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In recent years, analysis of individual genomes has been carried out on a scale of several thousand to several tens of thousands
of individuals, and many single nucleotide mutations, insertions, and deletions in the genome that can affect the sequence,
structure, and function of proteins have been reported. In the clinical field, the whole genome exome sequence of the
individual patient is spread for diagnosis and treatment of neuropsychiatric diseases and autoimmune diseases, and the cancer
genome medical treatment is registered in the insurance, and it is expected to contribute to the selection of the therapy based
on the genome information. In this project, genome information, expression level information, and protein information were

connected, and supports and developments were carried out with the aim of promoting personalized drug discovery in Japan.



As a support, the natural ligand database (NLDB) developed by this institute and VaProS developed in cooperation with
Waseda University were used as a core to operate the database. Relevant databases were also investigated, and if there are
any useful databases, links were created to identify their relevance. At the same time, support for the use and operation of
databases was provided through seminars, etc. Furthermore, to visualize the areas not covered by the database using the
database developed so far and present it to researchers in the experimental system, we newly calculated the "protein-natural
ligand structure coverage in NLDB for the KEGG metabolic pathway" in the NLDB constructed based on the KEGG Reaction.
In the future, by observing changes in the coverage ratio as new structures increase, we were able to provide new implications
for structural biology and contribute to the selection of drug discovery targets.

In addition, we supported 8 research activities, some of which are described below.

To elucidate the molecular mechanism of toxicity of carbon nanotube (CNT), the binding mode of CNT and its receptor,
macrophage receptor Tim4, was predicted by docking simulation using molecular dynamics (MD) simulation. Biochemical
experiments with Tim4, in which a mutation was introduced at the predicted position, confirmed that the binding activity
significantly decreased. When cultured mouse cells transfected with this mutant form of Tim4 were produced, the binding
activity to CNT was also observed to be lower than that in cells transfected with wild-type Tim4. Through this support project,
it is expected that the molecular mechanism of toxicity of CNT will be clarified from the reliable complex prediction structure,
which will lead to the prevention of pollution by CNT and the development of the therapy of inflammation in the future.
(Omori et al., Cell Rep. 2021). The subject "Prediction of the effect of SNP newly discovered by GWAS on serum total IgE
levels" was interpreted using protein conformation for amino acid mutations associated with serum total IgE levels as a result
of genome-wide association analysis (GWAS). In the present analysis, it was shown that Ala 82 Thr mutation with
comparatively high frequency in Japanese of IL -4 Ra lowered the IL 4 concentration. In this GWAS, the significance of the
mutation found in the analysis of the genome data of about 10,000 people barely reached the level of genome-wide
significance, but the contribution of the support was significant in that it was able to exclude the possibility of false-positive
by the interpretation based on the structure and conclude that it was related mutation (Shido et al., J. Invest Derm. 2021).

As a development, we have constructed an environment that enables genome analysis researchers to use information that has
not been widely used in the field of protein science, although it is important in the field of protein science, such as the presence
or absence of structural information, information from experiments and predictions of natural denatured regions, secondary
structure, degree of burial, interaction with proteins and ligands, and modification information such as phosphorylation, based
on the latest PDB information. This is expected to allow the discovery of new structurally important mutations in existing
mutation data. As an application of this method, structural annotation was performed on the results of whole genome analysis
of about 14000 Japanese conducted by Tohoku Medical Megabank Organization, and this information is now available at
jMorp (https://jmorp.megabank.tohoku.ac.jp/). He also created and published a web tool to perform these variant analyses
(https://wupsivs.sb.ecei.tohoku.ac.jp/). This allows users to get protein structure-based annotations by typing a list of genome
variants into a text box or by uploading the list as a file. For each variant, the results page provides a summary of the structural
features of the corresponding PDB amino acids and provides links to each variant page. The page for each variant displays
information on the amino acid residues of all corresponding PDBs, and the MolMil Structure Viewer allows you to view the
positions and structures of the residues. These tools are being applied to rapidly update information on variants in disease-
related databases, such as ClinVar and COSMIC, as well as variants in patients identified by genomic exome analysis, in order

to streamline functional assessment of disease-related variants.



