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Theoretical study of the reaction dynamics in
the peptidyl-prolyl cis-trans isomerizase Pinl
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[ Abstract] Protein flexibility is essential for enzymes to function, yet the mechanism of
catalytic reactions has been highly controversial. Here we study the cis-tfrans isomerization
reaction catalyzed by Pinl to discuss how protein and ligand conformational changes occur
along the reaction. While free energy profiles can explain the catalytic effect, we show that
the enzymatic reaction proceeds through specific conformations, i.e. excited conformational
states formed in the reactant. The transition trajectories therefore do not overcome the barrier
in a simple thermodynamic manner. Furthermore, since the excited conformational state is
formed by specific hydrogen bonds, the reaction occurs via bond-alternations and the excess
energy is efficiently dissipated. As a result, the reaction path is direction-dependent and
possesses directionality, i.e. different paths are used depending on the reactant character. We
expect that the excited conformational states and specific bond switching mechanisms are
embedded in broader enzymes.
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