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Supportive researches

A total of six supportive researches have been done in this subject, by mainly focusing on the supra molecular
structure modeling. In #0673 “Structure modeling of DNA polymerase D”, the complex models of PolD-
PCNA-DNA and PolD-PCNA -primase(PriL-PriS)-DNA were constructed, and the mechanisms for switching
from priming and progressive DNA synthesis were elucidated (BMC Biol. 2020, NAR 2021). The
comprehensive network of proteins/genes relevant to the mitochondrial diseases was studied in #0672 “PPI
prediction for mitochondrial diseases” (Mol. Biol. Evol. 2019). The specificity-modifying mutants of
EndoMS were predicted by combining molecular modeling and MD simulations in #0669 “Rational design
of EndoMS mutants” to develop a PCR-based genetic diagnosis system. Several practically applicable mutants
were obtained, and specific amplifications of SNP genes were confirmed. The results were patented as JP
2020-048795, 2020.3.19, and US 10975415B2, Apr. 13, 2021). In #2507 “Structural modeling for COVID-
19 vaccines”, constructed genes were analyzed with decision tree, and an effective construct scheme was
proposed. The patenting of the results is currently under process. Thus, the supportive researches were

successfully executed, and several applicable results have been produced.

Advanced researches

The databases for protein structure studies, namely, SOSUI(membrane protein prediction server), Het-PDB
Navi. (PDB small molecule ligand database), Mutation@A Glance(mapping database of disease-related
protein mutants), PreDom(protein domain docking server), and SIRD(protein structure-interaction relational
database) were maintained, reinforced, and released online.

By using these data resources, Drug Target Excavator (DTX) has been developed, in which the human-
diseases, human and pathogen proteins, metabolites, drug targets, and drugs are connected via disease-
relationship, protein-protein interactions, transcription regulations, metabolic pathways, and protein-
drug/metabolite interactions. The DTX was used to classify the molecular path from disease to drug, and it

was demonstrated that more than 90% of the paths were classified into 13 patterns (https://harrier.nagahama-

i-bio.ac.jp/dtx/path_explorer/). This database was also used to predict drug efficacies by applying the

disease-drug paths to GBDT machine learning. The trained GBDT could discriminate effective (therapeutic
true) paths from non-effective (therapeutic false) ones with 0.88 accuracy. Also, the cases of successful and
unsuccessful drug-reposition cases, and drugs of high-adverse and low-adverse reported were discriminated
with 0.88 and 0.79 accuracies, respectively. Thus, the useful data frame for predicting and evaluating drug

targets has been generated in this study.

Inter-subject cooperation

Three training courses and seven lectures for computer methods in structure modeling were planned and
implemented (e.g., a total of 463 trainees have applied to “Unit-joint course: the protein structural informatics
for drug discovery 2” Sep 17, 2021 online). The molecular models of SARS-CoV-2 proteins were constructed
and published online (https://harrier.nagahama-i-bio.ac.jp/dtx/SARS-CoV-2/), and drug screenings for

COVID-19 were executed under inter-subject cooperation, and the efficacies of Cepharanthine and
Tetrandrine were demonstrated (FEBS Lett. 2020, iScience 2021, FEBS OpenBio 2021). Thus, significant

achievements were produced in human resource training and social contribution under cooperation.



