Engineering nanobody-peptide conjugates to dissect GPCR function in diabetes and obesity
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Introduction. G protein-coupled receptors (GPCRs) are the largest collection of cell surface receptors. The glucagon receptor (GCGR) and the incretin receptors glucagon-like peptide 1 receptor (GLP1R) and gastric inhibitory polypeptide receptor (GIPR), are GPCRs that are activated by peptide hormones and play important roles in type 2 diabetes and obesity. Recent findings have demonstrated that administration of engineered peptide hormones displaying GIPR/GLP-1R/GCGR co-agonism promotes greater body weight loss and superior glycemic control compared with GLP-1R agonism alone. However, the potential pharmacological mechanism(s) by which these benefits are conferred remain under explored.

Aims. Develop new tools to dissect the individual GPCR-mediated mechanisms underlying therapeutic responses imparted by multi-agonist treatments for diabetes and obesity.
Methods. Ongoing work from our group has shown that antibody fragments (nanobodies, Nbs) can be used to deliver peptide hormones to cell types of choice to increase potency and specificity. We hypothesized that Nbs linked to co-agonist peptides could enable delivery to cell types and tissues of interest. Toward this end, Nbs that bind to cell- and tissue-specific markers are needed. Using flow cytometry and enzyme-linked immunosorbent assays we evaluated the performance of antibody fragments raised against GLP-1R and GCGR. These Nbs were then conjugated to a synthetic glucagon-derived triple agonist peptide via enzymatic labeling and click chemistry. 
Results. A majority of these Nbs showed high target affinity and specificity during characterization and as Nb-peptide hormone conjugates show potent, biased receptor activation contingent on the expression of the Nb target receptor. 
Discussion. This Nb-driven receptor specificity will be leveraged to activate GIPR/GLP-1R/GCGR in a cell type- and tissue-specific manner. Tools for targeting and mechanistically probing GPCRs involved in diabetes and obesity, two globally expanding epidemics, will be highly valuable for guiding the development of impactful therapeutics with fewer side effects.
