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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction. The M4 muscarinic acetylcholine receptor (M4 mAChR) has become an emerging therapeutic target for the treatment of various neurological disorders, including schizophrenia and Alzheimer’s disease. However, underlying mechanisms of M4 mAChR internalisation and trafficking, and how they affect drug responses, remain unclear. Mechanistic understanding of agonist-mediated M4 mAChR regulation is essential for development of new therapeutics.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Aims. This study aims to characterise the ligand-induced trafficking profile of the M4 mAChR, and address the role of G proteins, G protein-coupled receptor kinases (GRKs) and β-arrestins in M4 mAChR internalisation. 
Methods. Parental HEK293A cells and different CRISPR/Cas9-edited cell lines with selected deletions of the endogenous β-arrestins, G-proteins, or GRKs were transiently co-transfected with the Rluc8-tagged human M4 mAChR and different GFP-tagged biosensors located in distinct cellular compartments (CAAX, FYVE, Rab4 and Rab11). The bioluminescence resonance energy transfer (BRET) assay was utilized to quantify internalization and subcellular trafficking of the M4 receptor following stimulation with different agonists (ACh, iperoxo, and two clinical candidates, xanomeline and emraclidine).
Results. All ligands promoted a concentration-dependent and rapid internalisation of the M4 receptor into early endosomes with different efficacies before it traffics through recycling pathways. Knockout of G-proteins or non-visual GRK2/3/4/5/6 significantly affected the internalisation of the M4 mAChR by reducing the Emax and potencies of the ligands. Moreover, β-arrestins, G-proteins and GRKs are found to be critical in trafficking of the M4 receptor from the cell membrane to the early endosome.
Discussion. The data suggest that internalisation and subcellular trafficking of the M4 mAChR is regulated by G-proteins, GRKs and β-arrestins. This finding provides novel insights into the ligand-mediated M4 mAChR internalisation and trafficking which could be potentially targeted for the design of optimally efficacious drugs to treat neurological diseases.
