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Introduction. G protein–coupled receptors (GPCRs) are key therapeutic targets, yet most drugs act at orthosteric sites, often overriding endogenous signalling and contributing to adverse effects. Allosteric modulation offers a route to more precise and physiologically relevant control of receptor activity but remains challenging to achieve with small molecules, particularly for peptide-activated GPCRs such as opioid receptors.

Aims. This project aims to develop a structure-guided strategy to engineer de novo protein-based allosteric modulators that amplify endogenous peptide signalling in a receptor- and ligand-selective manner.

Methods. Computational protein design methods were used to generate candidate binders targeting extracellular allosteric surfaces of peptide-bound GPCRs, including opioid receptors. Selected designs were expressed with fluorescent tags and evaluated using biophysical and cell-based assays to assess receptor binding. Functional effects were characterised using pharmacological assays measuring ligand binding kinetics, signalling potency, efficacy, and pathway bias, with structural validation by cryo-electron microscopy.
Results. Initial studies demonstrate the generation of structurally diverse binders with favourable in silico properties and detectable expression in experimental systems. Early data indicate that these designs can engage receptor–peptide complexes, supporting the feasibility of targeting extracellular allosteric sites to modulate endogenous signalling.
Discussion. These findings establish a scalable platform for engineering protein-based allosteric modulators of GPCRs. By stabilising peptide–receptor interactions and increasing ligand residence time, this approach enables selective amplification of endogenous signalling rather than replacement with long-acting agonists. This work introduces a new paradigm for GPCR pharmacology with broad applicability across receptor classes and potential to improve therapeutic selectivity and safety.
