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Chapter 10.2. Cryocrystallography techniques and devices
D. W. Rodgers
10.2.1. Introduction

is that sufﬁciently rapid cooling causes the formation of a rigid
glass before ice nucleation can occur. The high viscosity of the
glass then prevents subsequent rearrangement into an ordered
lattice. Early attempts to ﬂash cool macromolecular crystals were
made by Low et al. (1966), Haas (1968), and Haas & Rossmann
(1970).
With samples as large as macromolecular crystals, however, it
is not possible to achieve the high cooling rates necessary to
prevent ice formation in water and most aqueous crystallization
solutions. The most general method for overcoming this problem
is to equilibrate the crystal with a solution containing a cryoprotective agent that slows ice nucleation and allows the
formation of a glassy solid with attainable cooling rates. A list of
cryoprotectants used successfully with macromolecular crystals is
shown in Table 10.2.2.1. Typically, these cryoprotectants are
included in the established stabilization or harvest solution at
concentrations that range from 6–50%. Glycerol is frequently
chosen for initial trials and appears to be a widely applicable
cryoprotectant for both salt and organic precipitants. Concentrations of glycerol necessary to prevent ice formation in a
number of typical crystallization solutions have been tabulated
(Garman & Mitchell, 1996). Other compounds such as ethylene
glycol and small sugars fall into this same class. Crystallization
precipitants such as 2-methyl-2,4-pentanediol (MPD) or polyethylene glycol (PEG) can often simply be increased in concentration to provide sufﬁcient cryoprotection. Ethanol, methanol
and MPD are useful in relatively low-salt conditions. The listed
stereoisomer of butanediol is a particularly effective cryoprotectant and can be used where other components of the solution,
such as high salt, may limit the amount of cryoprotectant that can
be added. Limitations owing to salt in the crystallization mix can
also be overcome by transferring the crystals to a solution
containing an organic precipitant before or during the introduction of the cryoprotectant (Singh et al., 1980; Ray et al., 1991;
Wierenga et al., 1992). Combinations of cryoprotectants have
been used where a single cryoprotectant alone did not permit
successful ﬂash cooling.
It is rare that a crystal can be transferred without damage
directly to a solution containing full-strength cryosolvent.
Usually, the cryoprotectant must be introduced slowly to reduce
stress on the crystal lattice. Methods of introducing cryoprotectant-containing solutions are listed in Table 10.2.2.2. Techniques
such as serial transfer through increasing cryoprotectant
concentrations or dialysis are preferred. They allow the crystal to
equilibrate with the cryosolvent, leading to reproducible crystal
quality and unit-cell dimensions after ﬂash cooling. Also, with
equilibrium methods, the solution conditions can be altered in an

The ability to collect X-ray data from macromolecular crystals at
cryogenic temperatures has played a key role in the more widespread and effective use of crystallography as a tool for biological
research. Radiation-damage rates are greatly reduced at low
temperature, often by orders of magnitude, making it possible to
work with crystals that would otherwise diffract too weakly or
decay too quickly. In particular, this radiation protection is
essential for the full use of increasingly powerful synchrotronradiation sources, and the coupling of the two permits the
investigation of ever larger macromolecular complexes and the
collection of higher-resolution data from nearly all samples.
Cryogenic data collection has also allowed efﬁcient experimental
phasing using multiple-wavelength methods, as well as preservation of unstable samples and trapping of transient enzyme
intermediates, an area that will undoubtedly continue to gain in
importance.
In this chapter, practical aspects of cryocrystallography are
discussed, with an emphasis on techniques and devices for crystal
preparation and handling. A number of prior reviews covering
these and other aspects of macromolecular cryocrystallography
are available (Hope, 1988, 1990; Watenpaugh, 1991; Rodgers,
1994, 1997; Abdel-Meguid et al., 1996; Garman & Schneider,
1997; Parkin & Hope, 1998). Radiation-damage protection at low
temperature, which is not well understood, has also been
discussed (Henderson, 1990; Gonzalez & Nave, 1994; Rodgers,
1996; Garman & Schneider, 1997), and the principles and
operation of cryostats for sustained cooling during data collection
are described elsewhere (Rudman, 1976; Hope, 1990; Garman &
Schneider, 1997).

10.2.2. Crystal preparation
Macromolecular crystals are intimately associated with bulk
aqueous solution. It surrounds them and penetrates them as
solvent-ﬁlled channels, which typically account for 30–80% of the
crystal volume. A key goal, therefore, of any procedure for
cooling these samples to cryogenic temperatures is to prevent the
formation of hexagonal crystalline ice. Ice formation, because of
the associated increase in speciﬁc volume, inevitably disrupts the
order of the macromolecular crystals and renders them useless
for data collection. The principle that underlies current methods

Table 10.2.2.1
List of cryoprotectants used successfully for ﬂash cooling macromolecular crystals
See the text as well as Rodgers (1994, 1997), Abdel-Meguid et al. (1996), and
Garman & Schneider (1997) for additional details.

(2R,3R)-( )-Butane-2,3-diol
Erythritol
Ethanol
Ethylene glycol
Glucose
Glycerol
Methanol

Table 10.2.2.2

2-Methyl-2,4-pentanediol
Polyethylene glycol 400
Polyethylene glycol 1000–10 000
Propylene glycol
Sucrose
Xylitol
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Methods for introducing the cryoprotectants needed for ﬂash cooling
(1)
(2)
(3)
(4)
(5)
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Serial transfer into increasing strengths of cryoprotectant
Dialysis
Growth in cryoprotectant
Brief transfer before ﬂash cooling
Direct transfer into full-strength cryoprotectant
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