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Crystallization of chicken egg-white lysozyme from ammonium sulfate
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Abstract

Chicken egg-white lysozyme was crystallized from ammonium
sulfate over the pH range 4.0-7.8, with protein concentrations
from 100 to 150 mgml '. Crystals were obtained by vapor-
diffusion or batch-crystallization methods. The protein crystal-
lized in two morphologies with an apparent morphology
dependence on temperature and protein concentration. In
general, tetragonal crystals could be grown by lowering the
protein concentration or temperature. Increasing the tempera-
ture or protein concentration resulted in the growth of
orthorhombic crystals. Representative crystals of each mor-
phology were selected for X-ray analysis. The tetragonal
crystals belonged to the P4;2,2 space group with crystals
grown at pH 4.4 having unit-cell dimensions of a=b=78.71,

¢=38.6 A and diffracting to beyond 2. 0A. The orthorhombic
crystals, grown at pH 4.8, were of space group P2,2,2 and had
unit-cell dimensions of @ = 30.51, b = 56.51 and ¢ = 73.62 A.

1. Introduction

Ammonium sulfate is one of the most commonly employed
precipitants for protein crystallization (Gilliland, 1988).
However, the most widely used model protein, chicken egg-
white lysozyme (CEWL), has never been successfully crystal-
lized with sulfate ions at neutral or acidic pH. CEWL was
believed to produce only an amorphous precipitate from
ammonium sulfate, which has been the basis of a number of
studies comparing protein—protein and protein—solvent interac-
tions in crystallizing versus amorphous precipitating conditions
(Kam, Shore & Feher, 1978; Baldwin, Crumley & Carter, 1986;
Mikol, Hirsch & Giegé, 1989; Skouri, Munch, Lorber, Giegé &
Candau, 1992; George & Wilson, 1994; Ducruix, Guilloteau,
Riés-Kautt & Tardieu, 1996). The first successful crystallization
of CEWL was with protein, prepared by electrodialysis, from
ammonium sulfate in an acetate buffer (Alderton, Ward &
Fevold, 1945). However, this could not be repcated (Alderton &
Fevold, 1946). Riés-Kautt, Ducruix & Van Dorsselaer (1994)
reported that purified isoionic CEWL could be crystallized at
basic pH from low concentrations of sulfate. However, they
were unable to grow crystals at neutral or acidic pH. Broide,
Tominc & Saxowsky (1996) then crystallized CEWL straight
from the bottle in the tetragonal form with magnesium,
potassium and ammonium sulfates at pH 8.4.

The demonstration that isoionic CEWL could be crystallized
from sulfate at stoichiometric ratios at basic pH, followed by its
general crystallization from several different sulfates, also at
basic pH, led us to reexamine sulfates and CEWL crystal-
lization. Riés-Kautt et al. (1994) had indicated an inability to
obtain crystals at acidic pH values, and we wanted to determine
if there was a critical pH where crystallizability was lost.
Instead, we found that crystals could be grown at pH values
down to pH 4.0, the lowest limit tested. Herein, we report on the

1, 1997 International Union of Crystallography
Printed in Great Britain — all rights reserved

successful crystallization of CEWL from ammonium sulfate
over the pH range 4.0-7.8.

2. Materials and methods

CEWL (Sigma) was repurified by cation-exchange chromato-
graphy and recrystallized as previously described (Forsythe,
Ewing & Pusey, 1994). All chemicals were reagent grade or
better. Sitting-drop crystallizations were set up over the pH
range 4.0-7.8 (Davies & Segal, 1971), using sodium acetate,
sodium phosphate, and tris-HCI buffers at room temperature.
Buffer concentrations of 0.1, 0.05, 0.025, and 0.01 M were
investigated with ammonium sulfate concentrations ranging
from 0.3 to 2.5 M. Protein concentrations were 100, 125, and
150 mgml™!. Concentrations refer to the final equilibrium
concentration.

Batch crystallizations were performed in 5ml disposable
plastic test tubes at room temperature. Two sets of buffer
conditions (sodium acetate, pH 4.6 and sodium phosphate, pH
6.2) were studied. Highly concentrated protein in distilled H,O
was sequentially diluted with 0.1 M buffer. Then, 3 M
ammonium sulfate was slowly added with gentle vortexing to
bring the final sulfate concentration to 0.3 M. The first tube,
with the highest protein concentration, was not diluted with
buffer.

