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Strategic International Collaborative Research Program (SICORP)
Japan—Canada Joint Research Program
Executive Summary of Final Report

1. Projecttitle : [ MD and 3D-RISM study of the allosteric effects on the interaction between
COVID-19 spike and ACE2 protein |

2. Research period : May 2021 ~ February 2022

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Norio Yoshida Associate Kyusyu University Management
Professor
Co-PI Ayori Mitsutake | Associate Meiji University MD simulation
Professor
Co-PI Yutaka Adjunct Meiji University 3D-RISM
Maruyama Researcher calculation and
program
development
Co-PI Akiyoshi Kuroda | Technical RIKEN Supercomputer
Staff implementation
Collaborator | Kodai Kanemaru | Student Kyushu University Research
Assistant
Collaborator | Ryo Fuijiki Student Kyushu University Research
Assistant
Collaborator | Shunpei Koroku | Student Meiji University Research
Assistant
Collaborator | Daiki Noguchi Student Meiji University Research
Assistant
Collaborator | Shun Yokoi Student Meiji University Research
Assistant
Total number of participants throughout the research period: 10
Partner-side
Name Title Affiliation Role in the
research
project
Pl Sergey Gusarov | Senior National Institute for | Development
Research | Nanotechnology, of screening
Officer National Research methods
Council Canada
Co-PI Alexander Senior National Institute for | Development
Kobryn Research | Nanotechnology, of screening
Officer National Research methods
Council Canada

Total number of participants throughout the research period: 2

4. Summary of the international joint research

This research employs molecular dynamics (MD) simulation and three-dimensional
reference interaction site model (3D-RISM) method to investigate the allosteric effect of
ligand binding on the interaction between receptor-binding domain (RBD) and
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angiotensin-converting enzyme 2 (ACEZ2) in the virus-cell fusion process of SARS-CoV-2.
The research will contribute to efficient screening for drugs which work to inhibit RBD-ACE2
binding in the virus-cell fusion process of SARS-CoV-2.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

The binding process of angiotensin converting enzyme 2 (ACE2) to the SARS-CoV-2
spike protein receptor binding domain (RBD) was investigated using MD simulation and
3D-RISM methods.

The protein-binding process is divided into two steps: an approach step, in which the
protein-protein distance approaches, and a binding step, in which a local conformational
change in the protein-binding site occurs after sufficient approach. In the approaching step,
direct protein-protein interactions stabilize as the proteins approach each other, while
interactions with surrounding water and ions (solvation free energy) become destabilized.
As a structural feature, it was shown that the sugar chain of ACE2 first forms a hydrogen
bond with the RBD when the proteins approach. Then, in the binding step, the number of
hydrogen bonds between proteins increased rapidly due to conformational changes in the
amino acid side chains of the binding site. The spatial distribution function of the solvent
revealed the presence of hydrogen bonds bridged by water molecules at the RBD-ACE2
interface. Principal component analysis revealed that ACE2 exhibits significant structural
changes during the bonding process, while RBD shows no such changes. The results of this
research have been accepted for publication in the Journal of Chemical Information and
Modeling.

In parallel, the screening of drug candidate molecules was also conducted. Docking
analysis was performed on the candidate molecules proposed in previous studies to further
qualify the most promising candidates. MD simulations and binding free energy analysis
using the 3D-RISM method were performed on these promising candidates. We also
analyzed the protein conformational changes caused by the binding of the drug candidates
by principal component analysis. The results of this research are currently being reviewed
and will be submitted as a research paper.

5-2 Synergistic effects of the joint research

Both the Japanese and Canadian groups participating in this study are specialized in
3D-RISM theory and have been actively developing methodologies and their applications. In
this context, this international joint research has enabled efficient analysis by using each
other's methodologies and software in cooperation.

In addition, we hope that this study has inspired a new methodology, which we expect to
be further developed in the future.

5-3 Scientific, industrial or societal impacts/effects of the outputs

The 3D-RISM program code used and the obtained trajectory data and 3D-RISM data
are available on the web, which is expected to have a ripple effect on research using them.
This research has also inspired a new methodology, which is expected to lead to further
collaborative research in the future.
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"Computational Analysis of the SARS-CoV-2 RBD-ACE2-Binding Process Based on MD
and the 3D-RISM Theory", Norio Yoshida, Yutaka Maruyama, Ayori Mitsutake, Akiyoshi
Kuroda, Ryo Fujiki, Kodai Kanemaru, Daisuke Okamoto, Alexander E. Kobryn, Sergey
Gusarov, Haruyuki Nakano, J. Chem. Info. Model. (2022) In press (DOI:
doi.org/10.1021/acs.jcim.2c00192 )
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