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Cryo-electron microscopy (cryo-EM) is a revolutionary technique to study the three-dimensional structure of
macromolecules and theirs complexes at molecular resolution. The first step in preparing samples for cryo-EM is to select
and optimize the right grid for the specimen. This screening process needs consideration in many aspects including
concentration and stability of the specimen, compatibility with grid material and optimum ice thickness across the grid.
Importantly, the best signal-to-noise ratio (SNR) for a micrograph is closely related to vitrifying the grid sample with the
optimum imaging condition. Here we describe overall strategies for grid selection and optimization by understanding the
properties of grids and a variety of techniques for grid treatment for high-resolution electron micrographs. This review also
describes the utilization of various specimen supports including amorphous carbon, graphene and functionalized support
films.
INTRODUCTION
Dramatic progress has been made since the first near-atomic
structure was revealed by cryo-electron microscopy single
particle analysis (Cryo-EM) in 2010 (Zhang et al., 2010), and now
cryo-EM has become one of the mainstream techniques to
determine the atomic structures of various biological molecules
(Bai et al., 2015; Roh et al., 2018; Lyumkis, 2019; Zhang et al.,
2019). The latest developments, including Direct Electron
Detection Device (DDD) with high detective quantum efficiency
(DQE) and readout speeds (Ruskin et al., 2013; McMullan et
al., 2014), user-friendly transmission electron microscopes
(TEM) with high-throughput grid screening and automated data
collection systems (Tan et al., 2016) and advanced computational
software algorithms to reconstruct three-dimensional density
maps out of noisy images (Baldwin and Penczek, 2007; Punjani
et al., 2017; Zivanov et al., 2018; Bepler et al., 2019), have been
combined and lead cryo-EM as a major trend in structural bio
logy.
The current pipeline of single-particle cryo-EM is concrete
enough and may guarantee a reasonable level of structural
information. For many projects, the remaining bottleneck for
structure determination by cryo-EM is specimen preparation
(Thompson et al., 2016; Chang and Barford, 2018; Sgro and
Costa, 2018). Regardless of instrumental advances in cryo-EM
technology, various obstacles that come from the nature of the
sample of interest can significantly slow down progress and
hinder structure determination.
A better understanding of the physical basis for vitrifying
complex specimens as well as vitrification technology itself is
necessary for obtaining high-resolution structures. Still, there are
plenty of effective strategies to perform specimen preparation
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in practice. As the first and most critical step in this review, we
introduce some practical and rational insights into cryo-EM grid
selection and specimen preparation. Subsequently, this review
will provide guidelines that give assistance to cope with various
recurring problems when preparing specimens for cryo-EM.

WORKFLOW OF CRYO-EM
The overall workflow of cryo-EM is divided into several stages:
sample preparation by vitrification, data collection using TEM,
and computational data analysis (Figure 1). First, target samples
have to be isolated and purified. Cryo-EM allows samples to
be prepared by significantly flexible methods compared to
X-ray crystallography and NMR spectroscopy in terms of the
concentration and purity of samples. Vitrifying a single grid
typically uses few μl of protein solution at a concentration of ~1
μM depending on the chemical properties of grids (Passmore
and Russo, 2016).
Biochemical validation for purified specimens prior to ima
ging is always strongly encouraged. In particular, nativePAGE, size-exclusion chromatography, and SEC-MALS can be
used to evaluate sample quality and oligomeric state, which is
supposed to be correlated with imaging results (Passmore and
Russo, 2016; Thompson et al., 2016). Above all, optimization of
biochemical conditions (e.g., buffer condition, ligand salt, pH,
etc.) for each specimen using these methods is strictly required
to avoid potential pitfalls in the imaging process.
To obtain micrographs containing high-resolution signals, the
quality of the vitrified specimen should be optimized. The first
step in preparing samples for EM (or cryo-EM) is to select and
optimize the right grid for the specimen. This screening process
needs thoughtful consideration of many aspects including
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FIGURE 1 I The conventional pipeline of cryo-EM workflow. The overall
workflow is divided mainly biochemical sample preparation, cryo-specimen
preparation, data collection and computational analysis.

