Blueprint for rational design of biased agonists at GPCRs
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Introduction. The intrinsic conformational plasticity of G protein–coupled receptors (GPCRs) enables diverse intracellular signalling responses. Biased agonism exploits this property by selectively stabilising receptor states that favour specific signalling pathways. However, despite its therapeutic promise, biased agonism remains difficult to engineer rationally. We hypothesise that bitopic ligands simultaneously engaging orthosteric and allosteric GPCR sites could offer a powerful strategy for controlling signalling bias.
[image: image1.emf]Aims. To develop a structure-guided blueprint for the design of biased orthosteric–allosteric bitopic ligands at GPCRs, using muscarinic receptors (M1–M5R) as a model. 
Methods. To synthesis and pharmacologically characterise bitopic ligands linking xanomeline, an orthosteric M1-M4R agonist with Merck97, an M4R allosteric modulator, based on our recent cryo-EM structure of M4R bound to xanomeline and Merck97 (Fig. 1A).
Results. All bitopic ligands displayed improved affinity and functional activity relative to the parent agonist, xanomeline, and parent allosteric ligand, Merck97, in extracellular signal-regulated kinases 1 and 2 phosphorylation (pERK1/2). Additionally, all bitopic ligands displayed a profound M1/M4R selectivity over M2, M3 and M5R. Several bitopic ligands, including MIPS4169, exhibited a 1,000-fold biased towards pERK over Gi protein activation at the M4R (Fig. 1B). This prompted us to solve the cryo-EM structure of MIPS4169 at the M4R and demonstrate the power of structure-based drug design for biased agonist at GPCRs.
Conclusion. This study is the first to deliver in vitro pharmacology and structural validation of a series of novel bitopic ligands targeting the M1/M4 mAChRs, designed to combine the orthosteric efficacy of xanomeline with the allosteric selectivity of an M4R allosteric modulator in a single chemical entity.
