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Theoretical prediction of mutations that speed up substrate transportation in
transporter protein
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In this project, we used molecular dynamics simulations to elucidate the
structural transition dynamics during substrate transport by transporter proteins, and to predict
mutations that alter the substrate transport rate. We performed all-atom simulations of the
transition dynamics between the inward- and outward-open conformations during substrate transport in

the Nat+/H+ antiporter PaNhaP, and identified the opening of the outside hydrophobic gate as the
rate-limiting process. Then, we experimentally measured the substrate transport rate of the mutant
with weakened interaction of the outside hydrophobic gate, and confirmed that the substrate
transport rate was enhanced compared with the wild type. This study helped to elucidate the
mechanism of functional regulation of the transporter.
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