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[ Abstract] Bacteriorhodopsin (BR), which is one of the most famous photoreceptive
membrane proteins, can achieve its function of the light-energy conversion as a result of the
proton transfers and structural changes starting from the photoisomerization of the
chromophore. In the present study, divide-and-conquer density-functional based tight-binding
molecular dynamics (DC-DFTB-MD) simulations of BR were performed to elucidate the
microscopic mechanism of the proton transfers, in which all of the atoms were treated
quantum mechanically. From the metadynamics simulations for several tens of picoseconds
starting from one of the latest crystal structures of the intermediate states in the photocycle, it
is clarified that the proton transfer from the chromophore to Asp85 occurs on the basis of the
Grotthuss mechanism via the internal water and Thr89. In addition, the proton shuttling events
between Glul94 and Glu204 frequently take place in proton releasing group (PRG),
indicating that the excess proton in PRG is indeed delocalized. The present study
demonstrates the usefulness of DC-DFTB-MD as the fundamental framework for clarifying
the reaction mechanism in biological systems.
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band 7% 1800-2000 cm™ D IRENELFEE I CBLH STV B[1]. 36 TIE, proton shuttling
& continuum band & OXFILEMRICEE L CHiEiwmT 5.
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Fig. 1. Free energy profile for the deprotonation of the Fig. 2. Free energy profile for the proton
Schiff base as a function of the coordination number, ngg. shuttling in proton releasing group.
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