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We supported researches on protein function analysis, enzyme modification, and protein—protein
and protein—ligand complex structure predictions, using knowledge-based methods and informatics
technologies for protein structure and protein interaction prediction and using molecular dynamics
(MD) simulations for detailed protein-structure analysis.

Specifically, we supported the following research themes: (1) Overdominance effect of the bovine
ghrelin receptor (GHSR1a)-DelR242 locus on growth in Japanese Shorthorn weaner bulls (modeling
of the bovine GHSR dimer and Goa(q) protein complex), (2) Investigation of the mechanism of
controlling association and dissociation between components in aromatic ring dioxygenase (RO) (3)
Development of a signal acquisition method for in-cell NMR spectroscopy, (4) Heme-binding
mechanism of structurally similar Isd NEAT domains of Staphylococcus aureus exhibiting different
affinities for heme, (5) Analysis of the hierarchical structure of a 4-MDa giant protein, hemocyanin,
(6) Molecular dynamics analysis of B-arabino-oligosaccharides transporter of Bifidobacterium, (7)
Identification of the residues involved in substrate recognition of cytochrome P450ALK of an alkane-
assimilating yeast and modification of the substrate specificity, (8) Elucidation of heterodimer
formation mechanism of bacterial histone-like nucleoid (H-NS) family proteins, (9) Analysis of the
interactions between trisaccharide containing a2,3-linked sialic acid and the attachment protein of
mumps virus, (10) Development of an efficient production method for gallic acid by enzyme

modification, (11) Prediction and analysis of interactions between a protein related to lifestyle
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diseases and its novel inhibitors (details are omitted), (12) Elucidation of the multidrug recognition
and transport mechanisms of a multidrug transporter using X-ray crystallography and MD
simulation. We also provided support for five other research themes. In addition to the above supports,
we have given advices to more than 25 researchers.

As for researches aimed at improving the methodologies, we have developed a method to analyze
protein—ligand binding processes using coarse-grained MD simulations. It was shown that the ligand
can bind to the sites other than the original ligand-binding sites and that the binding structures and
the ligand-binding/unbinding rate constants agreed well with the experimental results. It was also
suggested that the ligands bind to the ligand-binding site through a specific pathway. Furthermore,
our method was applied to the systems of ligands and ligand-binding sites with different
physicochemical properties. In many of them, the calculated values of the dissociation constant agreed
well with the experimental results. We also developed the libraries for developing multi-copy and
multi-scale MD simulation programs, by which we refined the ligand-binding pathway from the
results of the coarse-grained MD with the all-atom model. In addition, we developed a method to
calculate the free energy profile along the refined pathway.

With respect to bioinformatics technologies, we developed methods to predict a protein’s ability to
bind the other protein, DNA, sugar, lipid, or metal from its amino acid sequence, together with the
interacting residues. For all of these methods we achieved prediction accuracy higher than that of the
conventional methods. In addition, we developed a method to predict the spatial site where ligand
binds to a protein, for which we also achieved higher prediction accuracy. Furthermore, we developed
a system that automatically generates binding-site prediction tools for any kind of ligand. The
performances of the tools were comparable to those of the dedicated prediction systems targeting
specific ligands such as metal ion, lipid, etc.

We carried out support in collaboration with the other four groups in this project. In addition to the

research presentations, we introduced the activities of this project at 12 academic meetings.
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