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% fL @ X %  Optimization of cryoEM imaging condition and structural analysis of the
bacterial flagellar rotor
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Recent advances in electron cryomicroscopy (cryoEM) and single particle image analysis
provide exciting opportunities for the 3D structural determination of large macromolecular
complexes such as viruses and ribosomes. The next biggest challenge lies in high-resolution
structural analysis of smaller complexes with lower symmetry or no symmetry. In the case of
single particle image analysis, the resolution of 3D density map critically depends on the accuracy
of alignment of each particle image. The image contrast and signal-to-noise ratio (S/N) of
cryoEM image are extremely low, and therefore, to reconstruct 3D density map at high enough
resolution to elucidate the mechanism of biologically important protein complexes, we need to
optimize the purification protocol and imaging conditions to improve image contrast and S/N.

In this study, I focused on the optimization and development of high-resolution image
recording. First, I reexamined the effect of specimen temperature on electron radiation damage by
measuring the intensity decay of diffraction spots as a function of accumulating dose to find an
optimal specimen temperature for high-resolution structural analysis. It has been known that
radiation damage is reduced most at 4 K. However, surprisingly, I found that radiation damage to
biological macromolecules is reduced more at 50 K than at 4 K.

Next, I compared 3D density maps reconstructed from images recorded at different
specimen temperatures and different dose levels to measure the radiation effect on the 3D density
map. I found no significant difference in resolution and quality among 4 K, 50 — 60 K and 70 — 75
K at 20 e/A?, which is a standard dose level used in single particle image analysis. However, the
density maps of the virus from images recorded at 50 — 60 K were significantly better in both
resolution and quality than those at 4 K or 70 — 75 K when the dose was accumulated further,
indicating that cooling specimens down to 4 K is disadvantageous for electron cryotomography,
which need to use relatively high dose levels.

Finally, I carried out 3D image reconstruction of the core of the bacterial flagellar rotor

called the FliF ring by applying the optimal imaging condition. The FIiF ring is a transmembrane
complex composed of 26 subunits, Such large transmembrane complexes tend to be difficult to
carry out high-resolution structural analysis by X-ray crystallography or cryoEM. Although many
people have tried to do the structural analysis, it has proved to be difficult. I optimized the
purification protocol and vitrification condition to make good grids with which high-image
contrast and S/N can be obtained. The 3D density map of the FIiF ring was reconstructed from
those images at high enough resolution to elucidate not only the initial phase of assembly process
of the bacterial flagellum but also the mechanism of the rotation.
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