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

1. Project title : [New optical platform to visualize mechanics of cellular self-
organization |

2. Research period : January 2016 ~ March 2019

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Shuichi Onami Team RIKEN Center for WP2, WP4
Leader Biosystems
Dynamics Research
(BDR)
Co-PI Yasushi Okada Team RIKEN BDR WP1, WP5
Leader
Co-PI Tatsuo Shibata Team RIKEN BDR WP3, WP4
Leader
Collaborator | Taketoshi Senior RIKEN BDR WP4, WP5
Kambara Scientist
Collaborator Fu-Lai Wen Research | RIKEN BDR WP4
Scientist
Collaborator | Jun Takayama Research | RIKEN Quantitative | WP2, WP4
Scientist | Biology Center
(When affilated)

Total number of participants throughout the research period: 10

Singapore-side

Name Title Affiliation Role in the
research
project
Pl Fumio Motegi Principal Mechanobiology WP2, WP4

Investigator | |nstitute (MBI).
Temasek Life
Sciences
Laboratory (TLL).

National University
of Singapore (NUS )

Co-PI Alexander Principal MBI WP1, WP3,
Bershadsky Investigator | NUS WP5

Co-PI Samuel Wang Researcher | TLL WP4

Collaborator | Ravikrishna Researcher | TLL WP4
Ramanujam

Collaborator | Shigiong Hu Researcher | MBI WP5

NUS

Collaborator | Yukako Researcher | MBI WP5

Nishimura NUS

Total number of participants throughout the research period: 24




SICORP # T#s53E (KR - Motegi i)

4. Summary of the international joint research

This project aims to develop a new optical system that allows us to visualize nanometer-
scale molecular dynamics and mechanical forces simultaneously within living cells. We will
combine “world’s fastest” super resolution microscopy (SDSRM) developed in Japan with
traction-force microscopy and laser beam-based microsurgery; for traction-force microscopy,
Singapore has world-leading technology, and laser beam-based microsurgery is well
established in both countries. We will then develop a computational platform for quantitative
analysis of image data taken by this combined microscopy system. We will apply these
systems to two cellular self-organizing systems, namely 1) anteroposterior axis specification
in developing embryo and 2) establishment of cellular chirality in fibroblasts, to validate the
performance of these systems. The new optical system will allow us to analyze the
relationship between molecular dynamics and mechanical force distribution within a cell, and
the effect of specific ablation of submicron-scale target on cellular molecules with 2x higher
spatial resolution than conventional light microscopy (~100 nm) and fast temporal resolution
(10 ms/time frame). Through analyzing relationships between cellular self-organization and
mechanical force within cells by using this system, we would like to elucidate the basic
principles in cellular self-organization, which are expected to be conserved in various
phenomena including organogenesis.

5. Outcomes of the international joint research

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

We successfully developed the second-generation SDSRM system by integrating traction-
force microscopy and laser beam-based microsurgery systems into SDSRM. We then
improved its sensitivity by more than five times by integrating microlens arrays into the
system. We developed a systematic experimental system for genome editing and established
91 C. elegans strains each of which expresses fluorescently-labelled protein of different
essential embryonic genes. By using the developed microscopy systems and strains, we
successfully elucidated the mechanism of anteroposterior axis specification in C. elegans
early embryos and the intracellular mechanics for controlling tissue-specific chirality
establishment.

5-2 Synergistic effects of the joint research

To facilitate this joint research, we organized whole group meetings and seminars by Pls and
Co-Pls at the beginning of the project. We hosted short-term visiting researchers from
Singapore to do experiments in Japan. We frequently had video conference between Pls.
We organized a symposium in the last fiscal year. All these activities quite effectively
facilitated the project. Furthermore, we can point out the following as synergistic effects of
the joint research; exchanges between young researchers across countries positively
changed young researcher’s attitude toward research. The joint research established
foundations of international collaboration in our laboratory, so that the number of international
collaborations is increasing.

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

The improved SDSRM developed in this project has been commercialized. The method of
force measurement by fluctuation theorem has been submitted for patent application. Driven
by this project, one young researcher has become a group leader in Singapore. We are
planning to apply microdevice system developed in this project to high-throughput drug
screen in the future. By doing so, we would like to contribute to the Goal 3 of Sustainable
Development Goals (SDGs): “Ensure healthy lives and promote well-being for all at all ages”.
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