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(1) Support

To discover promising tool compounds or drug discovery seeds, in silico screening campaigns performed on more
than 25 targets for support requests using PALLAS, MUSES, LAILAPS, accompanying FMO and MD calculations.
The in silico approaches have contributed to the discovery of promising inhibitors in many targets, six of which have
reached the drug discovery stage. Regarding the target for the treatment of acute myeloid leukemia, we have reached
the PCT application stage and published papers. For the anticancer drug target, the PCT application was also filed.
For the immune system disease target, we have applied for patents and licensed it out to a pharmaceutical company.
For the COVID-19 therapeutic drug target, we applied for a patent for the use of a marketed drug. In addition,
technical transfers were given to six pharmaceutical companies.

We conducted 17 quantitative molecular interaction analyses using FMO method based on ab initio quantum
mechanics. Of these, 5 were supported for the purpose of activity prediction, and 12 were supported for structural

biology research by X-ray crystal structure analysis.

(2) Technology enhancement

The FMO database, which is the world's first database for storing interaction energy values based on quantum
mechanics calculations of proteins-ligand complexes. The FMODB includes information derived from FMO
calculation results such as interaction energy (IFIE, PIEDA), total electron energy, and atomic charge, as well as
calculation conditions were stored as basic data. The FMODB was released to the public from February 20th, 2019.
As of May 2022, 14,924 FMO calculation data have been registered. All of these data can be referenced from the Web
interface. From March 2020, as contributions to COVID-19 drug discovery research, comprehensive FMO
calculations for COVID-19-related proteins have been started. As of May 2022, 830 COVID-19-related FMO
calculation data have been published.

We developed an activity prediction method by the FMO+MM/PBSA and confirmed that it shows high prediction
performance in the kinase and nuclear receptor datasets. After the interim evaluation, the prediction method (FMO-
Al) by machine learning using the IFIE/PIEDA values also showed good prediction performance with the Aurola
kinase, SARS - CoV Main protease datasets, etc.

We have developed an FMO high-speed structure optimization program and implemented it in ABNIT-MP. We
verified the calculation speed and calculation accuracy of the FMO high-speed structure optimization program. We
developed the high-speed program using the FMO/Frozen Domain method. As a result of the verification, the
structural optimization of GPCR was 4.2 times faster, and the FMO-GRID calculation of CDK2 was 8 times faster.
In addition, the calculation error of ER « is limited to a small error range of 10 (hartree). The FMO-GRID was

being applied to binding affinity prediction using Al

(2) Research alliance
On the course of the supports for eight targets, we have collaborated with the Structural Analysis Unit, Protein
Production Unit, and Structure Derivatization Unit in AMED BINDS, especially for the circadian rhythm regulator
target and the insect differentiation control drug target. These close collaborations led to the discovery of new
designed compounds that showed more than 100 times more potent compared with the conventional compounds. In
addition, with the support of the Tokyo Institute of Technology, TSUBAME was used for support and technology

enhancement.