concentration and stability of the sample, sample compatibility
with grid material, and uniformity of vitrified ice of optimum
thickness. Importantly, the highest achievable resolution for
the sample is mostly limited by vitrification conditions of the
specimen for optimum imaging conditions.
Room temperature negative staining TEM imaging is con
sidered the first step for screening suitable imaging conditions
for a specimen of interest (Brenner and Horne 1959) (Figure 2A).
The specimen is stained with a staining solution containing heavy
metal atoms such as uranyl acetate, ammonium molybdate, and
phosphotungstic acid, which generates relatively higher contrast
than cryo-EM imaging (Ohi et al., 2004; Gallagher et al., 2019).
The specimen is adsorbed on grids coated with thick and strong,
continuous carbon film and imaged at room temperature without
concern of radiation damage.
There is a minor debate on using negative staining before
cryo-EM screening as the process does not always work with
cryo-EM. However, negative staining still works as a fast and
convenient approach to check the constitution, conformation,
and size of the biological specimen as well (Harris, 2007). It is
always encouraged to check specimens by negative staining
first, overriding the issues with cryo-EM. For instance, visualizing
particles and converging them to 2D average images by negative
staining warrants whether the specimen itself is in a stable
biochemical condition when there are troubles with cryo-EM
screening (Figure 2A). We can focus on optimizing vitrification
conditions rather than returning to sample purification.

PROPERTIES OF CRYO-EM SPECIMEN GRIDS
Grids are traditionally made of a variety of metals such as copper,
nickel, molybdenum, and rhodium, and are ~3 mm diameter
disks with a mesh-like pattern. Grids for cryo-EM are covered
with perforated foil. Copper is the most common material since it
is inexpensive and exhibits good electron conductivity (Thompson
et al., 2016). Nickel, rhodium, and gold provide chemical stability
and compatibility with biochemical buffer solution. While nickel
grids are cheaper than gold grids, gold mesh grids exhibit ideal
performance in the case where cytotoxicity is a major issue. Gold
is a highly conductive, non-oxidizing, and radiation-resistance
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FIGURE 2 I Overall strategies for grid selection and optimization. (A)
Overall workflow of cryo-EM. (B-E) Commercially available grids. (B) shows
commercial grids with different mesh sizes. (C-E) show formvar carbon
support film, gold mesh, holey and lacey carbon grids, respectively. (B, C)
and (E) were retrieved from commercial websites and (D) from (Russo and
Passmore, 2014). (F-G) Detailed dimensions of various grids. All information is
also available at commercial websites (Russo and Passmore, 2016).

material even at cryogenic temperature. Gold is also chemically
stable and biocompatible allowing versatile application (Russo
and Passmore, 2014). Given that molybdenum has a similar
coefficient of thermal contraction as carbon, molybdenum grids
are preferred on some occasions. When vitrifying samples, the
molybdenum grid frame and the carbon film shrink in a relatively
concurrent manner, preventing the “wrinkling” of the grid (Booy
and Pawley, 1993; Dobro et al. 2010).
Larger mesh sizes, corresponding to higher number of mesh
grids and smaller gaps between grid bars, offer stronger me
chanical support, offsetting the effective imaging area as the grid
bars block more areas for imaging, especially at a high tilt angle
(Booy and Pawley, 1993; Dobro et al., 2010). Grids in various
mesh sizes are commercially available, and in particular 200mesh, 300-mesh, 400-mesh are widely used. In the case of cryoEM, grids with a high mesh number are favored to relieve the
grid damage, charging problems caused by exposure to electron
radiation (Figure 2B).
For cryo-EM grids, foil films are coated to accommodate
biological specimens. Typically, foil films are made of carbon
layers, such as continuous, holey, or lacey carbon films
(Quispe et al., 2007). Foil films can be made from various
materials, including gold (Passmore and Russo, 2016). Formvar
can be placed between a metal mesh and foil film to improve
the physical attachment of foil film. Many types of films are
commercially and domestically available, but amorphous carbon
films are commonly used. Coating carbon film on the grids is
also useful when aligning electron microscopes because carbon
film scatters more electrons than ice (Russo and Passmore,
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2014). However, conventional amorphous carbon substrates
undergo bending and deformation by electron irradiation. By
contrast, gold grids may alleviate the inefficient detection of
imaging electrons as well as the beam-induced movement of
the particles by maintaining the tension of the grid at cryogenic
temperatures due to high conductivity and radiation hardness
(Russo and Passmore, 2014).
Foil films can be classified by the diameter of the holes and the
width between two holes. For example, R1.2/1.3, represents a
1.2 um hole size and 1.3 um distance between holes (Chang and
Barford, 2018). Different sizes, such as R0.6/1, R1.2/1.3, R2/2,
and R3.5/1, are commercially available (Figure 2C-F). A holey
grid with a smaller hole size can be selected to minimize beaminduced particle motion since it allows even beam illumination on
the grid hole and minimizes the z-directional drum-like motion of
the specimen in ice (Brilot et al., 2012). The drawback is that a
smaller field of view limits imaging throughput using a high-end
electron microscope.
Foil film thickness is one of the key factors to control ice
thickness for cryo-EM specimen preparation. While thicker foil
film can provide mechanical strength on a grid, it can generate
ice that is thicker than needed, and cause high background noise
because of multiple electron scattering through a longer mean
free path (Passmore and Russo, 2016). Therefore, other types of
grids are worthy enough to produce the best image. A C-flat grid
is considered good for thinner ice thickness but requires caution
with handling because it is known to fracture easily. Recently,
a complete gold grid is considered the best option for highresolution imaging (Figure 2G) (Russo and Passmore, 2016).

