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Abstract

Diffraction-quality crystals of §. cerevisiae cytoplasmic aspar-
tate aminotransferase have been obtained by the hanging-drop
vapor-diffusion method in the presence of pyridoxal phosphate
and maleic acid, sodium acetate, ammonium acetate and
polyethylene glycol. The crystals have the symmetry of the
orthorhombic space groups P2,2,2, or P2,2,2° with unit-cell
dimensions a = 130.2, b = 134.6 and ¢ = 98.7 A. Square rod-
shaped crystals with dimensions of approximately 0.2 x 0.2 x
0.5 mm diffract to spacings of 2 A. The calculated value of the
Matthews coefficient, V,, = 2.4 A3 Da !, is consistent with four
subunits of aspartate aminotransferase per asymmetric unit.

1. Introduction

Pyrodoxal phosphate (PLP) serves as a cofactor in many
enzymatic reactions that involve amino-acid transamination,
racemization, decarboxylation or isomerization. In order to
elucidate the role of the PLP cofactor in these reactions, crystal
structures have been determined for several PLP-dependent
enzymes. Aspartate aminotransferase (L-Asp-AT) catalyzes
the reversible reaction

L-aspartate + 2-oxoglutarate «— oxaloacetate + L-glutamate.

A detailed understanding of the complex reaction
mechanism, catalytic residues, and role of the PLP cofactor in
this enzyme has been greatly aided by comparison of the
structure and function of aspartate aminotransferases from
several organisms. Crystal structures are available for L-Asp-
AT from E. coli (Smith er al., 1989; Okamoto et al., 1994; Jager
et al., 1994), chicken cytoplasm and mitochondria (Ford et al.,
1980: McPhalen et al., 1992: Borisov et al., 1985; Harutyunyan et
al., 1985; Malashkevich et al., 1995) and pig cytoplasm (Arnone
et al., 1985). These proteins share a similar three-dimensional
fold although they share only about 40% amino-acid sequence
identity (except for the two cytosolic isozymes, which share
83% sequence identity). A comparison of these structures to
the r-Asp-AT structure from a unicellular eukaryote would
provide more details about the catalytic mechanism and
evolution of this family of proteins. In addition, this compar-
ison would add to our understanding of how different
sequences can fold into similar structures. The cytosolic
isozyme from the yeast Saccharomyces cerevisiae shares less
than 50% amino-acid identity with any of the aspartate
aminotransferases for which structures are available (Cronin er

7 Current address: Department of Life Sciences, University of East
London, Romford Road, Stratford, London E15 4LZ, England.

(€ 1998 International Union of Crystallography
Printed in Great Britain - all rights reserved

al., 1991). We have undertaken to obtain a high-resolution
structure of the S. cerevisiae cytoplasmic aspartate amino-
transferase in the presence of maleic acid. Maleic acid is a
competitive inhibitor of the enzyme that mimics the structure
of the substrate. and thereby provides information about the
binding and interactions of the substrate with the protein. In
addition, this inhibitor induces the conformational change that
the enzyme is known to undergo upon binding substrate. We
report here the crystallization and preliminary X-ray char-
acterization of S. cerivisiae cytoplasmic aspartate amino-
transferase.

2. Methods

S. cerivisiae cytoplasmic aspartate aminotransferase was
prepared from wild-type yeast cells as described previously
(Cronin et al., 1991) and appeared as a single band on a
Coomassie-stained sodium dodecyl sulfate (SDS) poly-
acrylamide gel. The protein was dialyzed against buffer
containing 10 pM PLP. After concentration, maleic acid was
added so that the final protein solution contained 5-
15mgml™" aspartate aminotransferase, 10mM sodium
acetate, pH 5.8, 10 uM PLP, and 100 pM maleate. The final
protein concentration was determined by the method of
Bradford (1976).

