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Key Sentences:

1. Understand dynamics of biological membrane and membrane proteins

2. Understand macromolecular crowding environments in cell

3. Development of novel free-energy calculation methods

4. Development of vibrational analysis method based on ab initio quantum chemistry
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Outline

Research in our group employs theoretical and computational methods to elucidate the structure and dynamics of
macro-molecular systems in biology and materials. The ultimate goal is to find new molecular functions relevant
to medical, environmental, and new energy applications. The group, being in an interdisciplinary area of chemical
and biophysical theory, involves development of new molecular models and computational algorithms. Our
interest is to provide a molecular level of understanding on various phenomena such as: large-scale structure
transformations in biomolecules (protein, nucleic acid, glycan, membrane, etc.); proton and electron transfer in
solution or biological environment; the electronic and vibrational structure; the effect of solvent and molecular
crowding on biological functions; and so on. We highly appreciate collaboration with experimentalists, in which
active discussion with them helps our research stand out from others. Furthermore, we challenge the breakthrough
of current limits of simulation in terms of both size and time embracing the super-computer “K”.

1. Dynamics and function of biological membranes and membrane proteins (Re, Yagi, Mori, Nishima, Li,
Mizukami, Komuro, Sugita)

Membrane proteins play important roles in a variety of biological functions, e.g. bioenergy generation/conversion
and transport of materials across membranes. Recent advances in X-ray crystallography have enabled the
structural studies of membrane proteins at atomic resolution. We perform extensive molecular dynamics (MD)
simulations to explore the dynamics of membranes and membrane proteins at the biologically relevant time scales.
All-atom MD simulations are used for membrane protein simulations, while biological membranes are
investigated using coarse-grained MD simulations. Current research topics include multi-drug transporter,
translocon, ion pump, ion channel, bacterial outer membrane etc. We collaborate with experimentalists to compare
the simulation data with molecular spectroscopy of lipid bilayers and water at the interface of lipid bilayers.

2. Understanding of cellular environments (Yu, Wang, Galvelis, Mori, Sugita)

The cytoplasm of a cell is crowded with a huge number of proteins, nucleic acids, metabolites, and so on. We
study such cellular environments by performing all-atom molecular dynamics simulations in massively parallel
supercomputers like K. We have interests on diffusion, conformational stability, and ligand binding of proteins in
the cytoplasm. We also investigate model systems of the cytoplasm for comparing the simulations with NMR
measurements directly.

3. Development of novel free-energy calculation methods (Mori, Galvelis, Li, Komuro, Kulik, Sueyasu,
Sugita)

Important protein dynamics happens typically on the time-scale of microseconds or much slower. The
conventional MD simulations using the all-atom molecular models are not powerful enough to study such slow
motions. The replica-exchange molecular dynamics (REMD) method is one of the enhanced conformational
sampling techniques and has been now widely used in protein folding, dynamics, and aggregation studies. We
recently developed surface-tension REMD, a new type of REMD for simulating biological membrane systems
more efficiently. We also combined recently developed exchange schemes (Suwa-Todo method and
Infinite-Swapping method) with the metadynamics method and named this new method as Replica State
Exchange Metadynamics. For structure prediction, we showed that multi-dimensional umbrella sampling is useful
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as well as temperature-REMD.

4. Molecular vibrational analysis using ab initio guantum chemistry (Yagi, Otaki, Thomsen, Sugita)
Molecular vibrational analysis is a popular experimental method to study atomic structure and dynamics of
various molecular systems. However, it was difficult to compare the experimental vibrational data with
simulations, previously. We developed novel anharmonic vibrational analysis based on ab initio quantum
chemistry. In combination with extensive conformational sampling by molecular dynamics simulations, we could
compute vibrational spectra of various molecular systems including proteins, biological membranes, and water
filtering membrane.
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