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ABSTRACT

2,3, 5, 6-Tetrachloro-1, 4-benzoquinone (TCBQ) is a metabolite of pentachlorophenol known
to react with cysteines of glutathione transferases (GSTs). TCBQ treatment of rat kidney
rGSTA1-2 and rGSTA1-1 abolishes 70-80% conjugation of glutathione (GSH) to 1-chloro-2, 4-
dinitrobenzene and results in strongly correlated quenching of intrinsic fluorescence of Trp-
20 (R > 0.96). rGSTA2-2 is only inhibited by 25%. Approximately 70% (rtGSTA1-1) and 60%
(rGSTA1-2) conjugation activity is abolished at TCBQ: GST stoichiometries near 1:1. The
inactivation follows a Kitz/Wilson model with Kp of 4.77 + 2.5 uM for TCBQ and ks for
inactivation of 0.036 + 0.01 min . A single tryptic peptide labelled with TCBQ was isolated
from kidney rGSTA1-2 containing Cys-17 which we identify as the site of modification.
Treatment with more than stoichiometric amounts of TCBQ modified other residues but
resulted in only modest further inhibition of catalysis. We interpret these findings in terms
of localised steric effects on the relatively rigid a-helix 1 adjacent to the catalytic site of
subunit 1 possibly affecting the Alpha class-specific a-helix 9 which acts as a “lid” on the
hydrophobic part of the active site. Homology modelling of rGSTA1-1 modified at Cys-17 of
one subunit revealed only modest structural perturbations in the second subunit and tends
to exclude global structural effects.
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MALDI-TOF, matrix-assisted
laser desorption ionisation mass
spectrometry with time-of-flight
detection

NEM, N-ethyl maleimide

TCBQ, 2,3,5,6-tetrachloro-1,
4-benzoquinone

1. Introduction

Glutathione transferases (GSTs; E.C. 2.5.1.18) comprise a
complex enzyme superfamily playing a key role in Phase 2
detoxification of xenobiotics by catalysing conjugation to
reduced glutathione (GSH) (for reviews, see Refs. [1,2]).
Although mainly dimeric and cytosolic, a membrane-bound
microsomal class also exists [3]. In addition, GSTs catalyse a
variety of non-detoxification
(reviewed in Ref. [1]) and possess extensive binding properties
with non-substrate ligands at sites distinct from their active
site [4]. Cytosolic GSTs have been classified into at least eight
classes including Alpha, Mu, Pi [5], Theta [6], Sigma [7], Kappa
[8], Beta [9] and Omega. [10].

In mammalian liver, both Mu and Alpha class GSTs are
abundant but kidney is dominated by Alpha class enzymes
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[11,12]. The principal rat Alpha class subunits are denoted as
1-5, with subunit 5 forming a sub-class specialised for
peroxidation reactions [2,13,14]. Subunits 1 and 2 combine
to form rGSTA1-1, rGSTA2-2 and rGSTA1-2 [2]. The latter
heterodimer is the most abundant GST in rat liver and kidney
cytosolic extracts and is the principal component of what
used to be called “ligandin”, a GST preparation responsible for
extensive ligand binding in liver cytosol [2]. Crystal structures
are available for human orthologues hGSTA1-1 (Fig. 1) [15,16]
and hGSTA4-4 [14] but no structure has yet been reported
for GSTA2-2 or GSTA1-2 from any mammalian source.
Given the 68% sequence similarity between rat subunits 1
and 2 and the fact that all GSTs studied to date follow
remarkably similar folds [1], it is to be expected that the three-
dimensional structure of these enzymes will resemble that
of hGSTA1-1. In addition to their catalytic properties, Alpha
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Fig. 1 - Structures of hGSTA1-1 and TCBQ. (A) Three-dimensional structure of hGSTA1-1 [15]. Subunits are presented as
wireframe in green and blue, respectively. The active site is define by the ligand, S-bromobenzyl-GSH, presented as purple
spacefill. a-Helix 1 is highlighted and the location of serine-18 (equivalent to cysteine-17 in rat subunit 1) is shown as red
spacefill. Phenylalanine-222 which is part of the C-terminal a-helix 9 is presented as ball-and-stick. (B) A detail of structure
of one subunit showing relative locations of tyrosine-9, S-benzyl-GSH and «-helix 1 with associated serine-18 and
tryptophan-21. (C) Cysteine residue covalently labelled with TCBQ (for interpretation of the references to colour in this
figure legend, the reader is referred to the web version of the article).
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class GSTs play a key role in binding non-substrate ligands
such as steroid sulphates at a single non-substrate ligand-
binding site [4,17].

