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Progress in protein structure prediction has led to near-complete atomistic models of the 
proteomes of many organisms, though most of these models are still to be experimentally verified. 
Despite this progress, how large membrane protein complexes navigate their conformational 
space in a directed and often reversible manner remains elusive. Additionally, the kinetic barriers 
and the thermodynamic parameters underlying these conformational changes are least 
understood. Another overarching challenge is assessing the relevance of the experimentally 
resolved or predicted structures in their native surroundings. Building on our past and ongoing 
works, I will demonstrate the feasibility of addressing these fundamental questions using electron 
spin resonance (ESR) spectroscopy techniques. By focusing on key membrane protein complexes 
involved in transport and protein folding, I will illustrate the methodological developments and 
applications on how ESR spectroscopy can provide insights into their conformational 
heterogeneity, energetic landscapes, and functional mechanisms under in vitro and in situ 
conditions. These approaches not only enhances our understanding of membrane transport 
mechanisms but also bridges the gap between structures and their biological function. 
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