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The final goal of this project is the development of design software and PC systems for protein-—
protein interactions (PPI) inhibitors that enable membrane transmission, which can be easily used
by experimenters. The purpose of this project is to develop a highly effective method for rational
design of middle molecules based on accumulated evidence of both molecular simulation and
experimental verification, and to create novel middle molecules (libraries) as concrete
deliverables. Middle molecules are attracting attention as the third drug discovery modality
following small molecule drugs and biologics. They are also expected to be used for pharmaceutical
applications targeting PPI, as well as for elucidating biologically relevant events as probes
However, there was little technology to predict membrane permeability and binding activity to
target proteins of middle molecules. Moreover, little techniques for membrane transmission and
pharmacokinetic ADME evaluation method are applicable for middle molecules. In addition, there
were few compound libraries developed for middle molecules. Therefore, our group has formed a new
middle-molecule drug discovery network and combined cutting—edge technologies such as cryo-—
electron microscopy studies to evaluate and feedback experiments and simulations based on
facilities of structural studies. In particular, we aimed to develop rational design methods for
middle molecules to develope therapeutic agents against cancer, rare refractory diseases, and
emerging and/or re—emerging infectious diseases.

Next, the middle-molecule simulation technology has been developed based on the Parallel Cascade
Selection molecular dynamics (PaCS MD) method, which enables efficient structural sampling. We
also developed a method for LogPo/w calculation by combining quantum chemical calculation using
semi—experience method for screening and solvation free energy calculation based on dielectric
model. This method enables us to perform middle molecule simulation, which was difficult with the
conventional method.

In addition, the Hokudai-Kitasato—Todai Middle Molecule Library developed in this project
systematically contains about 2,000 middle molecule compounds of various chemotypes such as
natural products, cyclic peptides, nucleic acid derivatives, and is linked with data such as
membrane permeability and solubility. Therefore, this library is unique and useful for drug
discovery studies

Solubility and membrane permeability using the parallel artificial membrane permeability assay
(PAMPA) and Caco-2 cells were evaluated for 900 of newly synthesized compounds and derivatives.
Based on the results, we propose a method to predict the membrane permeability characteristics
of middle molecules from their three—dimensional structural features

Finally, we have developed customized PC system comprising of simulation methods and the data

base linked with molecular structure, experimental and simulation databases



