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We developed a low-voltage cryo-EM that everybody can use easily in a wide range of science fields with an
economical budget. This cryo-EM was developed based on a scanning electron microscope (SEM: SU 9000) equipped
with a STEM detector to capture SEM and STEM images simultaneously, which was additionally equipped with newly
developed cryo-transfer holder and anti-contamination trap. We chose not to target atomic resolution in cryo-EM
development. Nonetheless, the low-accelerating-voltage (i.e., only 30 kV) cryo-EM that is capable of simultancous
STEM and SEM measurements offers several prominent advantages and may come to occupy a highly competitive
position within EM technologies. We estimate that many researchers in the life sciences would be satisfied with this
cryo-EM, because with it single-particle analysis is easily feasible with a small number.

Development of cryo-transfer holder

Of all of the elemental technologies encompassed by our development plan, the most crucial component was the
development of a cryo-transfer holder. Approximately 2/3 of the holder arm was formed by a double-walled vacuum
pipe that was almost entirely filled with liquid nitrogen, which increased the cooling rate of the sample holder. We also
added a vacuum system to release the gas from the liquid nitrogen in the pipe, and we tested the effect of converting the
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liquid nitrogen into slush nitrogen in what was the world’s first attempt to use slush nitrogen in a cryo-transfer holder.
In this way we succeeded ultimately in reaching temperatures as low as —195°C.

Development of new anti-contamination trap

Because the sample in a cryo-EM is held at an extremely low temperature, a contamination trap cooled to a
temperature below that of the sample is needed to prevent contamination of the samples. In our system, the arm portion
of the trap was also comprised of a pipe in which liquid nitrogen may be introduced at a point near its tip. We also added
a vacuum system and succeeded in cooling the trap to —200°C by converting the liquid nitrogen into a slush.

Application to biological samples

We developed a device for cell-membrane removal (i.e., unroofing) to facilitate observations of the membrane
cytoskeleton. Such unroofed cells were used instead of cryo-section. Simultaneous cryo-STEM and cryo-SEM
observation of membrane cytoskeletons in their native state, which was an original goal of this development project, has
been achieved. Because soluble components in a cell are washed away upon unroofing, the cytoskeleton could be
observed with sufficient contrast on focus. Short periodicity of actin filaments (5.5nm) were also observable. Surprisingly,
ribosomes and endoplasm reticulum remained partially intact after unroofing, and were observed well together with the
membrane cytoskeleton. In STEM, images are obtained by scanning an extremely focused electron beam over the sample,
and therefore images are a bit map of electrons transmitted through the sample. Thus, the image obtained is not formed
by an objective lens and does not suffer as much from the contrast transfer function (CTF). As a matter of course, images
were observed at the focal point without any reduction of the resolution. This is optimal for single-particle analysis. This
advantage is particularly prominent in our developed low-voltage cryo-EM installed with a cold-field emission electron
gun, which generates a fine focused electron beam (0.34 nm in diameter). Indeed, the single-particle analysis of the actin
filaments calculated from 200 images obtained by our 30 kV STEM exhibited a much higher resolution than that obtained
by conventional 100 kV TEM. One cryo-image of tobacco mosaic virus in native state taken in our 30 kV cryo-STEM
showed 2.8 nm resolution.

Application to Materials Sciences

Cryo-EM seems to be a useful tool for the material sciences because of its remarkable reduction of irradiation damage
to the samples. In particular, we have succeeded to observe fine bubbles (gas bubbles approximately 50-100 nm in size)
formed in water very clearly. These could possibly be observed with conventional cryo-TEM systems as well, but the
ability of our system to capture simultaneous STEM and SEM images offers proof that these bubbles actually do exist
in the water. This is a useful new application of the cryo-EM that we have developed. Strong future demand of this cryo-

EM is anticipated in areas such as cosmetics, pharmaceuticals, foodstuffs and soft materials.



