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Introduction. Nicotinamide adenine dinucleotide (NAD+) is a ubiquitous biomolecule essential for cellular life. Beyond its role in redox metabolism, NAD+ serves as a substrate for diverse enzymes in NAD+-dependent signaling pathways, including NAD+ glycohydrolases. We recently established that Toll/interleukin-1 receptor (TIR) domains are NAD+-glycohydrolysing enzymes, including the axon degeneration factor sterile alpha and TIR motif containing 1 (SARM1) and diverse bacterial TIR proteins implicated in antiphage immunity. These findings open new opportunities for small-molecule inhibitor discovery against this rapidly expanding enzyme class.
Aims. We set out to discover small-molecule inhibitors against NAD+ glycohydrolases such as SARM1, define their molecular mechanism(s) of inhibition, and establish a platform for rational optimisation toward drug-like leads.
Methods. We performed biophysical/biochemical compound screenings, NMR spectroscopy, X-ray crystallography, enzyme kinetics, and cellular assays to discover small-molecule inhibitors and characterise their inhibition mechanisms for further optimisation.
Results. We uncovered a base-exchange mechanism that enables in situ coupling of small molecules with NAD+ to produce potent inhibitors. Structural and mechanistic studies revealed an unexpected route to orthosteric inhibition via NAD+-analogue formation from the exchange of its nicotinamide moiety with heterocyclic compounds. Leveraging this molecular mechanism, we expanded inhibitor discovery across SARM1 and additional NAD+ glycohydrolases, providing starting points for potency, selectivity, and cellular efficacy optimisation.
Discussion. Our findings provide a mechanistic framework to guide the rational design of orthosteric inhibitors for NAD+ glycohydrolases, particularly in light of recent developments and mixed outcomes in the discovery of a growing number of orthosteric SARM1 inhibitors. Building on this mechanism, we also propose a fragment-based approach to discover additional base-exchange inhibitors targeting various NAD+ glycohydrolases.
