated in a non-canonical manner by the deubiquitinating enzyme, OTUB1 (OTU domain-containing ubiquitin aldehyde-binding protein 1), which binds preferentially to the UBC13âˆ¼Ub thiolester4. Residues amino-terminal to the OTU domain, which had been implicated in ubiquitin binding4, are required for binding to UBC13âˆ¼Ub and inhibition of K63Ub synthesis5. Here we describe structural and biochemical studies elucidating how OTUB1 inhibits UBC13 and other E2 enzymes. We unexpectedly find that OTUB1 binding to UBC13âˆ¼Ub is allosterically regulated by free ubiquitin, which binds to a second site in OTUB1 and increases its affinity for UBC13âˆ¼Ub, while at the same time disrupting interactions with UEV1A in a manner that depends on the OTUB1 N terminus. Crystal structures of an OTUB1â€“UBC13 complex and of OTUB1 bound to ubiquitin aldehyde and a chemical UBC13âˆ¼Ub conjugate show that binding of free ubiquitin to OTUB1 triggers conformational changes in the OTU domain and formation of a ubiquitin-binding helix in the N terminus, thus promoting binding of the conjugated donor ubiquitin in UBC13âˆ¼Ub to OTUB1. The donor ubiquitin thus cannot interact with the E2 enzyme, which has been shown to be important for ubiquitin transfer6,7. The N-terminal helix of OTUB1 is positioned to interfere with UEV1A binding to UBC13, as well as with attack on the thiolester by an acceptor ubiquitin, thereby inhibiting K63Ub synthesis. OTUB1 binding also occludes the RING E3 binding site on UBC13, thus providing a further component of inhibition. The general features of the inhibition mechanism explain how OTUB1 inhibits other E2 enzymes4 in a non-catalytic manner.
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                    Figure 1: 
                        Allosteric regulation of OTUB1 by ubiquitin.
                      [image: ]


Figure 2: 
                        Structure OTUB1â€“UBC13 and OTUB1â€“Ubalâ€“UBC13
                        DCA
                        âˆ¼Ub.
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Figure 3: 
                        Conformational changes in the OTU domain triggered by Ubal binding.
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Figure 4: 
                        OTUB1 N-terminal arm and the mechanism of E2 inhibition.
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        Editorial Summary
OTUB1 and the DNA damage response
Modification of proteins with ubiquitin is important for a range of cellular processes. Ubiquitylation is a reversible process in which deubiquitylating enzymes (DUBs) remove ubiquitin from protein substrates. OTUB1 is an atypical DUB that prevents ubiquitin attachment and is important in the DNA damage pathway. In this study, Cynthia Wolberger and colleagues present structural analysis of OTUB1 in complex with an E2 ubiquitin-conjugating enzyme. The study reveals that the ability of OTUB1 to inhibit ubiquitin-chain synthesis is regulated by an allosteric feedback mechanism, in which binding of free ubiquitin or K63-linked ubiquitin chains to OTUB1 converts it into a repressor.
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