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

1. Projecttitle : 'Development of Collaborative Networks for Complementary Data Analysis
between Molecular Simulations and Experiments on Biomolecular Systems |

2. Research period : February 2023 - March 2024

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Ayori Mitsutake Associate | Meiji University Supervisor for
Professor computation
Co-PI Shun Yokoi Ph.D. Meiji University Molecular
Candidate simulation
Total number of participants throughout the research period: 2
Partner-side
Name Title Affiliation Role in the
research
project
Pl Soichi Wakatsuki | Professor | Stanford University | Supervisor for
& SLAC National experiments
Accelerator
Laboratory
Co-PI Daria Professor | Stanford University | Supervisor for
Mochly-Rosen experiments
Co-PI Hasan DeMirci Assistant | Koc University & Supervisor for
Professor | SLAC National experiments
Accelerator
Laboratory
Collaborator Irimpan Mathews | Lead SLAC National experiments
Scientist | Accelerator
Laboratory
Collaborator Suman Pokhrel Postdocs | Stanford University | experiments
Collaborator ilkin Yapici Ph.D. Koc University experiments
Candidate
Total number of participants throughout the research period: 33

4. Summary of the international joint research

A computational group at Meiji University (Mitsutake lab) has developed computational
methods based on physics for molecular dynamics simulations. In recent years, the group
has also elucidated the functional mechanisms of proteins using these methods. An
experimental laboratory at Stanford University (Wakatsuki lab) has conducted research in
structural biology, primarily focusing on X-ray crystallography.

In this international joint research, computational and experimental researchers will work
together to elucidate the functional mechanism of Fisl, which is involved in regulating
mitochondrial fission. Mr. Shun Yokoi, who is a Ph.D. student from Meiji University and has
collaborated with the Wakatsuki lab in the past, conducted large-scale molecular simulations
of Fisl and collaborated closely with researchers conducting in vivo and in vitro studies to
advance research and understanding of the mechanism of fission mediated by Fisl. The
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host laboratory is providing feedback to experimental research and advancing research on
these candidate compounds.

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

Through the international joint research, we extensively analyzed the structural changes
induced by phosphorylation of Fis1, which are related to mitochondrial fission control, using
molecular dynamics simulations. These studies provided insights into the functional
mechanism of Fisl. Moreover, we propose a candidate inhibitor compound by closely
collaborating not only with in silico researchers but also with in vivo and in vitro researchers.

Additionally, we have conducted research on ribosomes through an international joint
research collaboration. After visiting Wakatsuki lab, we are continuing the collaborative
research through regular online meetings.

5-2 Synergistic effects of the joint research

During the research project, we facilitated the travel of Mr. Shun Yokoi for a longer
duration than originally planned. To ensure intensive research discussions, we scheduled
the student's travel just after starting the project. Additionally, we planned another trip for the
latter part of the project period, encouraging visits to other research laboratory in the U.S,
such as Boston University. Professor Ayori Mitsutake also visited to the Wakatsuki lab
shortly after the project's start in March 2023. During this visit, a lecture on research utilizing
molecular dynamics simulations was given by Professor Ayori Mitsutake at the host group
seminar.

Furthermore, we actively participated in weekly meeting of each laboratory, striving to
maximize opportunities for exchange and discussion.

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

The completion of this research is anticipated to have a significant impact on drug
development, particularly in the field of pharmacology. For instance, it could lead to the
development of antibiotics that inhibit bacterial growth by targeting the function of ribosomes.
Furthermore, elucidating the mechanism of action of novel therapeutic agents for diseases
lacking established treatments could also lead to impactful developments.

