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Abstract

A simple method for growing protein crystals in the metastable zone using the vapor diffusion technique is described.
The coverslips holding the hanging drops are transferred, after being incubated for some time at conditions normally
giving many small crystals, over reservoirs at concentrations that normally yield clear drops. Fewer, much larger and
better diffracting crystals are obtained, compared with conventional crystallization at similar conditions. To our knowl-
edge, this is the first report of a significant crystal improvement due to “backing off” from nucleation conditions, using
the hanging drop method.

A correlation of the transfer time with published results for vapor diffusion equilibration of(gitiylene glycol
solutions is also presented.
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It is well known that to obtain spontaneous nucleation of protein This communication presents the results of a simple adaptation
crystals, it is not sufficient to set the crystallization trials at con- of the dilution method to the hanging-drop vapor diffusion tech-
ditions of supersaturation. Indeed, at conditions just above thaique, which is the most popular method of crystallizing proteins.
protein solubility curve, the supersaturation is not sufficient for In this study, we focus on defatted human serum albuiHBA)
spontaneous nucleation to take place. Within this zone of condi¢solved to 2.8 A by He & Carter, 1992s a model protein. This is
tions, commonly called the “metastable zone,” it is possible toa more challenging protein to crystallize than standard model pro-
sustain, but not to initiate, crystal growtMikol & Giege, 1993. teins like lysozyme or thaumatin.

It has been argued, and to some extent shown, that the metasta-
ble zone is an optimum zone for crystal growth, because of the
avoidance of excessive nucleation and the slow growth rate whiclResults
it affords(Stura & Wilson, 1992 However, in order for crystals to

be produced, crystal nuclei have to be somehow transferred t . . .
P Y %at crystals, which could reach a maximum size 0fX.8.35X

metastable conditions. . . L
The most common method for doing this is to physically trans-.o'12 mm and maximum diffraction limit of 3.5 Aout more typ-

fer “seeds” from labilgspontaneously nucleatingnto metastable ically bgtween 4 gnd 7 Awere growing in hanging drops_ over
drops by streaking or pipettingStura, 1999 Another method reservoirs consisting of 29 to 35¢v/v) PEG 3350 as precipitant.

involves diluting microbatch drops after incubating them for SOme_(l:—gr?dsiiio?s,nggg:sb;v;rs og;e:ltrgdetbélzg;nsgests;;eznlngazgund
hours at spontaneous nucleation conditions. It was shown that thfe r davs after set T% Is were run at b -th 12; aﬁd'ZtrF:pb A
optimum time for dilution was long before the appearance of the our days after setup. Irials were run at bo “he bes
T ) o crystals were consistently obtained &G4

first visible microcrystal¢Saridakis et al., 1994Przybylska(1989 It was therefore decided to set the drops for the “dilution” ex-
has described a double cell for changing reservoir concentrations . P

0, 1 1 —
during crystal growth to slow down the rate of evaporation of thePeriment at 4C. and 33% PEG 3350. reservoir concentration—a
droplet. condition that, in the conventional trials, consistently gave fairly

well-formed crystals of maximum sizes comparable to those men-
tioned above, as well as clusters of small crystals. The hanging-
Reprint requests to: Naomi E. Chayen, Division of Biomedical SciencesdrOp bearing coverslips were incubated for given times at these

. . , P HH H%Y 0,
Sir Alexander Fleming Building, Imperial College of Science, Technology conditions. They were thgn transf.erred over‘wells C.ontalnlng 244’
and Medicine, London SW7 2AZ, United Kingdom: e-mail: n.chayen@ PEG 3350, a concentration that in conventional trials resulted in

ic.ac.uk. clear drops, even after arbitrarily long incubation times.
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Preliminary conventional crystallization trials with HSA had shown
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Additional experiments at 1& were also similarly run, with  tionally in our laboratory(twice as large in each dimensjoand
initial and final reservoir concentrations of 32 and 28% PEG,approximately 70 times larger than single crystals in our controls
respectively. (see below. This crystal diffracted to 3.1 Aas compared to 3.5 A

Since nucleation can be initiated at any time from the momenfor the largest and best-looking crystal obtained by us by conven-
at which the trial is set up, a wide spectrum of times was chosentjonal crystallizatiof. Another drop at 4C yielded a single crystal
ranging from the first hours after setup to 72 h, over halfway intoof size 0.5x 0.4 X 0.12 mm. All high supersaturation control drops
the time of the first appearance of crystals. (three at each temperatymesulted in small single crysta{snax-

