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Abstract

Human theta-class glutathione S-transferases (GST’s) appear to
play a crtical role in the metabolism of a variety of
environmental pollutants but in some cases the products of
the reaction are carcinogenic. Crystals of a human theta-class
GST, namely hGSTT2-2, have been grown from polyethylene
glycol by the hanging-drop vapour-diffusion method. The
crystals belong to the trigonal space group P3,21 with cell
dimensions of ¢ = # = 94.0 and ¢ = 120.5 A. They contain two
monomers in the asymmetric unit and diffract to 3.0 A
resolution.

1. Introduction

Glutathione S-transferases (GST’s, E.C. 2.5.1.18) are a super-
gene family of multifunctional enzymes that conjugate
glutathione to a wide variety of electrophilic substrates
(reviewed by Mannervik & Danielson, 1988). The conjugation
increases the solubility of the target molecule thus facilitating
the excretion of the molecule from the organism. Soluble GST’s
exist as dimers with a subunit molecular weight of about
25 kDa. They can be classified into six distinct families: alpha,
kappa, mu, pi, sigma and theta based on studies of substrate
specificity and primary structures (Mannervik et al, 1992;
Buetler & Eaton, 1992; Pemble et al., 1996). 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. There are now representative crystal
structures for five cytosolic GST classes. These include alpha-
class GST’s (Sinning et al., 1993), mu-class GST’ (Ji et al.,
1992; Raghunathan et al., 1994; Lim et al., 1994; McTigue et
al., 1995), pi-class GST’s (Reinemer et al., 1991, 1992; Dirr et
al., 1994; Garcia-Saez et al., 1994), sigma-class GST (Ji et al.,
1995) and theta-like GST’s (Wilce et al., 1995; Reinemer er al.,
1996). The overall polypeptide fold is very similar between the
crystal structures but each class exhibits unique features,
particularly about the active sjte and at the C terminus (Wilce &
Parker, 1994). 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 ycars (for
example, see Mannervik & Danielson, 1988; Wilce & Parker,
1994).

The mammalian theta-class family have been identified only
recently in humans, rats and mice (Hiratsuka et al., 1990, 1994;
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Meyer et al., 1991; Hussey & Hayes, 1992; Mainwaring er al.,
1996; Whittington et al., 1996). Theta-class GST’s can utilize
sulfate esters and dichloromethane as substrates and are
suggested to be important in the prevention of hepatocarcino-
genesis (Hiratsuka et al., 1994). They also appear to play a
critical role in the metabolism of industrial chemicals such as
halogenated alkanes and aliphatic epoxides (Hiratsuka et al.,
1994). In some cases the resultant metabolitc may become
mutagenic and carcinogenic. For example, methylene chloride
causes lung and liver cancer in mice via a glutathione
metabolite (Mainwaring et al., 1996). Because of their inability
to bind to glutathione affinity matrices and the difficulties in
their punfication, the theta-class enzymes are the least studied
of the GST enzyme superfamily. So far, two theta-class enzymes
have been identified in human tissue: hGSTT1-1 (Pemble et al.,
1994) which promotes the conjugation of dihalomethanes to
glutathione and hGSTT2-2 (Hussey & Hayes, 1992) which
displays considerable glutathione peroxidase activity and also
catalyzes the conjugation of certain arylsulfates to glutathione.
The theta-class GST’s have been proposed as the evolutionary
forerunner of the alpha, mu, pi and sigma 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).

A serine (or sometimes thrconine) residuc ncar the N-
terminus probably plays an important role in the catalytic
mechanism of all theta-class enzymes based on structure-based
sequence alignments of theta-class GST sequences (Rossjohn et
al., 1996). We have targeted the conserved serine residue in
hGSTT2-2 for mutagenesis and kinetic studies (Tan et al.,
1996). Mutating the equivalent serine (residue 11) to alanine,
threonine or tyrosine abolished the enzyme’s catalytic activity
with the substratcs cumene hydroperoxide and cthacrynic acid.
However, with 1-menapthyl sulfate as substrate, the specific
activity for the SerllAla mutant was doubled while the
Serl 1 Thr mutant retained half the wild-type activity and the
Serl1Tyr mutant had no activity. A detailed kinetic analysis
suggested upon binding to substrate, the sulfate group is
removed and the resultant carbonium ion reacts with the
activated glutathione. Thus, hGSTT2-2 displays a novel
sulfatase activity.

We are pursuing structural studies of the human theta-class
enzyme for a number of reasons. It forms part of an on-going
study to understand the molecular basis for catalysis of an
important enzyme superfamily (Reinemer et al., 1992; Wilce et
al., 1995). The work will shed light on the evolution of catalytic
function in the family and lead to an increased understanding of
the molecular basis for the remarkable range of substrates
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trivial as the sequence identity between the human and insect
enzymes was about 23% and a successful solution required the
omission of all loops and conversion of the insect sequence to
polyalanine sequence. The space group is confirmed as P3,21
and the asymmetric unit contains the physiological GST dimer.
The human theta-class sequence is currently being built into
electron-density maps based on the molecular-replacement
phases.
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