Dynamically-coupled enzyme catalysis: insight from simulation of hydrogen tunnelling.
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The prevalence of hydrogen tunnelling in enzymatic reactions has been revealed experimentally from the magnitude and temperature dependent behaviour of rate constants and kinetic isotope effects (KIEs).  The proposed role of compressive motion in promoting enzymatic H-transfer is contentious.  An atomic-level description of the reaction chemistry of two enzyme-catalysed reactions dominated by proton tunnelling - obtained through an integrated study incorporating both experiment and computer simulation - will be presented.  Our simulation and modelling studies reveal that, in the oxidative deamination of tryptamine catalysed by the enzyme aromatic amine dehydrogenase, proton tunnelling is promoted by a short-range motion modulating proton-acceptor distance, and no long-range coupled motion is required.  They also reveal that, in the reductive half-reaction catalysed by morphinone reductase, hydride transfer from NADH to FMN is dominated by tunnelling and that a key active site mutation produces multiple reactive configurations.
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