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In collaboration with JASRI and Kyoto University, RIKEN has supported structural biologists or researchers who

need structural information using synchrotron radiation beamlines as the main axis and promoted their upgrading.
In addition, training sessions and seminars were held regularly for beginners and intermediate level users of protein
crystallography for the purpose of providing more advanced technical education. Through these workshops, we
promoted the improvement of users' measurement techniques and shared measurement issues to expand support and
consolidate support and advancement needs in this project.
One of the most notable results of the support for high-resolution, high-throughput, and high-difficulty structural
analysis using the high-flux microbeams of SPring-8 is "High-resolution structural analysis of a macrocyclic peptide
complex containing human factor XlIla and cyclic B-amino acids)" (DOI: 10.1038/s 41557-020-0525-1), "High-
resolution structural analysis of archaeal heliorhodopsin" (DOI: 10.1038/s41586-019-1604-6), "Antagonist-bound
high-resolution structure of the M2 muscarinic receptor” (DOI: 10.1038/s41589- 018-0152-y), and "High-resolution
structural analysis of the prostaglandin receptor” (DOI: 10.1038/s41589-018-0171-8). Our support and
advancement have promoted the use of sophisticated structural information in the life sciences and greatly
accelerated drug discovery and life science research.

As an example of the remarkable research results for the development of science that have been produced through
the support of correlation structure analysis, the results of the support using both SPring-8 and SACLA, which are
also listed in the title of this grant project, were published in Science (DOI: 10.1126/science.aax6998). Combining
synchrotron and XFEL measurements, details of the charge separation mechanism by photosystem 11 were clarified.

Wet support before and after beamtime for the support issues at the beamline, when the diffraction resolution is
not as good as expected after data acquisition and structure determination is difficult. We had many opportunities
to reevaluate the importance of feedback to experiments before and after the use of synchrotron radiation facilities.

The following improvements were made for high-throughput and automation: the automatic data acquisition
system ZOO, scanning of crystallization plates, ligand solution soaking using microfluidic channels, enhancement
of the brightness of the bending magnet beamline, introduction of a pixel array detector and construction of a
utilization system, introduction of a high-performance computer, and acceleration of sample exchange robot
operation.

Through the support tasks that require difficult structural analysis, research and development of analytical
techniques for highly difficult structural analysis were realized, such as upgrading the in situ cryo measurement tool
for membrane protein LCP crystals and upgrading the HAG method that enables anaerobic-temperature control.
Relatedly, SSROX technology was established at SPring-8 at room and cryogenic temperatures to track structural
changes over longer time scales, and in collaboration with the XFEL experiment (Kyoto University), additional
(time) information was provided for time-resolved structural analysis, contributing to support. In collaboration with
the XFEL facility at Kyoto University, various time-resolved experimental systems were established and upgraded
to support sample characterization and various functional analyses, and an environment for time-resolved crystal
structure analysis in conjunction with synchrotron radiation, such as catalytic reaction tracking, was established.
Since the start of the project, we have published thirteen papers related to the upgrading, and have successfully
demonstrated the time-resolved measurement system (temperature jump and conveyor belt) under development at
XFEL.

New research results in correlation structure analysis were generated throughout the research period, mainly in
three-dimensional structure analysis at SPring-8 and SACLA, in combination with XFEL, cryo-EM, and MD
simulations. These were achieved through collaboration with the other units in BINDS project. Furthermore, we
collaborated with Prof. Masahiko Yamaguchi of the AMED/BINDS Structural Development Unit on the
development of enzyme inhibitors.

In the development of microfluidic devices, which has been promoted as an advanced industry-academia
collaboration project, we developed new devices for high-throughput compound screening in collaboration with
Hokkaido University and with researchers from eight pharmaceutical companies as advisors. Through periodic
debriefing sessions, the project has been promoted by collecting opinions from companies and receiving test samples
as needed, and making use of the needs of the field in the development of the device. We have published the results
of our demonstration experiments (DOI: 10.1039/D0SC02117B), and are working on further development toward
practical application, such as device improvement and automation of experiments. In addition, as part of the
collaboration in the cryo-EM network, workshops and seminars were held in cooperation with other institutions. In
addition, we have participated in related sessions at the Institute of Physiological Sciences and other scientific
meetings, and introduced examples of structural analysis using cryo-electron microscopy. We also participated in
cryo-EM user group meetings to communicate with users and disseminate information.