and organic contaminants from surfaces with the use of an
energetic plasma or dielectric barrier discharge plasma created
from gaseous species (Russo and Passmore, 2014). This is also
referred to as the glow discharge process (Murata and Wolf,
2018). When the voltage exceeds a striking range, the ionized
gas glows with a purple light. Chemically reactive gases (air,
oxygen) react with hydrocarbon monolayers to form gaseous
products that are swept away by the continuous gas flow in the
plasma cleaner chamber (Passmore and Russo, 2016).

SURFACE TREATMENT FOR CRYO-EM GRIDS
While almost all biological specimens are in an aqueous solution,
most cryo-EM grids are usually coated with hydrophobic carbon
film or formvar; thus, some aqueous samples may not infix into
the grid holes (Passmore and Russo, 2016). The hydrophobicity
and hydrophilicity of the grid surface influences the droplet
morphology on evaporation (Figure 3A). On a hydrophobic
surface, the contact angle between the grid surface and sample
droplet is fixed while their contact area is minimized (Figure 3A,
upper). On a hydrophilic surface, however, the contact area
between the grid surface and sample droplet is maintained with a
decreasing contact angle (Figure 3A, lower). Therefore, the level
of wetting may indicate whether the particles are homogeneously
distributed over a cryo-EM grid and the wetting strategy of a
cryo-EM grid is a critical process to control particle dispersion
before imaging (Glaeser et al., 2016). Of note, even if attention
is paid to minimize evaporation during the vitrification process,
the drop concentration can still vary by microenvironment on the
grid, for example, the temperature and evaporation variation in

