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Statistically designed experiments for screening crystal
growth conditions greatly reduce the amount of sample neces-
sary to find conditions for crystal growth and lead naturally to a
useful database for improving crystallization conditions in cases
where the initial trials do not produce adequate results. De-
signed experiments simultaneously vary all the factors to be
screened, and this results in a substantial increase in sampling
efficiency. Essential features and examples of two-level facto-
rial, fractional factorial, and generalized multilevel incomplete
factorial designs are compared and evaluated. Rudimentary mi-
croscopic examination can be used to determine the experimen-
tal outcomes, which in turn can be used in subsequent optimiza-
tion and analysis. Despite the limitations of this crude
experimental assay, which include subjectivity, poor precision,
and mistaken identification of microcrystalline for amorphous
precipitates, quantitative evaluation of the ensemble of tests
in an experimental design has revealed a number of significant
aspects of crystal growth behavior both in screening and in more
detailed explorations. Practical ways to improve the accuracy of
quantitative evaluations are available, and these would sub-
stantially enhance the usefulness of designed experiments in
finding and optimizing crystal growth conditions. © 1990 Academic

Press, Inc. s

Many factors can influence protein crystal growth,
and the ability to grow good crystals of a chosen protein
may depend critically on factors whose effects on crystal
growth cannot be predicted in advance. For this reason,
the identification and efficient exploration of all poten-
tial factors should play an important role in the initial
attempts to crystallize any macromolecule or intermo-
lecular complex. Statistically designed experiments
have been widely used in industrial quality control appli-
cations since their underlying rationale was first clearly
established by R. A. Fisher (1). They are, in fact, the
statistician’s answer to the ‘“needle-in-the-haystack”
problem in any of its many guises. In fact, the less one
knows about the behavior of a system, the more impor-
tant it is to think carefully about the experimental de-
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sign one will use to characterize it. This applies perforce
to the crystallization of a new macromolecule.

Since we introduced the use of statistical designs for
protein crystallization experiments (2), we have made
extensive use of incomplete factorial designs containing
between 20 and 35 experiments to screen conditions for
growing crystals of eight new proteins (3-8). The results
of these searches compare very well with those obtained
using other approaches to screening. In addition to pro-
ducing diffraction quality crystals in a very high propor-
tion of the designs, we simultaneously established condi-
tions for growing crystals of important ligand complexes
(2, 7) and useful crystal polymorphs (2, 8). Seldom have-
we used more than 10 mg of protein in these screening
experiments. Other laboratories have also found the ap-
proach to be useful in much the same way (9-13). The
method has also proven its efficiency in other applica-
tions, where variation of numerous reaction parameters
was necessary to optimize the in vitro rate of a complex
biochemical reaction (14). In this article, the underlying
motivations for statistical experimental designs are re-
viewed and different implementations of a particular
type of design, the factorial experiment, are compared.
The most significant advantages of these designs are the
efficiency, accuracy, and completeness that they provide.
Of these advantages, the efficiency alone of factorial ex-
periments is sufficient to justify their use over other ap-
proaches to screening. Exploitation of the full power of
these designs for quantitative analysis of crystal growth
behavior is, however, still in the future. Methods now
under development (4, 5, 15-18) should become effective
in providing accurate and quantitative alternatives to
microscopic examination for scoring individual experi-
ments. Nonetheless, in our hands, even the subjective
use of a dissecting microscope has provided important
insights into crystal growth behavior from analysis of
the combined observations of a design.

The statistical approach to screening experiments is
counterintuitive because it involves the simultaneous
variation of all possible experimental variables system-
atically from experiment to experiment within a design.
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