The times for the transfer of the drops were 2, 4, 24, 48, and 72 imum size 0.2< 0.2 X 0.06 mn), but mainly crystal clusters. A
after setup(t = 0). Controls, that is, drops set at the labilEgh typical high supersaturation control drop &iGtis shown in Fig-
supersaturation contrglend at the metastablgow supersatura- ure 1B. Improvement of crystals grown from the drops diluted at
tion controlg conditions att = 0, and thereafter left undisturbed, t = 72 h was also evident at the 48 conditions, but the best
were also set up. Further details of the procedures used are derystals, and most marked differences between the controls and the
scribed in Materials and methods. Transfers performed-=a2, 4, transferred drops, were always obtained a4
24, and 48 h resulted in clear drofas did the low supersaturation  Although these crystals were not used for structural studies, this
controlg, showing either that equilibration of the drop had not is to our knowledge, the first reported significant enlargement of
proceeded past the nucleation zone boundary before the transfer, mracromolecular crystals due to dilution of hanging drops.

that it had, but stable nuclei had not had time to form. Dilution experiments performed with lysozyme and a phycobil-
Transfers performed at= 72 h resulted in fewer, larger single iprotein, consistently showed better resiiliggher reproducibility
crystals, which appeared within 7 days from the transfer., of large crystalsthan conventional experiments set up at either the

10 days from setup One of the drops set at°€ yielded a single  higher or the lower supersaturation conditions.
crystal of size 1X 0.7 X 0.25 mm(Fig. 1A), which is approxi-
mately eight times larger than the largest crystals grown ConvenDiscussion
The following discussion focuses on the results obtained for HSA
at the £C conditions.

As explained above, the assumption in these experiments is that
the protein incubates for some time in the spontaneous nucleation
zone before being transferred to metastable conditions. In the con-
ventional vapor diffusion experiments, the drops remained clear
(i.e., no nucleationat final (reservoiy PEG concentrations below
28% (w/v). This means that the transferred drops, which=at0
had a PEG concentration of 16.50talf of the 33% original res-
ervoir concentration had reached before= 72 h, a PEG con-
centration above 28%; that is, the equilibration process had reached
at least 70% completion, sin¢@8 — 16.5/(33 — 16.5 ~ 70%.

Their transfer over a reservoir at 24&/v) PEG therefore re-
versed the osmotic pressure gradient, leading to an increase of drop
volume and concomitant reduction of the concentrations.

These observations and assumptions were compared with Mikol
et al.’s(1990 results concerning equilibration of PEG solutions in
vapor diffusion experiments.

Mikol et al. (1990 propose an empirical model describing the
volume change in the hanging drop as

WV g &
dt t:O_ T

v
r=y—; @
p

where\, is the initial drop volumep® the water vapor pressuré,

the dilution factor between drop and reservoir, and time con-
stant;e andvy are constants, empirically determinectat 0.81+

0.06 andy (20% PEG in reservojir= 149+ 28, irrespective of the
PEG mean molecular weight. However,is dependent on the
reservoir PEG concentration and an inverse proportionality is sug-
Fig. 1. A: HSA crystal grown in a drop transferred to low supersaturation geSFed. Oury is therefore two-thirds that of Mikol et al1990,
(24% PEG att = 72 h. Crystal size: ¥ 0.7 0.25 mm.B: HSA crystals  aving therefore a value of about 1q8. (at 4°C) ~ 6 Torr.

grown in the high supersaturati¢83% PEG controls. Note: Both pictures In our setupVo = 2 uL ands = 0.5. The units given above for
were photographed at the same magnification. p° and V, correspond to the values given for the dimensionless
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constants and give a result in mh. Substituting(2) in (1) and  were 32 and 28% PEG 3350. All reservoirs had 100 mM phosphate
replacing the above numerical values: buffer (pH 7.0. Each transfer lasted for 1-2 s.
The drops were observed throughout the experiment and at var-
AV ious later times, up to 3 months later. Up to the time of the last
A 0.034pL/h (3)  transfer(t = 72 h), all the drops, including the controls at high
supersaturation, were still clear.
The crystals were X-rayed at room temperature, using an Enraf-
onius GX21 rotating anode CuKsource with MAR image plate
detector.

assuming a linear volume decrease, which, according to Miko‘\I
et al. (1990, is the case until equilibration comes close to
completion.

From the above, equilibration is complete afte29 h, a time
that should be shortened somewhat to account for the presence Atknowledgments
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