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Introduction. Structural pharmacology provides powerful insights into the mechanisms of opioid receptor modulation, enabling rational design of ligands with improved selectivity and safety. Both allosteric modulation and biased agonism represent promising strategies to achieve analgesia while reducing adverse effects, yet the structural determinants underlying these phenomena remain incompletely defined.
Aims. This study aimed to elucidate structural mechanisms of opioid receptor modulation across two paradigms—positive allosteric modulation at the delta opioid receptor (DOR) and biased agonism at the mu opioid receptor (MOR)—and to use these insights to guide drug design.
Methods. We combined high-resolution cryo-EM structural determination, structure-guided mutagenesis, and pharmacological profiling in heterologous systems and ex vivo neuronal tissues.
Results. Structural analyses revealed novel features of allosteric modulation at DOR, including a previously uncharacterised binding site overlapping the sodium pocket, validated by mutagenesis and structure–activity relationship studies. Parallel pharmacological investigations at MOR highlighted key structural determinants of biased agonism, providing mechanistic insights into signalling selectivity. Together, these findings identify conserved and divergent molecular principles governing opioid receptor modulation.
Discussion. This integrative structural and pharmacological approach advances our understanding of how allosteric modulators and biased agonists engage opioid receptors. The identification of critical binding interactions and conformational features provides a framework for the rational design of next-generation opioid therapeutics with enhanced safety and efficacy profiles.