With the conclusion of this research project, we expect to contribute novel insights into
the dynamics and functional mechanisms of ribosomes using complementary data analysis
methods combined with molecular dynamics simulations and experiments. The fusion of
computational science and experimental approaches, along with international collaboration,
paves the way for new joint research initiatives. Through the advancement of research in
interdisciplinary areas, fostering the development of young researchers, we aim to
contribute to the advancement of science and technology in Japan.
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1. 1lkin Yapici, E. Han Dao, Shun Yokoi, Ebru Destan, Esra Ayan, Alaleh Shafei, Fatma
Betul Ertem, Cahine Kulakman, Merve Yilmaz, Bilge Tosun, Halilibrahim Ciftci, Abdullah
Kepceoglu, Jerome Johnson, Omur Guven, Ali Ergul, Brandon Hayes, Yashas Rao,
Christopher Kupitz, Frederic P. Poitevin, Mengling Liang, Mark S. Hunter, Pohl Milon,
Ayori Mitsutake, Raymond G. Sierra, Soichi Wakatsuki, Hasan DeMirci, 4D
Crystallography Captures Transient IF1-Ribosome Dynamics in Translation Initiation,
bioRxiv, doi: 10.1101/2023.10.27.564398, 2023.
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1. Yutaka Maruyama, Ryo Igarashi, Yoshitaka Ushiku, Ayori Mitsutake, Analysis of
Protein Folding Simulation with Moving Root Mean Square Deviation, J Chem Inf
Comput, 8, 1529-1541, 2023.

2. Yutaka Maruyama, Ayori Mitsutake, Effect of Main and Side Chains on the Folding
Mechanism of the Trp-Cage Miniprotein, ACS omega, 43827-43835, 2023.

3. Shun Yokoi, Ryoji Suno, Ayori Mitsutake, Structural and Computational Insights into
Dynamics and Intermediate States of Orexin 2 Receptor Signaling, J Phys Chem B,
doi: 10.1021/acs.jpcb.4c00730, 2024.
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2. (#FFs%H) Shun Yokoi, “The Value of Studying Abroad for Undergraduate and
Graduate Students”, Building networks of diverse and highly talented researchers,
Japan-U.S. Research Collaboration Week, Stanford University, 2023/7/22

3. (RFFEEE) Ayori Mitsutake, “Investigating Protein Dynamics Using Relaxation Mode
Analysis”, The 5th conference of Theory and Applications of Computational
Chemistry (TACC 2023), 2023/9/6

4. Shun Yokoi, Ayori Mitsutake, “Structural and Computational Insight into Dynamics and
Intermediate State in Activation of Orexin 2 Receptor”, The 5th conference of Theory
and Applications of Computational Chemistry (TACC2023), 2023/9/8

5. (#HFFiEB) Ayori Mitsutake, "Investigating Stability and Dynamics of Orexin 2
Receptor using Relaxation Mode Analysis and 3D-RISM Theory", The 6th
international Conference on Molecular Simulation (ICMS2023), National Taiwan
University, 2023/10/8

6. Shun Yokoi, Ayori Mitsutake, “Structural and Computational Insight into Dynamics and
Intermediate State in Activation of Orexin 2 Receptor”’, Chem-Bio Informatics Society
Annual Meeting 2023, 2023/10/25
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8. Shun Yokoi, Ayori Mitsutake, "Structural and Computational Insight into Dynamics and
Intermediate State in OX2R Activation”, &5 61 [f] A ARAMMHEFLES . 4l BERE
Ry, 2023/11/14

9. (fAfF#E) Ayori Mitsutake, "Investigating Stability and Dynamics of Class A GPCRs
using Molecular Dynamics Simulations”, &5 61 [A] H AAMWElrEF s, 4 HZEE
BRxids. 2023/11/15

10. (¥fF#H) R BE. “Structural and Computational Insight into Dynamics and
Intermediate State in Activation of Orexin 2 Receptor”, & 11 [A] CBI #5 O GHH S
T T4, 2024/3/17
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1. Shun Yokoi, Ayori Mitsutake, “Computational Insight into Dynamics and Intermediate

State in OX2R Activation”, 34th IUPAP Conference on Computational Physics
(CCP2023), Kobe International Conference Center, 2023/8/7

2. Ayori Mitsutake, "Analysis of protein simulations using relaxation mode analysis and

3D- RISM theory", “Molecular Movies” International Symposium 2023, i %4 [F
B4ikdy, 2023/11/30
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3. Shun Yokoi, Ayori Mitsutake, "Structural and Computational Insight into Dynamics and
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Intermediate State in Activation of Orexin 2 Receptor", “Molecular Movies”
International Symposium 2023, £ % & [EFRa#Ys, 2023/11/30
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1. Taylor & Francis Molecular Simulation Prize, International Union of Pure and Applied
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2. Excellent Presentation Award, The Chem-Bio Informatics Society. f# -2, 2023/10/26
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