Dynamic Modulation of Amylin Receptor Subtypes by RAMPs Revealed through HDX-MS
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Introduction. Receptor activity-modifying proteins (RAMPs) are critical modulators of class B1 G protein-coupled receptors (GPCRs), altering receptor pharmacology, trafficking, and signalling. The calcitonin receptor (CTR) forms heterodimers with each of the three RAMPs to generate amylin receptors (AMYRs), which display distinct agonist selectivity and signalling profiles. Although recent cryo-electron microscopy (cryo-EM) structures have provided insights into AMYR architecture in active states, the dynamic and mechanistic basis of RAMP-dependent modulation of the CTR remains poorly understood.

Aims. To define how individual RAMPs allosterically influence CTR conformational dynamics in both ligand-free and ligand-bound states. Using time-resolved HDX-MS, we sought to capture the temporal and structural features of RAMP-dependent modulation, providing mechanistic insight into how RAMPs shape CTR architecture and signaling.
Methods. Hydrogen deuterium exchange mass spectrometry (HDX-MS) was used to probe the conformational dynamics of the CTR alone and in complex with each of the three RAMPs in the apo (ligand-free) state. Changes in deuterium uptake were analyzed to identify dynamic signatures within CTR domains and across RAMP subtypes.
Results. RAMPs differentially influenced the flexibility of key CTR domains, including extracellular loops, transmembrane helices, and intracellular regions critical for G protein engagement. Subtype-specific dynamic signatures were observed in the transmembrane and C-terminal regions of the RAMPs, highlighting distinct allosteric modulation of the CTR by each subtype.
Discussion. Our findings reveal the molecular basis by which RAMPs differentially shape CTR conformational dynamics and signaling potential, bridging the gap between static structural snapshots and functional pharmacology. This mechanistic insight into RAMP-dependent modulation of amylin receptors advances our understanding of GPCR allostery and has direct implications for the rational design of next-generation amylin-targeted therapeutics for obesity and type 2 diabetes.