GRID CLEANING FOR CRYO-EM
Since commercial grids are often manufactured using plastic
materials, hydrocarbon contamination and residual solvent on
the grid can cause several compatibility problems for sensitive
biological specimens (Grassucci et al., 2007). In addition, storing
grids at atmospheric conditions may increase hydrocarbon buildup on the specimen, and these hydrocarbons can form a thick
layer on the surface under the influence of an electron beam as
well.
Chemical cleaning does not require extra instrument and the
grid simply needs to be dipped in multiple organic solvents in
sequence: chloroform, acetone and ethanol, then rinsed with
water (Passmore and Russo, 2016). It is a tedious procedure
as all the grids have to be pinched and treated independently,
and moved from a grid box to dishes, and to boxes. These
days, commercial products can be used directly out of the box
because improved manufacturing processes minimized residual
contamination.
There are several instruments designed for convenient TEM
grid cleaning. Vacuum-controlled UV irradiation and activated
oxygen gently remove hydrocarbons from the grid surface
shortly before cryo-EM sample preparation (Dubochet et al.,
1988; Burgess et al., 2004). Plasma cleaning removes impurities
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FIGURE 3 I Surface pretreatment for cryo-EM grids. (A) On a hydrophobic
surface, the contact angle, θ, is fixed and the contact area is minimized, and
vice versa as the surface has hydrophilicity, the contact area between grid
surface and sample droplet is fixed while θ’ is minimized. (B) The grid obtains
hydrophilicity with chemical doping, followed by a decreasing contact angle.
The image is retrieved from (Meyerson et al., 2014). (C) Theater droplets with
different values of θ, θ’ and the contact area according to whether the grids
were treated by glow discharge (right) or not (left).
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the chamber (Dubochet et al., 1988; Cyrklaff et al., 1990).
Many methods including chemical doping (Meyerson et al.,
2014; Thompson et al., 2016; Chang and Barford, 2018; Sgro
and Costa, 2018) (Figure 3B) or treatment with low-energy
plasmas (Passmore and Russo, 2016) (Figure 3C) are frequently
used to control hydrophobicity as a primary goal. These methods
can be additionally used to alleviate problems with particle
orientation, particle distribution and protein stability by optimized
microenvironment. In other words, proper grid pretreatment is
directly connected to the best image quality for high-resolution
cryo-EM.
Controlling hydrophobicity of grid surface
A classical approach to hydrophilize the carbon surface is by
using a 0.1% (w/v) polylysine solution (Guo and Jiang, 2014).
Polylysine, a consequential product of the polymerization of
lysine, is a cationic polymer containing two amino groups in a
repeating unit. By applying a droplet of a polylysine solution, a
grid can obtain a positive charge on its surface. After washing
the solution off, polylysine forms a thin extra layer on the grid,
allowing it to snatch samples in a negative charge. Although the
polylysine layer can increase the background noise and cause
compatibility issues, polylysine doping is a well-known method
to make a grid surface hydrophilic (Guo and Jiang, 2014). Gold
grids also have a hydrophobic surface, so polyethylene glycol
coated on the surface alleviates the hydrophobic properties on
the gold grid and allows particles to enter grid holes (Meyerson
et al., 2014) (Figure 3B). Likewise, graphene-coated grids can be
rendered hydrophilic by plasma etching (Russo and Passmore,
2014) or non-covalent chemical doping, exploiting the π-stacking
interaction between graphene and aromatic planar compounds
(Pantelic et al., 2014).
Other than chemical doping, plasma cleaning or glow dis
charge is more commonly used to make grids hydrophilic (Murata
and Wolf, 2018) (Figure 3C). In the glow discharge system,
electrons are accelerated in the electric field, gaining high energy
and colliding with gas molecules in a chamber. When electrons
get enough energy, the covalent bonds of gas molecules can
break down, resulting in charged particles such as ions and
radicals. This plasma reacts with the surface of grids, generating
some hydrophilic functional groups, and thereby reduces
hydrophobicity. Plasma cleaner also treats grids with low-energy
plasma, depositing some charges and removing hydrocarbon
accumulation on grids (Drulyte et al., 2018). Glow discharge and
plasma cleaner share a similar concept of applying plasma for
hydrophilization, except that glow discharge often uses ambient
gases such as air, while a defined gas can pass through the
plasma cleaner. In many cases, a specific mixture of gases
such as argon/oxygen, or hydrogen/oxygen is introduced to the
plasma cleaner (Gan et al., 2008). Hydrogen or helium plasma
cleaning along with chemical precursors is also used for specific
purposes (Russo and Passmore, 2014; Naydenova et al., 2019).
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Improving particle distribution
A sample should be uniformly distributed in vitreous ice, and the
ice thickness must be controlled, given that particle distribution
is directly related to the physical properties of the grid (Figure
4A). For instance, some grid holes filled with concave ice
involve gradation of particle distribution in parallel with thicker
ice. It is necessary to control blot time and/or blot force to
optimize ice thickness at first. Another major reason for poor
particle distribution is a consequence of the direct interaction
between grid material and biological specimens. Adding
chemical additives such as detergent to minimize specimengrid interaction or changing the types of grid materials is a
fundamental strategy (Figure 4).
The supporting film acts as an alternative to improve particle
distribution. Conventional film is made of amorphous carbon,
supporting homogenous ice thickness in the grid hole and
protecting particles from the air-water interface. Since proteins
can directly interact with and adhere to the film, particles are
unlikely to aggregate by exposure to the air-water interface or
any potential solvent current (Drulyte et al., 2018). The most pro
blematic aspect when using amorphous carbon film is that it
blurs high-resolution signals from the particles and adds strong
background noise. Therefore, the carbon film may not be suitable
for small proteins under 200 kDa (Glaeser et al., 2011).
One of the alternatives supporting films to resolve background
noise problems is the graphene film (Chang and Barford, 2018).
Due to its monoatomic layer thickness, it guarantees high

