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High-resolution protein structure determination techniques have had various advancements in recent years,
encouraging the study of structure-function relationships in proteins. While such techniques provide high-resolution
snapshots of protein structure at select functional states, a detailed picture of protein dynamics can be currently
produced only using all-atom molecular dynamics simulation technique. Various challenges have, however, hindered
the use of molecular dynamics to study the functionally important biomolecular processes such as large-scale
conformational changes of proteins. Such functionally important conformational changes often occur on timescales
inaccessible to brute-force molecular dynamics. Many enhanced sampling techniques have been developed to address
these limitations. However, brute-force molecular dynamics remains the most common method for the computational
study of biomolecular systems such as membrane transport proteins. The functionally relevant transitions, on the other
hand, are studied using simplistic models. We have been developing methodologies that can characterize the
functionally relevant processes in biomolecular systems without compromising the chemical details. These
methodologies specifically employ state-of-the-art statistical techniques to enhance the sampling of protein
conformational space and use large supercomputing resources to perform ensemble-based molecular dynamics
simulations. Several applications will be discussed including the full characterization of transport cycle of a membrane
transporter.
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