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Introduction. Positive allosteric modulators (PAMs) represent a promising pharmacological approach to enhance opioid receptor signalling with improved selectivity and reduced side effects. However, the structural basis for allosteric modulation at the delta opioid receptor (DOR) remains poorly understood.
Aims. This study aimed to elucidate the structural basis of DOR allosteric modulation by a novel small-molecule PAM and to use this information to guide structure–activity relationship (SAR) efforts.
Methods. We determined a high-resolution cryo-EM structure of DOR bound to the PAM, combined with structure-guided mutagenesis and pharmacological profiling in heterologous cell systems and ex vivo neuronal tissues.
Results. The structure revealed a previously uncharacterised allosteric site involving a conserved sodium binding residue. Key interactions within this site were identified and validated through mutagenesis. The PAM selectively enhanced agonist-induced DOR signalling, and SAR guided by the structure led to analogues with improved affinity.

Discussion. This study integrates structural biology, mutagenesis, and pharmacological profiling to advance our mechanistic understanding of delta opioid receptor allosteric modulation. The identification of a novel binding site overlapping the sodium pocket, along with validated interactions critical for PAM activity, provides a foundation for future structure-guided design. These findings represent an important step toward rational development of allosteric modulators with improved pharmacological profiles.