FIGURE 4 I Various views and distributions of vitrified particles. (A)
Depictions of the grid holes and representative images of micrographs of
cases of distinct particle distribution: from left to right, particles in random
orientation, particles migrating outward due to uneven ice thickness, particlegrid support interaction stronger than particle-water interaction, and particles
at preferred orientation. (B) Depictions of grid holes and representative images
of micrographs showing the preferred orientation of the particles. The random
orientation issue is fixed by treatment with detergent or supporting film.
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contrast images by effectively avoiding secondary electron
scattering that mainly contributes to background noise.
Graphene is also well known for its strength and stability under
an electron beam, making it an almost perfect candidate for
cryo-EM grid support film (Chang and Barford, 2018). However,
since graphene comprises a series of sp2 bonded carbon atoms,
it has highly hydrophobic characteristics and requires further
treatment for use. One solution is partial hydrogenation of
graphene sheets using plasma cleaner. Low-energy hydrogen
plasma changes sp2 carbon bonding into sp3 carbon-hydrogen
bonding and consequently the grid becomes wet enough
when blotting the sample (Russo and Passmore, 2014). Also,
Naydenova et al., recently showed a method of tuning the
graphene surface by functionalizing the substrate with vapors of
a defined chemical precursor (Naydenova et al., 2019). Chemical
doping with 1-pyrenecarboxylic acid was also attempted to
hydrophilize graphene sheets (Pantelic et al., 2014; D’Imprima et
al., 2019).
On the other hand, graphene oxide (GO) is oxidized graphene
containing many functional groups such as phenolic, epoxy
and carboxyl groups (Palovcak et al., 2018). These functional
groups provide a hydrophilic surface, so they do not require
an extra hydrophilization procedure. GO offers a similar level
of transparency and support film functionality as graphene,
thus improving sample dispersion (Palovcak et al., 2018). GO is
also inexpensive and it is easy to modify its functional groups
(Pantelic et al., 2010; Brilot et al., 2012). However, the greatest
drawback of applying GO is the transferring process. A few
methods have been proposed for effective GO transfer to obtain
uniform coverage on grids and prevent multi-sheet aggregation
(Passmore and Russo, 2016; Chang and Barford, 2018).
Overcoming the preferred orientation of particles
In many reported cases, some specimens appear to render few
classes of projection in ice, which is the so-called preferred
orientation problem (Finci et al., 2018; Allu et al., 2019; Schäfer
et al., 2019) (Figure 4B). Generally, when analyzing datasets
of particles in a preferred orientation, building a Euler angle
distribution of particles is usually difficult due to a missing wedge
in Fourier space, which adversely affects 3D reconstruction and
the final resolution (Baldwin and Lyumkis, 2020).
These phenomena originated from the extremely hydrophobic
properties of the air-water interface, inducing potential protein
denaturation and aggregation as well as preferred orientation
(Noble et al., 2018; D’Imprima et al., 2019). Given the typical
diffusion coefficient of macromolecules such as the ribosome,
it is known that the particles can be exposed to the air-water
interface within a millisecond timescale in about 100 nm thickness
of the solution (Taylor and Glaeser, 2008). This is a relatively
short timescale compared to the blotting and vitrification
procedure in Vitrobot, which is a conventionally used automated
vitrification machine (Iancu et al., 2006). When particles hit the
air-water interface, the hydrophobic region of particles may
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be adsorbed to boundaries between air and water, exhibiting
preferred orientation. It is also suggested that the free energy
landscape of protein unfolding at the air-water interface is lower
than the energy in the bulk solution, and thus more prone to
denaturation (Taylor and Glaeser, 2008, Glaeser and Han, 2017).
Therefore, maintaining the stability of specimen complexes is
effective to overcome preferred orientation.
Chemical additives can be applied on a grid to randomize
particle orientation. The addition of specimen-compatible
detergents is the first choice to mitigate preferred orientation
(D’Imprima et al., 2019). Non-ionic detergents such as n-Octylβ-D-Glucopyranoside and n-dodecyl-β-D-maltoside are widely
used (Pryor and Travis, 2018), and a recent study found that the
zwitterionic detergent CHAPSO at its CMC effectively blocks
specimen adsorption to the air-water interface (Chen et al.,
2019). A monolayer of detergent may be positioned at the airwater surface to shield proteins from the preferred orientation
and possible denaturation (Glaeser and Han, 2017).
In addition to controlling the hydrophobicity of the grid,
polylysine can also be used to alleviate preferred orientation (Jin
et al., 2019). Polyamylamine is another classical doping chemical
with a carbon support film, and basic radicals are deposited
onto thin carbon films in a reducing atmosphere produced by
a glow discharge of amylamine vapors (Grassucci et al., 2007).
Polyamylamine is convenient but has to be used with proper
protection as it is a known carcinogen.
Supporting films such as amorphous carbon, graphene and GO
described previously are also options for preferred orientation
problems. The films cover the air-water interface and anchored
protein in the solution environment and minimize particle contact
to the air-water interface (D’Imprima et al., 2019). As a parallel
out of specimen preparation scheme, imaging conditions with a
tilted stage can be optimized depending on microscope acces
sibility (Tan et al., 2017).
Controlling particle numbers on the images
In many cases, purified aqueous protein reveals instability at high
concentration, while it is also complicated to capture enough
particles in grid holes when dealing with low-copy-number
protein. Instead of altering the concentration of fragile protein
samples, supporting films and functionalized grid surfaces can
be used to regulate particle concentration on the grid hole. In
particular, hydrogen plasma utilizes a graphene grid by means of
altering protein adsorption (Campin et al., 2019). It was revealed
that as low-energy plasma is treated on a graphene grid, more
particles are patched to the graphene sheet even at the same
initial sample concentration, concurrent with plasma-treating
time (Russo and Passmore, 2014).
Affinity grids are an emerging strategy to merge sample
purification and grid preparation into a single step (Glaeser and
Han, 2017) by using the specific interaction between target
molecules and substrate (e.g., antibody, biotin, etc.) (Figure 5).
By modifying the interaction, it becomes manageable to alter the
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from cell lysate with GO-NTA-coated grids (Benjamin et al.,
2016). For unlabeled proteins of interest, specific antibodies can
be used as they can be immobilized directly on carbon films of
the grid (Yu et al., 2016). Alternatively, a “sandwich” strategy
has also been demonstrated. His-tagged protein A is first bound
to the Ni–NTA lipid monolayer and applied to the grid. Next,
specific antibodies to particles of interest can bind to the protein
A (Kelly et al., 2010).

