Investigating the impact of binding kinetics on biased signalling at GLP-1R
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Introduction. Tirzepatide is a dual-GIP/GLP-1 receptor agonist that has demonstrated superior efficacy in terms of weight loss and glycemic control compared to mono-GLP-1R agonists. The contribution of GIPR activation to this superior efficacy is currently unknown. Tirzepatide also acts as a partial agonist at GLP-1R compared to GLP-1 in terms of G protein signalling and is reported to cause less receptor desensitization and internalization relative to GLP-1.
Aims. This project aimed to investigate the binding kinetics and signalling properties of the non-lipidated precursor of tirzepatide (NLT) compared to native GLP-1 at GLP-1R.
Methods. G protein and arrestin recruitment to GLP-1R, as well as agonist-mediated receptor endocytosis, were assessed using BRET-based methods. Binding assays were performed using HEK-293 cells stably expressing Nluc-GLP‑1R and fluorescently labelled LUXendin645. The affinities of GLP-1 and NLT were calculated using the Cheng-Prusoff method, and association and dissociation rates were calculated using the Motulsky-Mahan method.
Results. NLT recruited mini-Gs to GLP-1R with a lower Emax (P=0.037) than GLP-1. Unlike GLP-1, NLT-mediated arrestin recruitment to GLP-1R was undetectable, and NLT-stimulated receptor endocytosis occurred at a slower rate (P=0.026) and to a lesser extent (P=0.0049) than GLP-1. In contrast, NLT had a higher affinity (P=0.0005) for Nluc‑GLP‑1R compared to GLP-1. There was no difference in their rate of dissociation; however, NLT's rate of association was faster (P=0.0008) than that of GLP-1.
Discussion. NLT is a G protein-biased agonist at GLP-1R and a partial agonist in terms of G protein recruitment relative to native GLP-1. A faster rate of association drives NLT's higher affinity for Nluc-GLP-1R relative to GLP-1.
