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X-ray crystallography is still the most important method in structural life science research, but the
preparation of high-quality samples and the search for crystallization conditions are still bottlenecks. In
this project, we operated and upgraded a fully automatic crystallization and observation system that
performs crystallization screening at high speed and efficiency. And we tried to eliminate the bottleneck
by providing it to the support of users. Specifically, using the fully automated crystallization and
observation system which has been developed and operated by the principal researcher, Dr. Kato, at High
Energy Acceleration Research Organization (KEK), we supported the crystallization screening of proteins
and their complexes which were produced at each institution. The obtained crystals were subjected to X-
ray diffraction experiments at synchrotron radiation beamlines at Photon Factory in KEK and SPring-8 in
RIKEN-Harima. We also supported pre-evaluation of protein samples such as purity, monodispersity and
thermal stability in solution, and also supported to improve the crystallization success rate. In particular,
Dr. Murata (collaborative researcher) of Chiba University, who has a unique technology and significant
achievements, took the lead in supporting the prediction of heat resistance of membrane proteins.

In parallel, improvements of the fully automatic crystallization and observation system were
promoted, and those that could be implemented were sequentially provided for user-support. Specifically,
we strengthened our response to membrane proteins, which are highly requested from users. The fully
automatic crystallization and observation system has been modified to support not only the vapor
diffusion method but also both of the Bicelle and the lipidic cubic phase (LCP) methods. We also
improved the prediction procedure of heat resistance of membrane proteins. These have been realized and
provided for user-support. In order to further improve the success rate of crystallization, we analyzed the
images of the acquired crystallization drops and developed an automatic scoring function for
crystallization drops by machine learning. The function was implemented in the observation interface of
the fully automated crystallization and observation system to provide user-support. Furthermore, a new
crystallization accelerator compound which was developed at Hokkaido University was introduced into a
fully automatic crystallization and observation system at KEK to improve the crystallization success rate,
and the conditions to use the compound were optimized at Hokkaido University. In addition, we conducted
to develop new compounds.

Through these user-support and improvements, and with tight collaboration between synchrotron
radiation facilities (Senda team at Photon Factory and Yamamoto team at SPring-8) we could achieve to
construct a “seamless pipeline of preliminary evaluation-crystallization screening-structural analysis.” It
contributed to the progress of crystal structural analysis of many samples including membrane proteins

that are targets for drug discovery.