In all GSTs so far investigated an N-terminal loop linking
the first B-sheet to the first a-helix is conserved (Fig. 1). In
subunit 1 this loop and a-helix 1 are especially important in
defining the part of the active site recognising the hydrophobic
substrate [15,16]. By contrast, in hGSTA4-4 part of this recog-
nition is contributed by an Alpha-class-specific C-terminal
helix which is ill-defined in the apo-form of hGSTA1-1 though
clearly visible in that of hGSTA4-4 and which is thought to act
as a “lid” for the active site [14,16]. Mobility of this helix
influences rate-determining steps in catalysis especially
product release [18,19]. Crystallographic B factors suggest
that a-helix 1 is the least flexible part of subunits 1 and 4
[14,15,19].

Site-directed mutagenesis and chemical modification have
previously been used to probe the roles of cysteines in GSTs
[20-22] (reviewed in Ref. [23]). Modification of Alpha class GST
2-2by N-ethyl maleimide (NEM) resulted in partial inactivation
but did not affect GST 1-2. 2,3,5,6-Tetrachloro-1, 4-benzoqui-
none (TCBQ), a metabolite of pentachlorophenol [24] and its
GSH conjugate GS-1,4-TCBQ, were found to bind irreversibly at
cysteines of human and rat GSTs Al-1 and A1l-2 causing
inhibition of catalytic activity but having little effect on GST
A2-2[23,25,26]. The GSH moiety contributes a targeting effect
but does not affect the covalent labelling by the quinone
moiety [25,26]. While a precise binding-site was not identified,
cysteines have been suggested to be in or near the active site
[27] and S-hexyl-GSH, a potent GST inhibitor, protects against
GS-1, 4-TCBQ inhibition [26]. In later work, both Cys-17 and
Cys-111 of rGSTA1-1 were modified by monobromobimane, an
affinity label for the active site [22], while Cys-17 alone was
modified by17-p-iodoacetoxy-estradiol-3-sulfate [17]. Both of
these modifications produced strong inhibition of conjugation
activity at the active site.

We have previously investigated non-covalent binding of
a ligand, 2-hydroxy-5-nitrobenzyl alcohol (HNB), in the
vicinity of the only tryptophan in subunit 1, Trp-20, and
demonstrated that, while this binding strongly quenched
intrinsic fluorescence at this residue, it did not inhibit
catalytic activity unlike bulkier ligands which both quench
fluorescence and inhibit [28]. In the present paper we
identify Cys-17 in a-helix 1 of subunit 1 as the site of
labelling for TCBQ. This modification is sufficient to inhibit
catalytic activity by 70-80% in subunit 1 and causes closely-
correlated quenching of intrinsic fluorescence although the
residue is outside the active site. TCBQ is thus an additional
chemical probe for a-helix 1 which offers potential for
greater insight into structure—function relationships in this
important GST heterodimer.

2. Materials and methods
2.1. Materials
TCBQ, 1-chloro-2, 4-dinitrobenzene (CDNB) and dinitrophenyl

GSH (DNPG) were purchased from Aldrich. Trypsin (TPCK-
treated), GSH and S-hexyl GSH were from Sigma. Chemicals

for electrophoresis, and other analyses were of analytical
grade. Adult male Wistar rats were obtained from the
Biological Services Unit, University College Cork, Ireland.
Chromatography resins were purchased from Whatman.

