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In this project, large-scale molecular dynamics (MD) simulations for proteins were
performed using supercomputers in order to elucidate their dynamic functions in conjunction
with structural-biology data such as small-angle x-ray scattering (SAXS), nuclear magnetic
resonance (NMR) and ion mobility mass spectrometry (IMMS). This project was composed of
studies supporting other researchers using our MD techniques and the improvements of our
technologies. In our MD simulations, supercomputer CRAY XEG6 installed in Yokohama City
University was utilized substantially. Solution structures of proteins were investigated using
MD simulations in combination with structural-biology data. Twelve studies supporting other

researchers were performed in this project.

In the study supporting Prof. Murata of Chiba University, multiscale MD simulations in
which all-atom and coarse-grained MD simulations were combined were carried out for the
membrane supramolecular system, V-type ATPase from recently determined crystal structures.
The molecular mechanism underlying rotary motions of V-type ATPase was elucidated on the

basis of results of the MD simulations.

In the study supporting Prof. Murakami of Tokyo Institute of Technology, all-atom MD
simulations for multidrug efflux transporter AcrB were performed, and the mechanism
underlying the multidrug efflux of AcrB was investigated. Further, the motion tree method,

2



which has been developed by our group, was applied to AcrB for understanding conformational

changes in AcrB.

In the study supporting Prof. Nishimura of Yokohama City University, replica-exchange MD
simulations for the chromo domain of heterochromatin protein 1 (HP1) and histone tail were
performed to analyze the effects of the HP1 phosphorylation on the interaction between HP1 and
the histone tail.

In the study supporting Prof. Ito of Showa Pharmaceutical University, all-atom MD
simulations for the ligand-binding domain of the Vitamin D receptor in antagonist-bound and
free forms were performed. From the results of the MD simulations and SAXS data, a function
model of Vitamin D receptor was proposed. Eight other supporting studies were performed in

this project.

As for improvements of our technologies, computational methods of molecular modeling
using MD simulations in combination with structural biology data such as SAXS, NMR and
IMMS had been developed. In collaboration with the group of Prof. Nishimura of Yokohama City
University, a computational method to determine solution structures from NMR chemical shifts
was developed and was applied to the H2A/H2B dimer of histones. To model substantially
flexible proteins such as intrinsically disordered proteins, coarse-grained MD simulations were
combined with SAXS data. Further, to accurately predict binding free energies of ligands to
proteins, computational methods for hydration free energies and configurational entropies of

ligands and proteins were developed in this project.
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