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Abstract: Therapeutic targeting of the heat-sensing ion 
channel human TRPV1 has long been hindered by polymodal 
activation by capsaicinoids, noxious heat, and extracellular 
protons, where modulating one gating stimulus frequently 
triggers on-target adverse side effects. Here, we present an 
integrative biophysical framework to decode mode-selective 
allosteric coupling in human TRPV1. Utilizing solution NMR 
spectroscopy and cheminformatics, we establish that 
protein conformational dynamic signatures directly bridge 
ligand chemical space with functional gating efficacy. 
Complementary single-particle cryo-EM reveals structural 
divergence among clinically relevant antagonist chemotypes 
engaged within the canonical orthosteric pocket, while 
functional concatemers demonstrate that distinct activation 
modalities proceed through structurally asymmetric gating 
networks. Together, these findings reveal that orthosteric 
engagement is both dynamically and structurally 
heterogeneous, establishing dynamic allosteric networks as 
the critical bridge connecting chemical diversity to modality-
selective pharmacology. 
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