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            Abstract
Histone chaperones represent a structurally and functionally diverse family of histone-binding proteins that prevent promiscuous interactions of histones before their assembly into chromatin. DAXX is a metazoan histone chaperone specific to the evolutionarily conserved histone variant H3.3. Here we report the crystal structures of the DAXX histone-binding domain with a histone H3.3–H4 dimer, including mutants within DAXX and H3.3, together with in vitro and in vivo functional studies that elucidate the principles underlying H3.3 recognition specificity. Occupying 40% of the histone surface-accessible area, DAXX wraps around the H3.3–H4 dimer, with complex formation accompanied by structural transitions in the H3.3–H4 histone fold. DAXX uses an extended α-helical conformation to compete with major inter-histone, DNA and ASF1 interaction sites. Our structural studies identify recognition elements that read out H3.3-specific residues, and functional studies address the contributions of Gly 90 in H3.3 and Glu 225 in DAXX to chaperone-mediated H3.3 variant recognition specificity.
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                    Figure 1: 
                        Structure of the ternary complex of DAXX histone-binding domain (HBD, 178-389) bound to histones H3.3 and H4, and comparison with the ternary HJURP–CENPA–H4 complex.
                      


Figure 2: 
                        DAXX competes with major DNA interactions sites and prevents histone tetramer formation through conformational changes in H3.3.
                      


Figure 3: 
                        DAXX uses an extended α-helical conformation to compete with ASF1 interaction sites.
                      


Figure 4: A structural role for H3.3 G90 as the major determinant for H3.3 variant specificity of DAXX  in vivo. 


Figure 5: 
                        The DAXX tower provides H3.3 G90 specificity through direct and water-mediated contacts with H3.3 αN, α1 and α2 helices.
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                Data deposits

                Atomic structures of the DAXX–H3.3–H4 complex have been deposited in the RCSB Protein Data Bank with accession codes 4H9N (five-substituent native complex at 1.95A˚ ), 4H9S (seven-substituent native complex at 2.60A˚ ), 4H9O (five-substituent H3.3(G90M) mutant complex at 2.05A˚ ), 4H9P (five-substituent H3.3(G90A) mutant complex at 2.20A˚ ), 4H9Q (five-substituent DAXX(E225A) mutant complex at 1.95A˚ ) and 4H9R (five-substituent DAXX(E225A)–H3.3(G90A) mutant complex at 2.20A˚ ). Supplementary Video 1 shows the ternary five-substituent native complex of DAXX–H3.3–H4.
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        Editorial Summary
Histone-bound DAXX protein structure
Histone variants are thought to have specialized functions, allowing them to create distinct chromatin states at different genomic locations, and also have specialized modes of deposition by histone chaperones. DAXX is a histone chaperone specific for the histone variant H3.3, and mutations in both DAXX and H3.3 are found in cancers. Here, Dinshaw Patel and colleagues describe crystal structures of the DAXX histone-binding domain bound to a histone H3.3/H4 dimer. The structures reveal that DAXX wraps around the H3.3/H4 dimer and alters its conformation, and explain the specificity of DAXX for the H3.3 variant, despite the minimal changes in amino-acid sequence between H3 family members.
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