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Cryo-electron microscopy (cryo-EM) is widely used to determine high-resolution structures from images
of protein molecules embedded in thin ice and from electron diffraction patterns of small and thin crystals.
These two techniques of imaging and diffraction offer complementary structure analysis of various-sized
molecules: The former single particle analysis is applied mainly to larger-sized molecules that yield good
image contrast in vitreous ice; Electron 3D crystallography (3D ED / MicroED) is applicable to undersized
crystals of smaller molecules, which are hard to solve by single particle analysis and do not grow to a
suitable size for X-ray diffraction even with a high-intensity synchrotron radiation beam. The former
application has value in structural biology, while the importance of the latter is becoming recognized in
synthetic chemistry, material sciences and related areas.

Following these successes, many researchers from macromolecular X-ray crystallography (MX) and other
areas have joined the cryo-EM field. Accordingly, the number of cryo-electron microscopes with a direct
detection device (DDD) camera is increasing over research institutes, universities, shared facilities and
industry. Most middle-range 200 kV to high-end 300kV machines are equipped with a Schottky emission
gun, as this gun produces a stable emission with moderate coherence during data collection over a few
days. Use of a cold-field emission gun (CFEG) is still limited in cryo-EM applications despite its high
temporal-coherence and superior high-resolution signals.

Likewise, use of energy filtration is rare in electron 3D crystallography. In the standard scheme, sequential
frames of rotational diffraction patterns are recorded on the detector of using an electron microscope,
while the sample crystal is continuously rotated as in MX. The merits of energy filtration are obvious, as
thicker crystals and highly-tilted crystals yield many inelastically scattered electrons, which result in high
background noise in diffraction.

We have introduced a cryo-EM system based on the 1st machine of JEOL CRYO ARM 300 equipped
with a CFE gun and an in-column energy filter, and been carrying out R&D of electron 3D crystallography
and single particle analysis using this system since 2018. The former has been applied to small and thin
crystals of various molecules covering proteins, polypeptides, drugs and organic materials. We have
shown that combination of 300 kV electrons and energy filtering is highly beneficial to achieve high-
quality structure analysis. For single particle analysis, we found that the CFE beam can enable higher-
resolution reconstructions with a less amplitude decay from smaller numbers of images than the
conventional Schottky emission does. Our target molecules range from ~ 50 kDa proteins to super
macromolecular complexes, which include spherical viruses, membrane proteins, protein-nucleic acids
complexes, and so on. Several structures resolve individual atoms in their functional sites.

Automated and remote data collection improves throughputs in both single particle analysis and
crystallography. Machine-learning approaches further accelerate these applications. In this symposium,
we will report our recent results and advances by complementary use of the two technologies.
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Figure 1. Electron diffraction patterns of thin 3D protein crystals. Upper: An eEFD frame taken with the
CRYO ARM 300 microscope at an accelerating voltage of 300 kV and with energy filtration. Lower: A
frame taken a microscope at 200 kV and without energy filtration. Intensity profiles of diffraction spots
at ~ 3 A (indicated by red circles) are overlaid on the diffraction patterns.
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Figure 2. A nanographene double-helix fiber by eEFD.
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