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Exploration of quantum effects on proton transfer reactions in biomolecules via
the determination of reaction pathways
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We developed the following two methods for constructing quantitative
potential energy surfaces (PESs) in condensed phase to quantitatively describe proton transfer
reactions in enzymes: The Indirect Gradient Enhanced Kriging method, which is a Gaussian process
algorithm with information of forces, was utilized to reduce the number of quantum chemical
calculations for PES constructions; the ONIOM approach was used to incorporate environmental effects

to our highly accurate LASSO potentials. Moreover, we performed anharmonic vibrational spectrum
analysis of an osmolyte molecule TMAO using a PES where density functional theory calculations were
hybridized with accurate electron-correlation calculations.
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