Mechanistic insights of how ataxin-3 binding is regulated by conformational changes in AAA+ ATPase VCP/p97
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Ataxin-3 (ATX-3), a deubiquitinase of the Machado-Joseph disease (MJD) protein family1, plays a critical role in regulating protein degradation through its interaction with valosin-containing protein (VCP/p97), an essential hexameric ATPase of the AAA+ superfamily2. ATX-3 binds the inter-lobe cleft of p97’s N-terminal domain (NTD) via its VCP-binding motif (VBM)3, modulating substrate processing within the ubiquitin-proteasome system (UPS) by remodelling polyubiquitin chains4. Under physiological conditions, this interaction ensures proteostasis by facilitating the clearance of misfolded proteins. However, expansion of ATX-3's polyglutamine (polyQ) tract results in toxic protein aggregation, disruption of p97 function, and the onset of spinocerebellar ataxia type 3 (SCA3). While high-resolution structures of isolated p97 have been resolved, structural characterization of p97 in complex with ATX-3 remains incomplete. Previous work suggests that ATX-3 binding is controlled by specific nucleotide states of p97’s D1 ATPase domain which induce up-down conformational changes of the NTD3, but this has yet to be confirmed structurally. In addition, elucidating the structure of p97 bound to both physiological and aggregation-prone forms of ATX-3 is essential for understanding their molecular interplay and how this interaction is disrupted in disease. We structurally unveil the interaction of p97 with healthy ATX-3 13Q (meaning 13 glutamines in the polyQ tract) using cryo-electron microscopy (cryo-EM). We show the VBM binding in detail and how the binding is exclusively possible in the more compact down conformation of p97’s NTD. Our high-resolution structures also allow for stoichiometry determination, and analysis of the relation between NTD positioning and nucleotide state in p97.
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