Dissecting the role of differential phosphorylation in mGlu5 signalling and regulation
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Introduction. Metabotropic glutamate receptor 5 (mGlu​5) plays a key role in important neurobiological processes and is implicated in multiple CNS disorders (Gregory et al, 2020). Through pleiotropic signalling, mGlu5 interacts with multiple kinases, such as Ca2+/calmodulin kinase 2 (CaMKII) and protein kinase C (PKC) which also regulate mGlu5 activity. However, little is known about how kinase interactions with mGlu5 affect signalling and regulatory processes in response to chemically divergent mGlu5 activators. 
Aims. To assess the effects of mutating kinase interaction domains within mGlu5 on acute mGlu5 signalling and receptor desensitisation in response to structurally and functionally diverse mGlu5 agonists
Methods. 15 novel and known mGlu5 phosphorylation sites were mutated to alanine individually or in combination; mutant and wild type rat mGlu5 were stably transfected in HEK293A cells. Receptor expression was determined by radioligand binding. Two orthosteric (glutamate, DHPG) and two allosteric (VU0424465, VU0409551) agonists were tested using Ca2+ mobilisation assays. Pharmacological parameters were derived using operational and kinetic models of agonism.
Results. mGlu5 phosphorylation site mutations differentially affected ligand potency, Emax and time to peak in a mutation and ligand dependent manner. VU0409551 potency was not significantly affected by any mutation, with the exception of a known CaMKII phosphorylation site. Allosteric, but not orthosteric, agonists displayed concentration-dependence in time to peak, with known PKC phosphorylation sites significantly delaying time to peak. 
Discussion. Here we reveal kinases differentially pattern canonical mGlu5 signalling, with notable difference between orthosteric and allosteric agonists. Our data highlight the importance of rigorous characterisation of mGlu5 pharmacology, especially with regards to unappreciated aspects such as receptor-kinase interactions. 
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