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Abstract

In this project, we conducted research to support and advance in silico drug discovery with high
practicality by integrating molecular modeling and simulation based on key technologies such as homology
modeling, docking calculations (protein-protein, protein-small molecule, protein-nucleic acid, nucleic acid-
small molecule), and MD simulation, focusing on drug target proteins. ~We have addressed the typical drug
target proteins such as GPCRs, ion channels, nuclear receptors, and proteases, as well as more challenging
protein-protein interactions and nucleic acid targets, using various methods from homology modeling to
binding pathway simulation. As a result of this project, more than 23 research papers were published. As
a remarkable achievement of the supported research by this project is a study titled “Development of a
Therapeutic Drug for Early Stage Lung Adenocarcinoma Targeting Stratifin (SFN)”.  Our results indicated
that inhibitors of SFN-SKP1 binding could be potential targeted drugs for treatment of lung
adenocarcinoma?. In order to screen potent inhibitors, we based on key technologies adopted an in silico
approach utilizing structural data for protein—protein interaction (PPI) targets and a database of known
bioactive compounds, a strategy known as “in silico drug repositioning.” This drug-repositioning strategy
makes it possible to rationalize experimental protocols, prioritize the design of therapeutic compounds for
PPIs, and speed up the development of promising drugs, while reducing the risk of failure in clinical trials.
Although the structure of the SFN-SKP1 complex has not been clarified experimentally, a reliable
computational model of the complex, which was consistent with the results of in vitro mutational experiments,
and in silico detection of the druggable pockets overlapping at the SFN-SKP1 interaction interface led to the
successful identification of 2 independent drugs for this particular PPI: aprepitant and ticagrelor.

We also enhanced high precision of modelling structure using MD simulation. Example, the rational
design of antagonists for prostaglandin E receptor (EP4) is one of outcome of supporting drug discovery in
collaboration with research groups in the field of X-ray crystallography of GPCRs. To analyze ligand access
to EP4 from the solvent environment, we performed a 100-ns metadynamics simulation of the EP4 structure
embedded in an explicit POPC bilayer?. In the simulation, the extracellular surface remained occluded by
2nd extra cellar loop. The antagonist first inserted itself into the membrane bilayer and then laterally
accessed the ligand-binding pocket between TM1 and TM7. Throughout this process, the carboxyl group of
antagonist was oriented toward the aqueous phase, and its hydrophobic domain was adjacent to the fatty
acid tails of the membrane phospholipids. All prostanoids contain a carboxyl group in their chemical
structures, and most EP4 antagonists shared this feature. Demonstration of this ligand binding simulation
at the atomic level will be a new strategy for more sophisticated in silico drug discovery and design. The
availability/possibility of in silico drug discovery and design for target protein with structural changes and
flexibility gives us the chance of the expansion in the selection of target disease, and ripple effects are

expected in pharmaceutical industry.
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