CONCLUSION

FIGURE 5 I Lipid monolayers that provide the Ni–NTA functionality
promote affinity binding of his-tagged proteins (Kelly et al., 2008). GONTA-coated grids with deactivating agents to enhance antifouling properties
were utilized to isolate his-tagged T7 bacteriophage and His6-GroEL directly
from the cell lysate (Benjamin et al., 2016).

number and types of particles present on micrographs, and their
behaviors in ice as well.
Affinity grids have been used for a variety of purposes. For
instance, monolayer crystals of streptavidin have been used
not only for attracting protein particles but also as an indicator
of single particle image quality (Han et al., 2012). A similar
procedure can also be applied to preferential orientation. Lysine
residues exposed to the surface of the protein can be randomly
biotinylated to overcome preferred orientation in the thin ice (Han
et al., 2012). Moreover, lipid monolayers were also modified for
affinity binding of his-tagged proteins (Kelly et al., 2008) (Figure
5). When crude cell lysate is applied to the NTA-affinity grid, only
His-tagged target proteins can bind to the lipid monolayer with
Ni-NTA. Molecules out of interest can be washed away by rinsing
the grid, purifying the target protein and binding it to the grid in a
single step.
Supporting films such as amorphous carbon film and GO
are also extensively subjected to engineering. His-tagged T7
bacteriophage and his-tagged GroEL were directly pulled down
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Various cryo-EM approaches to determine high-resolution
structures are at the cutting edge of molecular biology and
biophysics as well as structural biology, in particular with
the recent developments in direct electron detectors, highthroughput electron microscopes, and better computational data
processing software. In this context, once the quality of an input
specimen grid is provided, the conventional cryo-EM pipeline
almost guarantees structures to take shape up to a certain point.
Still, the grid preparation step for target molecules remains a
trial and error process where specimen-specific conditions for
collecting higher resolution images have to be explored. The
selection and optimization of the right grids for vitrification is the
first and most critical step for high-resolution cryo-EM structures.
This screening process is tedious and burdened by complex
aspects including the concentration and stability of the sample,
sample compatibility with grid material, and uniformity of vitrified
ice of optimum thickness. The primary goal of this review is to
provide general concepts of controlled and reproducible sample
preparation, before relying on heuristic methods. The quality of
the micrograph may be reinforced by uniform orientation and
distribution of particles within the optimum ice layer. Therefore,
fine-tuning of grid condition is also critical for the final quality of
cryo-EM images.
We expect that the next revolution in cryo-EM will come with
vitrification devices and specimen grids such as automated
high-throughput vitrification, rapid ice thickness screening,
the minimization of specimen damage during the vitrification
process, and the exploitation of grids with specific interacting
surfaces. These new developments will allow us to attain the
theoretical resolution limit of this powerful technique in the near
future.
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