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In this project, we proposed the supporting and developing of in silico drug discovery using
molecular modeling and simulation based on fundamental technologies such as homology modeling,
docking simulation and molecular dynamics (MD) simulation. Our goal is to achieve in silico drug
discovery technology having high practicability for translational research in relationships between
pharmaceutical industry and academia. The followings are some of the typical results.

Characterization of natural products as a protein—protein interaction inhibitor collaboration with
Tohoku University: We have characterized the inhibition of the protein—protein interaction of the
homodimer of proteasome assembling chaperone (PAC) 3 with thielocin B1 (TB1), discovered from
natural product sources. Integration technology of molecular modeling using protein-protein
interaction analysis, docking of natural products, MD simulation, interaction fingerprint analysis
suggested that TB1 exhibits distinct binding positions on the interface of the homodimer and the
complex can be stabilized by five interactive residues on PAC3. Both the NMR experiments and
further in silico docking studies have suggested that TB1 approaches one face of the PAC3 homodimer,
not the monomer, releasing the subunit of the interface of the PAC3 homodimer by a rare pre-
dissociation-independent mechanism (Doi T et al., Chemical Science, 2014).

Prediction of protein-protein complex structure collaboration with Tokyo Metropolitan Institute of
Medical Science: Matsuda’s group analyzed interactions between phosphorylated forms of both Parkin
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and ubiquitin at a spatial resolution of the amino acid residue by site-specific photo-crosslinking.
Molecular modeling based on the site-specific photo-crosslinking interaction map combined with mass
spectrometry and MD simulation strongly suggests that a novel binding mechanism between Parkin
and ubiquitin leads to a Parkin conformational change with subsequent activation of Parkin E3 ligase
activity (Yamano K, J. Biol. Chem., 2015, JBC Best paper of the week).

Characterization of natural products interacting with receptors collaboration with Tsumura & Co:
Research group of Tsumura identified the ignavine molecule that augmented the responses produced
by DAMGO, a representative MOR agonist, at a low concentration and inhibited it at a higher
concentration. In silico simulation analysis using docking and MD simulation with principle
component analysis suggested that ignavine would induce a unique structural change distinguished
from those induced by a representative MOR agonist and antagonist. These data collectively suggest
the possibility that ignavine could be a novel allosteric modulator of the MOR. The present results
may open the way for the development of a novel pain management strategy (Obuchi K. et al., Sci.
Rep. 2017).

As the results of developing the method of advanced in silico modeling, we have developed an
extended template-based modeling with the fragmental template procedure in addition to typical
template-based modeling methods and evaluation method for GPCR virtual screening (Sato M. and
Hirokawa T., J. Chem. Inf. Model., 2014) and tertiary structure prediction of RNA-RNA complexes
using a secondary structure and fragment-based method (Yamazaki S., J. Chem. Inf. Model., 2014).
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