Chimeric nanobody conjugates as tools for selective opioid receptor modulation
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Introduction. G protein–coupled receptors (GPCRs) are the targets of 35% of approved drugs and regulate diverse physiological processes. The opioid receptor (OR) subset of GPCRs and their ligands are central to pain management. There are four OR subtypes and a broad repertoire of endogenous peptide ligands that often show limited receptor- or pathway-specificity, complicating efforts to realize highly selective responses. Ligands capable of conferring OR subtype selectivity and pathway-selective signaling would be highly valuable for mechanistic studies and therapeutic applications. We previously established a platform for generating chimeric conjugates consisting of ligands linked to GPCR-binding single domain antibodies (nanobodies, Nbs).1 Such conjugates frequently exhibit selective receptor modulation and may ultimately inform the development of safer opioid therapeutics.
Aims. We sought to produce Nb-ligand conjugates and determine their function across ORs and signaling pathways.
Methods. A library of chimeric conjugates was generated by linking OR-binding Nbs with endogenous opioid peptides (DynA8 and β-endorphin26) using a modular workflow that combined recombinant protein expression, enzymatic labeling, and click chemistry. We assessed conjugate activity in Gi, Gz, and β-arrestin signaling assays at both mu and kappa ORs (MOR and KOR).
Results. Conjugates consisting of the MOR antagonist-binding Nb (NbOR) and DynA8 exhibited modest agonist activity in Gi and Gz pathways with substantially reduced β-arrestin2 recruitment relative to the peptide per se. In contrast, NbOR–β-endorphin26 conjugates retained strong agonist activity across all pathways tested. This NbOR–β-endorphin26 conjugate lacked activity at KOR, demonstrating that Nb attachment can impose receptor subtype selectivity. 
Discussion. These novel conjugates provide mechanistic insights into how dualsteric Nb and ligand binding dictates signaling outcomes, with cryo-EM structural studies underway. Findings with these conjugates may guide the development of therapeutic candidates with properties difficult to achieve using more traditional approaches.
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