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We have been providing three key technologies for structural biology; X-ray crystallography using the synchrotron radiation
beamline at SPring-8, cryo-electron microscopy using the state-of-the-art cryo-electron microscopes and NMR spectroscopy
using the ultra-high-field solution NMR instruments and the solid-state NMR instruments with dynamic nuclear polarization
(DNP) technique, to the AMED-BINDS project. In addition to providing support for structure determination of target
protein molecules, we have been developing new technologies/methodologies for structural biology using these techniques.

Combining these techniques enable us to develop a new scientific field, multi-scale structural life sciences.

(1) Support
1-1) Synchrotron Radiation Beamline (BL44XU)

The synchrotron radiation beamline at SPring-8 (BL44XU) is designed to collect high-precision diffraction

data from large unit cell crystals or poorly diffracting crystals. We provided ~10% of user time to the project
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and provided each user with data collection and data processing know-how we accumulated over the years.
We supported 11 projects form crystallization to structure analysis and provided beamtime to 4 projects.
1-2) Cryo-electron microscopes

We have supported 64 projects (from 68 projects consulted) and succeeded to solve many of the structures.
These results were published in the top journals, such as Nature, Cell etc. Notably, we succeeded to obtain
2.1A resolution structure map which could visualize small molecule of which molecular weight was smaller
than 500 in the early stage of the project. This result has confirmed the feasibility of its use of cryo-electron
microscopy in drug development.
1-3) NMR instruments

We provided ~10% of machine time of the ultra-high-magnetic-field solution NMR instruments, which can
be used for ligand screening and automatic data analysis, and the high-resolution solid-state NMR
instruments with DNP technique together withlmm rotor to the project. We also provided sample
preparation, data collection, data analysis know-how we accumulated over the years. We supported 13

projects (11 for solution NMR and 2 for solid-state NMR).

(2) Upgrading
2-1) Upgrading the IPR beamline

We have installed a high-resolution photon-counting type area detector and a multi-axis goniometer to
enable diffraction data collection from large unit cell crystals (>400 A or poorly diffracting crystals with high-
precision. In addition, the improvement of the peripherals including a large data server, and a new crystal
mount robot SPACE-II were performed. During the project, we have made significant improvements in the
beamline and completed a highly precision and highly efficient data collection system from crystals with
large unit cell or poor diffraction crystals.
2-2) Development of automatic refinement pipeline for high throughput structural analysis

We have developed the automatic refinement pipeline for X-ray structure analysis for high throughput
structural analysis.
2-3) Upgrading the cryo-electron microscopes

High-speed direct electron detectors, a K3 camera and a K2 camera, were installed on the Titan Krios and
Talos Arctica, respectively. The K3 camera quipped with the Titan Krios can collect more than 6 times images
than FalconlIIl which was initially installed, using SerialEM software. The K2 camera equipped with the
Talos Arctica can collect more than 5 times images than FalconlIl. Automated data acquisition and on-the-
fly image processing systems are installed on both microscopes, and sample screening can be performed
within one hour.
2-4) Development of novel sample grid for cryo-electron microscopy

Preparation of sample grids are sometimes seriously problematic because of denaturation of sample at the
water-air interface and/or preferred orientation of molecules on a sample grid. Our novel sample grid
preparation technique, which oxidize graphene surface of the sample grid by ClOz gas and then epoxidized
by epichlorohydrin, solved these problems, since the molecules are covalently attached on the grid surface in
a random orientation. Using this novel sample grid, we have succeeded to solve atomic structure of V-ATPase,
which had not been solved because of “preferred orientation problem” on a conventional sample grid.
2-5) Advanced high-resolution NMR technologies

We have developed the core technologies for NMR experiments, including preparation of membrane
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proteins using artificial lipid bilayer nanodiscs, in-cell NMR for detecting target proteins or compounds in a
cells, automatic NMR spectral analysis program Deep-MagRO based on deep learning, high throughput
ligand screening with °F-labeled compound library, protein-protein interaction and dynamics analysis with
advanced isotope labeling technique, development of novel DNP technique for the sensitivity enhancement
of solid-state NMR.



