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Summary of our study over the past 5 years of the AMED BINDS program

We have over 30 years of experience in electron cryomicroscopy (cryoEM) and image analysis for macromolecular
structural analysis, including its technological development. We have utilized 6 electron microscopes, of which 3 are high-
end electron cryomicroscopes (cryoTEM) to advance cryoEM technologies for high-resolution and high-throughput
macromolecular structural analysis as well as for collaborative studies with and support of other research groups in
academia and industry with our cryoEM technologies. We have supported 86 projects over the last 5 years of the AMED
BINDS program and already completed 75 of them.

We have established an efficient workflow of cryoEM structural analysis, starting from negative stain EM observation to
examine the shape and monodispersity of specimens, making cryo-grids by quick freezing and collecting a few to several
thousands of cryoEM images to carry out image analysis for 3D reconstruction, followed by model building based on the
3D maps.

In early 2019, we attained 1.53 A, a world record of high-resolution at the time, from about 900 images of apoferritin
automatically collected over 24 hours. For this work, we used JEOL CRYO ARM 300, a cryoTEM that we co-developed
with JEOL over 10 years, and its cold field emission gun that emits highly coherent electron beam greatly contributed to the
high resolution. After 2020, we devised a TEM control software for electron optics of CRYO ARM 300 to speed up the
imaging process without sacrificing high resolution, and the imaging speed was increased from 1,000 images/day to 22,000
images/day in the summer of 2020, and to 30,000 images/day in the spring of 2021. Since the number of images required
for high-resolution structural analysis is 3,000 to 4,000 in average, collection of several datasets can now be completed
within a day or two. Structure-based drug screening can be carried out quite efficiently now, and this was on the Nikkei
News Paper of April 5, 2021.

We also developed an epoxidized graphene grid (EG-grid) that effectively immobilizes protein particles by applying an
oxidation reaction using photoactivated ClO," and further chemical modification. The EG-grid is useful because it adsorbs
proteins on the grid surface at high density even from an extremely small amount of sample solutions with low protein
concentrations. For example, we were able to determine the epitopes of SARS-CoV-2 virus neutralizing VHH antibodies
within a few days by determining the structure of spike-antibody complexes, and thus the EG-grid has widened the
applicable targets of cryoEM, including membrane proteins. We will further develop cryoEM technologies and apply them

to support any projects to contribute to the advances in life science and drug discovery.



