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Abstract

Crystals of a bacterial glutathione S-transferase from
Proteus mirabilis have been grown from polyethylene glycol
by the hanging-drop vapour-diffusion method. Successful
crystallization required the presence of the substrate
glutathione. The crystals belong to the tetragonal space group
P4 with cell dimensions a=b=90.9 and c=117.3 A. They
contain between three and six monomers in the asymmetric
unit and diffract to beyond 2.3 A resolution.

1. Introduction

Glutathione S-transferases (GST’s, E.C. 2.5.1.18) are a
ubiquitous family of multifunctional enzymes that conjugate
electrophilic substrates to the tripeptide glutathione (GSH)
(reviewed by Mannervik & Danielson, 1988). Their substrates
include a wide number of exogenous and endogenous
hydrophobic electrophiles. The conjugation increases the
solubility of the target molecule thus facilitating the excretion
of the molecule from the organism. Cytosolic GST’s exist
either as homo- or heterodimers with a subunit molecular
weight of about 25 kDa. They can be classified into five distinct
families: alpha, mu, pi, sigma and theta based on studies
of substrate specificity and primary structures (Mannervik et
al., 1992; Buetler & Eaton, 1992). The amino-acid sequence
identities between any two members within a class is typically
greater than 70% whereas the figure is typically less than
30% between classes. GST’s have been implicated in the
development of the resistance of cells and organisms towards
drugs, insecticides, herbicides and antibiotics and hence have
been the subject of intense research over the last few years
(for example, see Mannervik & Danielson, 1988; Wilce &
Parker, 1994).

There are now representative crystal structures for all
five cytosolic GST classes. These include alpha-class GST’s
(Sinning et al., 1993), mu-class GST’s (Ji, Zhang, Armstrong
& Gilliland, 1992; Raghunathan et al., 1994; Lim er al,
1994; McTigue, Williams & Tainer, 1995), pi-class GST’s
(Reinemer et al., 1991; Reinemer et al., 1992; Garcia-Sdez,
Pérraga, Phillips, Mantle & Coll, 1994), sigma-class GST (Ji
et al., 1995) and theta-class GST (Wilce, Board, Feil & Parker,
1995). The overall polypeptide fold is very similar between
the crystal structures but each class exhibits unique features,
particularly about the active site and at the C terminus (Wilce
& Parker, 1994).

+ Present address: c/o Larapinta, Pacific Ocean.

© 1996 International Union of Crystallography
Printed in Great Britain — all rights reserved

The presence of GST’s in bacteria has only recently
been discovered and hence little is known about their
properties. They have been detected in Escherichia, Proteus,
Pseudomonas, Klebsiella, Enterobacter and Serratia species
(Di Ilio et al., 1988; lizuka, Inoue, Murata & Kimura, 1989;
Arca, Garcia, Hardisson & Surez, 1990). The best characterized
bacterial GST is one from Proteus mirabilis which is a
homodimer of 23 kDa subunit molecular weight (Di Ilio et al.,
1988). It displays distinct kinetic and immunological properties
and exhibits activity towards a range of compounds that are
not substrates for the mammalian enzymes. It shares high
sequence identities with a number of other bacterial GST’s but
possesses less than 20% sequence identity with the mammalian
GST’s (Mignogna et al., 1993; Wilce & Parker, 1994). It has
been classified as a theta-class GST based on limited sequence
homology with its mammalian counterpart (Hiratsuka ef al.,
1990; Meyer et al., 1991; Pemble & Taylor, 1992). The theta-
class GST’s have been proposed as the evolutionary forerunner
of the alpha, mu and pi enzymes based on the apparent
distribution of the former in a diverse range of organisms
including bacteria, yeast, plants and insects (Pemble & Taylor,
1992; Buetler & Eaton, 1992). The presence of GST’s in
bacteria is thought to reflect the evolution of a number of
glutathione-dependent enzymes which evolved in response to
the toxic by-products of oxygen metabolism (Pemble & Taylor,
1992). In addition to detoxification reactions, bacterial GST’s
appear to have been recruited for other roles including the
degradation of lignin (Masai et al., 1993) and dichloromethane
utilization (La Roche & Leisinger, 1990).

Mutagenesis studies have shown that a conserved tyrosine
near the N-terminus is responsible for activation of glutathione
by promoting thiolate formation (Wilce & Parker, 1994, and
references therein). This residue is in close proximity to the S
atom of glutathione in all the crystal structures of mammalian
GST’s (Reinemer et al., 1991; Reinemer et al., 1992; Ji et
al., 1992; Sinning et al., 1993; Raghunathan er al., 1994;
Garcia-Sdez et al., 1994). Surprisingly, the equivalent residue
in the theta-class insect enzyme was found not to be in the
active site but its role appears to have been replaced by
a serine residue (Wilce, Board, Feil & Parker, 1995). Such
a role for the serine residue has now been confirmed by
mutagenesis (Board, Coggan, Wilce & Parker, 1996). Recently,
the conserved tyrosinc near the N-terminus in the E. coli GST
was shown by mutagenesis not to be essential for catalysis
(Nishida, Kong, Inoue & Takahashi, 1994).

We are pursuing structural studies of the bacterial enzyme
for a number of reasons. Although the sequence identities
between the GST’s from bacteria and from other organisms
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