Structural and pharmacological characterisation of novel bitopic ligands at the M4 muscarinic acetylcholine receptor
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Introduction. Bitopic ligands contain two distinct pharmacophores, which are connected by a linker, allowing concomitant binding to the orthosteric and allosteric sites of the same receptor. These ligands, in theory, have advantageous properties such as improved subtype selectivity, higher affinity, and bias signalling. As such, in the context of the M4 muscarinic acetylcholine receptor (M4R), bitopic ligands may represent an innovative approach for the development of novel compounds with distinct mechanisms of action. 
Aims. To elucidate the structural and pharmacological characteristics of novel bitopic ligands at the M4R.

Methods. We used cryo-electron microscopy to solve the active state structures of the M4R bound to two bitopic ligands. These rationally designed compounds contain the FDA-approved ligand, xanomeline, joined to a well-characterised M4R positive allosteric modulator, by polymethylene or polyamide linkers. We then pharmacologically profiled these ligands at the M4R through mutagenesis in a recombinant cell system.

Results. Structural determination revealed, for the first time, concomitant occupation of the orthosteric and allosteric sites of the receptor by a single ligand, validating bitopic ligand binding at the M4R. Key interactions between these ligands and the M4R were identified and validated through mutagenesis in G protein activation and ERK1/2 phosphorylation assays. 
Discussion. This study integrates structural biology, mutagenesis, and pharmacological characterisation to advance our mechanistic understanding of M4R activation and signalling. The validation of bitopic ligand engagement represents a novel approach in targeting the M4R and provides a foundation for future structure-guided drug design.