Sparse-matrix crystal screening was carried out based on the
method of Jancarik & Kim (1991). Several conditions
employing PEG or MPD as the precipitant vielded vellow
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Fig. 1. Crystal of S. cerevisiae cytoplasmic aspartate aminotransferase.
The approximate dimensions of this crystal are 0.2 x 0.2 x (.5 mm.
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crystals that were very small rods or thin plates. Crystal size
and morphology were improved by modifying the protein
concentration, the concentration and molecular weight of
PEG, macroseeding, microseeding, varying the ratio of protein
solution to reservoir solution, and by using different buffers
and acetate salts. The best crystals were obtained at room
temperature by the hanging-drop method of vapour diffusion
in 24-well Linbro dishes with siliconized cover slips. Hanging
drops contained 2 pl of protein solution and 4 pl of well
solution and were allowed to equilibrate against 1 ml of well
solution. Crystals appeared 1-5 d after setting up the drops,
but the best single crystals were obtained by microseeding
drops in which no crystals appeared after the first 2 d. The final
crystallization drops contained 5-15mgml ' aspartate
aminotransferase, 10 pM PMSF, 10 uM PLP, 10 mM sodium
acetate buffer, pH 5.8, and 100 uM sodium maleate in the
protein solution and 0.2 M ammonium acetate, 0.1 M acetate
buffer, pH 4.6, and 22-20% PEG 4000 in the reservoir solu-
tion. Some crystals grew to 0.2 x 0.2 x 0.7 mm in size.

Single crystals were mounted in thin-walled quartz capillary
tubes and X-ray diffraction data were collected at 277 K with a
0.3 mm collimator on an R-Axis IIC imaging-plate system,
using Cu Ko radiation (A = 1.54 A) from a Rigaku RU200-HB
rotating-anode generator operating at 50 kV and 145 mA. The
crystal-to-detector distance was 100 mm. Crystals were kept at
a temperature of 277 K with a stream of chilled air.

Still photos were used in indexing to determine unit-cell
parameters. A native data set was obtained with an oscillation
range of 1° for a total of 47° with a 30 min exposure per frame.
The data frames were integrated, scaled, and merged with
standard R-Axis software (Wonacott, 1980; Higashi, 1990).

A self-rotation function was calculated using the program
GLRF (Tong & Rossman, 1990, 1997). Patterson map A was
calculated with 11 917 reflections between 10.0 and 4.0 A
resolution. The large-term cutoff was 1.5, so that 2603
reflections were used in the calculation of Patterson map B.
The radius of integration was 20 A.

Fig. 2. A pseudoprecession plot of the 4k0 zone calculated using the
program HKLVIEW from the CCP4 suite (Collaborative Computa-
tional Project, Number 4, 1994). The outer circle of the pattern
shows 2.0 A resolution.
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3. Results and discussion

Single crystals of approximately 0.2 x 0.2 x 0.5 mm diffracted
to 2.0 A spacings. The best diffracting crystals had a square rod
morphology and bright yellow color like that shown in Fig. 1.
The crystals were moderately sensitive to X-ray decay but last
over 48 h in the X-ray beam at 277 K. Indexing of three frames
gave unit-cell parameters of a = 130.2, b =134.6 and ¢ = 98.7 A.
The symmetry of the diffraction pattern in the still photos was
consistent with a primitive orthorhombic space group.

A complete native data set was obtained by measuring
intensities for 470 081 reflections, with an Ry, of 12% on
intensities. The final merged data set contained 101 176
reflections with I/o(I) > 0, corresponding to 93% complete-
ness in the resolution range of 15-2.0 A (85% in the resolution
range from 2.3-2.0 A). A graphical representation of the 4k0
zone of the data is shown in Fig. 2.

The final merged data set was used to determine the actual
space group to which the data belong. Systematic absences in
the diffraction pattern are consistent with a space group of
P2,2,2 or P2,2,2,. The calculated molecular weight of the
protein is 45.3 kDa per subunit; assuming four monomers per
asymmetric unit yields a Matthews coefficient of 2.4 A’Da !
(Matthews, 1968) with a solvent content of 49%. Analysis of a
self-rotation function of the data (Fig. 3) indicates that there
are multiple twofold axes of symmetry, but that there is not a
fourfold axis of symmetry. This is consistent with there being
two dimers in the asymmetric unit. We are currently using the
molecular-replacement method to solve the structure.

This work was supported by a Cystic Fibrosis Foundation
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Fig. 3. A plot of the self-rotation function calculated using the program
GLRF (Tong & Rossman, 1990, 1997).
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