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Abstract: A method is described for high-quality protein crystal solution growth with the help of
localized action of a thermal control field. Two techniques for the nucleation and growth of single
crystals of biological macromolecules have been proposed. The first one utilizes a very slow tem-
perature shift at a capillary point where the crystal is to be grown. This allows to suppress an unde-
sirable multiple nucleation. The second technique includes several local rapid temperature changes
forcing the nucleation at the given point. These techniques were successfully tested while growing
single crystals of lysozyme, xylanase and human serum albumin (HSA) respectively.

Keywords: protein; crystal; growth; control; temperature; mathematical modeling

1. Introduction

Single crystals of biological macromolecules, primarily proteins, are obtained mostly
for determining their spatial structure by X-ray diffraction methods. Due to a broad di-
versity of such macromolecules there is no standard growth recipe for obtaining well-
ordered crystals of all the range of these complicated substances. Most widely used pro-
tein crystallization methods, such as the vapour diffusion and the bulk crystallization [1],
rely on the dependence of protein solubility on concentration either of the protein itself,
or of a precipitating agent such as a salt or polyethylene glycol. Unfortunately, none of
such methods can guarantee a single-crystal nucleation because the required supersatu-
ration is formed throughout the entire volume of a crystallization solution. In most cases
this induces a multiple nucleation that results in the growth of numerous tiny or twinned
crystals, which often appear to be unsuitable for X-ray diffraction studies. Although with
modern synchrotron sources one can study quite small crystals or even focus on parts of
polycrystals, larger single crystals may be measured using more available laboratory X-
ray sources and are especially necessary for neutron diffraction studies.

To overcome the multiple nucleation problem, many techniques have been devel-
oped, such as microseeding [2], counter-diffusion [3], laser ablation with spatially precise
ultrashort pulses [4] and a method based on a protein solubility dependence on tempera-
ture [5,6] rather than on concentration. We consider the last one especially perspective
because it provides good means to control the nucleation and growth processes and try
to elaborate it further in this paper. Unlike the concentration, the temperature can be eas-
ily changed locally providing the possibility to spatially limit the nucleation zone. A de-
sired temperature gradient is achieved by putting a thermostated conical or cuneiform
metal object into thermal contact with a thin-walled capillary holding the crystallization
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solution. However, conducting the entire crystallization experiment at a constant temper-
ature of the nucleation zone leads to a multiple nucleation as well, although in a smaller
volume. The reason is that the nucleation requires a substantial (several-fold) protein su-
persaturation [5] while crystallization solutions always contain multiple potential nucle-
ation centers. It is practically possible neither to detect the moment of a protein crystal
nucleus formation, nor to change the temperature promptly after that. In this work we
propose a technique that allows to get rid of the multiple nucleation using a gradual and
slow temperature shift.

Another problem, that makes the temperature-driven crystallization method less at-
tractive for experimentalists, is that it is applicable only to the proteins showing a sub-
stantial temperature dependence of solubility. In this work we make an attempt to over-
come this difficulty by combining the temperature-driven and the bulk crystallization
methods to a technique that forces the nucleation by local and rapid temperature changes.
This technique can be useful to crystallize proteins with an unknown temperature de-
pendence of solubility or even proteins not exhibiting such dependence at all. Therefore,
one can skip preliminary protein-consuming studies of solubility against temperature.
We, however, should note that a single crystal nucleation in supersaturated protein solu-
tions can be induced by other means as well. The temperature was shown to be a factor,
capable to initiate and drive the crystallization, and also to influence the nucleation stage
and, hence, the protein crystal morphology. This may be useful for obtaining good quality
single crystals of biological macromolecules. One or the other technique may be chosen.
The stronger the dependence of protein solubility against the temperature, the better
chances one has to succeed with any of the approaches.

A mathematical model has been developed and computational investigation has
been performed of the processes of protein crystallization from a homogeneous aqueous
solution in the crystallization volume. It describes crystal nucleation and growth depend-
ing on the local supersaturation and temperature as well as heat-and-mass exchange
within the entire volume of the solution including the protein crystals. This mathematical
model developed describes the process of nucleation and growth of protein crystals from
solution under the control action of a thermal field based on an intermediate phase con-
cept, the intermediate phase consisting of a mixture of solid and liquid phase fractions.
This model was used to calculate an experiment on growing a protein crystal from a ho-
mogeneous aqueous solution, with the process of crystal nucleation and growth being
acted upon by the precipitant and the thermal field. The calculations showed that this
model is adequate to the processes being modeled and can be used for parametric inves-
tigations and predictive calculations of protein crystallization processes under thermal
control field conditions both under terrestrial and space conditions.

These techniques were successfully tested while growing single crystals of lysozyme,
xylanase and human serum albumin (HSA) respectively.
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