
New and Notable
Cryo-EM: Ice Is Nice, but Good Ice Can Be Hard to
Find
Edward H. Egelman1,*
1Department of Biochemistry and Molecular Genetics, University of Virginia, Charlottesville, Virginia
The revolution in electron cryo-micro-
scopy (cryo-EM) has been amply docu-
mented (1,2). The key development
leading to the phenomenal improve-
ments in resolution, in which a near-
atomic level of detail can now be
routinely achieved, was the introduc-
tion of direct electron detectors about
7 years ago. But the feasibility of
cryo-EM on biological samples was
demonstrated 46 years agowhen Taylor
and Glaeser showed that a frozen pro-
tein crystal could be maintained in the
hydrated state in the vacuum of an elec-
tron microscope (3). The next major
advance was when Dubochet and col-
leagues developed the method of vitrifi-
cation of samples, in which thin films
of water form an amorphous solid
(a glass) rather than a crystalline solid
when rapidly cooled (4,5). In the almost
40 years that have passed since the
vitrification technique was introduced,
not a great deal has changed in grid
preparation, as most people still rely
(whether doing this manually or, more
commonly, using commercially avail-
able vitrification devices) on applying
a small quantity of sample (�2 mL) to
an EM grid, blotting this with filter pa-
per to remove most of the sample, and
then plunging this into liquid ethane
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or propane that is maintained at liquid
nitrogen temperatures.

Although this approach to making
grids clearly works, as judged by
the >3700 structures at better than
4.5 Å resolution submitted to the
Electron Microscopy Database (http://
www.emdataresource.org) since 2012,
it is not necessarily optimal. It has
been understood that fluid flow and
shear during blotting (6), the exposure
of proteins to potential denaturation at
the very large air-water interface (7),
and the simple loss of most of the sam-
ple means that we should be able to do
better. Although some using cryo-EM
like to think of it as the visualization
of molecules in solution, we now
know that this is a rather naı̈ve view.
In the first place, the thin film in
which molecules are embedded when
imaged for cryo-EM is a highly aniso-
tropic environment, as opposed to the
isotropic environment expected in so-
lution. This is easily seen for filaments
(Fig. 1), which are frequently aligned
in one direction because of the large
fluid flow forces before vitrification.
These fluid flow forces can actually
place filaments under tension, and we
showed that cryo-EM of RecA-DNA
filaments oriented in the direction
of the flow had a pitch of �110 Å,
whereas a filament in the same image
oriented perpendicular to the flow had
a pitch of 96 Å (8). For actin filaments,
these forces and thin films can actually
make filaments appear anomalously
rigid compared to their behavior in so-
arch 24, 2020
lution and shift the distribution of
structural states that would otherwise
be present (9). In addition to the
problems of forces, anisotropy, and
potential denaturation, the normal
approach to preparing grids is also
not entirely reproducible. The ice
quality can be quite different between
different grids prepared from the
same sample, and across any individ-
ual grid, one will have a large variation
in ice quality. As a result, most grid
squares are usually not suitable for
high-resolution imaging. This means
that time and expertise are typically
required for finding the best parts
of a grid to image and restrict our abil-
ity to more fully automate cryo-EM
imaging.

Glaeser and colleagues have now
applied high-speed interference-
contrast light microscopy to examine
the interface between the fibers in filter
paper with water droplets applied to a
hydrophilic surface (10). Remarkably,
no one appears to have previously tried
looking at this during the �40 years
that people have been preparing cryo-
EM grids by blotting with filter paper.
As Yogi Berra may or may not have
said, ‘‘You can see a lot by just look-
ing.’’ And what Glaeser and colleagues
saw was that the nonuniform pattern of
fibers in filter paper creates an aqueous
film of highly nonuniform thickness.
Unexpectedly, when the filter paper is
removed, the film does not become
uniform in the second or two before
vitrification.
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FIGURE 1 A cryo-EM image of a field of actin filaments partially decorated with an actin-binding

protein. The alignment of the filaments is caused by fluid flow induced by blotting of the sample

with filter paper before vitrification. Because one would never see such alignment in solution at equi-

librium (in the absence of forces), such images reveal the magnitude of the forces present during the

traditional approach to cryo-EM grid preparation.

New and Notable
What conclusions follow from
these surprising observations? The
main one is probably that methods
that rely upon the classical approach
of thinning films using filter paper
are doomed to inconsistent and not
necessarily reproducible results.
Because the actual and potential
problems associated with this
method of preparing cryo-EM
grids have been apparent for some
time, attempts are currently being
made to use very different approaches
(11,12). Although no one expects
that such new approaches will
have the same impact on cryo-
EM as the introduction of direct
electron detectors, these new ap-
proaches may dramatically improve
the throughput in cryo-EM and
reduce the amount of expertise
currently needed to reach near-
atomic resolution for macromolecular
complexes.
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