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PROTOCOL

A novel technique for containerless protein crystallization

Naomi E.Chayen
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Heterogeneous nucleation, which is often detrimental to
the production of suitable crystals for X-ray diffraction,
can be induced by the contact of a crystallization sample
with the walls of its supporting vessel. A novel method for
creating a ‘containerless’ environment for the growth of
protein crystals is described. Contact between the container
walls and a crystallization drop is eliminated by suspending
the drop between two oils of different density: one of higher
and the other of lower density than that of water and the
common precipitating agents. A number of proteins were
crystallized in 2-10 pl drops using this procedure. It
was found that the number of crystals obtained in such
suspended drops was reduced significantly compared with
the number of crystals obtained in trials where the crystal-
lization drop was situated at the bottom of a vial under a
single layer of oil. This method has potential in controlling
heterogeneous nucleation.
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Introduction

The preparation of diffraction-quality crystals remains the key
problem of structure determination. Often, numerous tiny
crystals are formed instead of the desired large single crystals.
The ability to control the nucleation stage of crystallization
could restrict the number of nuclei formed in a sample, thus
providing only a few nucleation centres that should grow into
larger crystals.

Control of nucleation requires extremely clean solutions.
By employing the technique of microbatch crystallization
under oil (Chayen er al., 1990, 1992), where an aqueous
droplet is dispensed beneath the surface of a low density oil,
the drop is never exposed to air and is therefore protected
from contamination by airborne nucleants. Nucleation can be
initiated by solid material in the crystallization medium, on
which the growing crystals form. This may happen on a
crystalline surface (McPherson and Schlichta, 1988), on a
foreign particle (Malkin et al., 1993) or on a biological
contaminant (Chayen et al., 1993). Filtration of the crystalliza-
tion mixtures through a very fine filter can eliminate this kind
of heterogeneous nucleation. However, solid surfaces, such as
the walls of the vessel supporting a crystallization trial, also
have nucleation properties that cannot be readily eliminated
(Yonath er al., 1982; Blow et al., 1994). Hence, a method for
eliminating contact with the vessel was sought.

A simple technique is presented here which eliminates all
contact between the solution of a crystallization trial and its
supporting vessel by suspending a crystallization drop between

two oils. The technique is based on the microbatch crystalliza-

tion method and was suggested originally by Blow et al.
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(1989). The first attempts at using this method were presented
by N.E.Chayen in 1992 (unpublished results), in a workshop
at Imperial College, London, UK. Similar experiments were
reported by R.Giegé at the International Conference on the
Crystallization of Biological Macromomlecules in Hiroshima
(Lorber and Giegé, 1996).

Materials and methods

The basic principle of the technique is to dispense a crystalliza-
tion drop into a container in which a layer of low density oil
is placed above a layer of high density oil. The two layers are
not miscible and the crystallization drop, which has a density
value between those of the two oils, will float at the interface,
thus not touching the container walls (Figure 1).

Crystallization

Hen egg-white lysozyme (L-6876) and thaumatin (T-7638)
were obtained from Sigma, and carboxypeptidase G, (CG,) was
supplied by Dr R.Sherwood of the Public Health Laboratory
Service, Porton Down, UK. Crystallization conditions were
identical to those described by Blow et al. (1994). Apocrustacy-
anin C, was supplied by Dr PF.Zagalsky of Royal Holloway
College, Egham, UK. Batch crystallization took place at 18°C
under the following conditions: 12.5 mg/ml protein, 5% (v/v)
2-methyl-2.4-pentanediol (MPD), | mM EDTA, 0.1 M Tris—
HCI (pH 9.0) and 1.0 M ammonium sulfate. Dow Corning
silicone fluids of a range of densities and viscosities were
obtained from BDH. Those finally chosen for the experiments
were Dow Corning fluorinated silicone 1265/10 000 cS as the
high density oil (p = 1.27 g cm™®) and Dow Corning 200/5
¢S silicone fluid (polydimethylsiloxane) as the low density oil
(p = 0.92 g cm™). All experiments were repeated at least six
times. The amount of nucleation was indicated by the total
number of crystals present in a drop after 2 days in the case
of lysozyme, thaumatin and CG,, and after 1 month in the
case of apocrustacyanin C,.

Experimental procedure

Crystallization experiments were set up manually as microbatch
trials in Linbro plates (Flow Laboratories Inc., USA) and in
7 ml plastic Bijou vials (Sterilin, UK). A layer of low density
oil was placed above a layer of high density oil. The quantities
of the oils were such that the high density oil covered the
floor of the vessel and the volume of the low density oil was
sufficient to protect the crystallization drop from evaporation
(typically 1 ml was applied). The oils are immiscible because
of their different densities, and the layers separated even after
vigorous mixing. The crystallization drops were prepared by
mixing the protein solution and the respective precipitating
agents in Eppendorf tubes. The mixtures were then filtered by
centrifugation through 0.22 pum filters (Millipore UK Ltd).
Drops of 2—10 pul were pipetted with a micropipette into the
low density oil. Once dispensed, the drop situated itself
between the two oils, as shown in Figure 1. Aliquots of the
same solutions, acting as controls, were dispensed onto the
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