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Cryo-Electron Microscopy (cryo-EM) was sarted in the 1960-70's and perfected in the early 1980's [1]. It
is a method in which 25 uL of a biologicd sample is placed on a grid with a holey carbon film and blotted
with filter paper, then quickly plunged into liquid ethane. The buffer is frozen into amorphous ice, and the
biologicd sample can be visudized usng TEM while keeping the grid a cryogenic temperatures. A 50-100
nm layer of ice is ided for sudying proteins and 2D crysds. For the most part, obtaining a layer of ice this
thin has been controlled by the use of filter paper and the manipulations of the experimenter. For a novice
this process is irreproducible and frustrating. The increasing interet and number of facilities that collect
cyo-EM daa is pushing the need for semi-automated sample preparation techniques that yied reproducible
results.

The commedd avalability of automated blotting devices (Vitrobot, FEI Co.) has aided sample
preparation. The Vitrobot can control blot and plunge times as well as the humidity and temperature in the
blotting chamber, which will increase the reproducibility of ice thickness. The mgority of the time the ice
created on the grid is a wedge that sretches across the grid. This is acceptable and desired because the
optimd ice thickness is located somewhere on the grid but the characterigtics of the ice layer is dependant
on the types of grids one uses. For our automated data collection requirements, we use a commercidly
avalable holey cabon film with a regular spaced aray of holes (2um in diameter) spaced 4 pum
((Quantifail [2]) grids Qfoil R2/4, CwRh, 400M). Our experience has been that these grids are
hydrophobic and have contaminants on the support film that interferes with “thin ice formation on the grid.
There are several techniques used to overcome this. evaporating a fresh coat of carbon, pre-irradiaion
(usng an e beam), washing in organic solvents, and glow discharging. These trestments may not dways
work and are sometimes sample or buffer dependent.

We present a more rdiable and efficient process of preparing cryo-EM grids udng a plasma cleaner
(Fischiore Ingruments, fig 1), Vitrobot, and Quantifoil grids. In our procedure the grids are ‘plasma
cleaned’ and then the sampleis frozen within the hour on the Vitrobot.

Pasma cleaners have been widdy used by the materias science community for specimen preparation. The
theory is that free dectrons are accderated to high veocities by an ostillating eectromagnetic fidd that
excites gas atoms and creetes the plasma. A mixture of 25% oxygen and 75% argon is then used to optimize
the cleaning. The plasma process creates dissociated oxygen, which combines with carbonaceous materid
to produce H20, CO, and CO2 thus diminating dl contamination. We use the plasma cleaner for 30s to
clean the Quantifoil grids

Figures 2-4 show cryo-EM images prepared using this method, Samples were prepared form TMV (in
ddH20), GroEl (in 100 mM Hepes, 10 mM Mg-Acetate, 10 mM K-acetate, and 2mM DTT, pH 7.5), and
PBCV-1 (in50 mM Tris, pH 7.0). Each sample has adifferent buffer and particle Sze and shape.

The process has proven reliable enough that Rachd Banez a work-study undergraduate student with no
prior experience in EM has been able to reliably reproduce good cryo-EM grids. Our group continues to



have success freezing samples provided by other labs. There is no learning curve associated with the
procedure, and most of the steps are computer or robot controlled.
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Fig 1. Modd 1020 Plasma Cleaner
Fig 2. Tobacco mosaic virus (TMV) preserved in vitreous
ice showing digtribution of ice at various magnifications.

Fig 3. Paramecium bursaria chlordla virus type- 1

Fig 4. Escherichia coli chaperonin GroEL.
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