Suitable crystals were mounted in capillaries for crystal-
lographic analysis. X-rays were produced with a Rigaku
rotating-anode source operated at 40kV (70 mA) with a fine
300 um focus and 300 pm collimator and Cu Kx radiation at
1.5418 A. Data was collected at room temperature using an
R-AXIS II image plate with 105 um? pixel scan. The X-ray
diffraction data were processed with the programs DENZO and
SCALEPACK (Minor, 1993; Otwinowski, 1993).

3. Results and discussion

In the sitting-drop experiments, crystals appeared at every pH
and buffer concentration within 1-14 d. For the batch crystal-
lizations, orthorhombic crystals appeared in all tubes within
1-5d. At lower buffer concentrations (0.025 and 0.01 M),
crystals were obtained from 0.4 to 0.6 M ammonium sulfate.
The 0.1 M sodium acetate and sodium phosphate trials were
only conducted at 0.3 M ammonium sulfate. Crystals were not
produced with ammonium sulfate >0.6 M; a phase separation
occurred at concentrations >1.2 M; ammonium sulfate con-
centrations between 0.3 and 0.6 M were not tested with 0.1 M
buffers; and concentrations >0.6 M were not explored with
buffer concentrations <0.1 M.

Crystal morphology varied with the protein concentration
and temperature. Those grown from lower protein concentra-
tions (100 mg mI™'") had a tetragonal habit, confirmed by X-ray
analysis, although they were somewhat flattened along the
fourfold axis. Higher protein concentrations (150 mg ml™ ') gave
a large mass of chunky rods which were somewhat fragile.
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Table 1. Summary of crystallographic data from tetragonal and orthorhombic crystals

All crystals were grown from 0.3 M ammonium sulfate at room temperature. The crystals grown at pH 4.4 and 4.8 were buffered with 0.1 M
sodium acetate while those at pH 7.4 and 7.8 were buffered with 0.1 M Tris-HCI.

Parameter Crystal

Space group Tetragonal P4,2,2 Tetragonal P4,2,2 Orthorhombic, P2,2,2 Orthorhombic P2,2,2
Growth pH 4.4 7.8 4.8 7.4

Crystal size (mm) 0.4 x04x0.5 0.5%x07x0.5 07x03x03 1.0x03x0.3
Resolution (A) 2.0 1.9 1.9 1.9
Crystal-to-detector distance (mm) 95.5 82.4 72.2 100.82

Oscillation angle (°) 2 2 2 2

Exposure time (s frame~') 1200 1200 1200 1200

Total oscillation range (°) 200 200 200 84

Number of reflections 59504 59151 75863 9328

Ryn* (on D) (%) 4.9 6.9 4.0 6.4

Number of unique reflections 8670 10038 10188 8310

Refined cell (a,b.c) 78.71, 78.71, 38.60 78.63, 78.63, 38.62 30.51, 56.51. 73.62 30.75, 56.32, 73.94
Completeness of data (%) 99.9 99.9 96.3 78.0

I > 30() (%) 90.1 89.7 86.8 75.0

*Ryym = S~(I; — (I))/ S_(I;) where [I; is the measured intensity of an individual reflection and (/) the mean intensity of the symmetry-related

measurements of this reflection.

zyme is more soluble in the presence of sulfate ions than
chloride ions. This result agrees with the overall trend observed
with the anionic lyotropic series and lysozyme solubility (Riés-
Kautt & Ducruix, 1989; Pusey & Munson, 1991). Additionally,
previous studies on the solubility of lysozyme at varying buffer
concentrations provided the impetus to increase the protein
concentration at lower buffer concentrations (Forsythe & Puscy,
1996). It is well known that the more chaotropic the anion, the
lower the resulting CEWL solubility for a given salt
concentration (Riés-Kautt & Ducruix, 1989; Pusey &
Munson, 1991). Typically, macromolecular crystallizations use
high ammonium sulfate concentrations such as 40-60%
saturated ammonium sulfate (100% saturated solution
~4.05 M). Lysozyme crystals were produced at ammonium
sulfate concentrations up to 0.6 M, with the best results at
0.3 M. This suggests that previous attempts were not successful
because of a combination of too low a protein and too high an
ammonium sulfate concentration. This also suggests that the
success of Broide et al. (1996) is the result of a phase-
partitioning effect, with most of the protein going into one
phase and the bulk of the ammonium sulfate going into the
other. The protein-rich phase, from which their crystals grew,
would then have a more suitable ratio of ammonium sulfate to
protein. In light of the above, previous comparative studies of
CEWL solution interactions (where it was assumed that
ammonium sulfate gave only amorphous precipitates) now
need to be re-examined and if necessary the conclusions
obtained adjusted.
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