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Quantum Molecular Dynamics Simulations
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In biomolecular systems, protons ubiquitously exist in various forms, and
show complex dynamical behavior coupled with the electron-state changes and structural changes in
the surrounding environment. The resulting proton transfer reactions play a vital role in the
mechanisms for achieving functions on life phenomena. In this study, we developed a theoretical
framework based on our original quantum molecular dynamics (QMD) method for clarifying the
microscopic mechanisms in biological processes, and applied it to photoreceptive proteins. As a
result, we succeeded in extending the QWD method for huge, long-time, excited-state, or nonadiabatic

dynamics. Moreover, we revealed the molecular mechanisms involving ubiquitous protons via hydronium
or hydroxide ions for achieving biological functions in proton pumps and channels.
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