2.2.  Enzyme purification

rGSTA1-1, rGSTA1-2 and rGSTA2-2 were purified from rat
kidney by homogenisation in ice-cold 10 mM Tris/HCI, pH 8.0,
containing 250 mM sucrose. After centrifugation (100,000 x g,
60 min), extract was dialysed against 500 ml 10 mM Tris/HCI,
pH 8.0 (buffer A; 2 changes). This was applied to a DEAE-
cellulose column (7 cm x 7 cm) equilibrated in buffer A. Pass-
through was collected and applied to GSH-agarose
(7 cm x 1.5 cm) equilibrated in buffer A containing 200 mM
NaCl. Bound GSTs were eluted with 20 mM GSH in 50 mM Tris/
HCl, pH 9.6, and dialysed against 10 mM sodium phosphate,
pH 6.7 (buffer B; 2 changes). GSTs were applied to CM-cellulose
(21 cm x 2.5 cm) equilibrated in buffer B which was developed
with a 0-80 mM KClI gradient in buffer B. Purity of GSTs was
assessed by SDS polyacrylamide gel electrophoresis (SDS
PAGE) in 15% polyacrylamide gels [29].

2.3. Enzyme and protein assays

Conjugation activity with CDNB was assayed as previously
described [30]. Protein was followed through chromatography
steps by monitoring A,g,. Protein concentrations were
determined by the method of Bradford [31].

2.4. Modification with TCBQ

Purified GSTs were treated with TCBQ as previously described
for Mu class enzymes [25,26]. Stock TCBQ solutions (50 pM)
were prepared in ethanol and reactions performed in 100 mM
potassium phosphate, pH 6.5 (25°C). For time-dependent
modification each isoenzyme (0.34 pM rGST A2-2; 1.3 pM rGST
A1-2; 3 uM rGST A1l-1) was incubated in a 2-fold molar excess
of TCBQ. At time-intervals samples were withdrawn and
immediately assayed in duplicate for CDNB conjugation
activity. Extent of reaction was quantified by spectroscopically
estimating the concentration of enzyme-TCBQ complex
10 min after addition of TCBQ to the enzyme. 0-0.21 pM TCBQ
was added to 3pM GST 1-1 and 1.3 pM GST 1-2 and the
concentration of enzyme-TCBQ complex was determined at
Amax Of 245 and 340 nm (residual unreacted TCBQ has a Amax at
291 nm). Extinction coefficients used in these calculations
were obtained from spectra collected on enzyme reacted at
sub-stoichiometric TCBQ concentrations from which
unreacted TCBQ had been removed by filtration in centrifugal
concentrators: GST 1-1-TCBQ complex; 24,400 M~ 'cm™?
(245 nM) and 11,900 M ' cm™? (291 nm); GST 1-2-TCBQ com-
plex; 25,860 M~* cm ™" (245 nM) and 12,750 M~ ' cm ™" (291 nm).

2.5.  Analysis of inactivation

Aliquots of enzyme (1.3 pM) were inactivated at a final TCBQ
concentration of 1-8 uM. Samples were periodically removed
and assayed for CDNB activity in duplicate. Rates of inactiva-
tion (kops) Were determined from plots of log (% activity
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remaining) versus time (min). Data were analysed by weighted
non-linear regression of plots of kyps versus [TCBQ] [32].

K;
E+TCBQ S E : TCBQ—%E — TCBQ

Where E represents free enzyme, E:TCBQ is a reversible
complex with TCBQ and E — TCBQ is covalently labelled
enzyme. ks is the apparent maximum achievable rate of
inactivation (min~') and Kp is the apparent dissociation
constant of the E:TCBQ complex. The steady state rate
equation for this model is:

b _ ks x [TCBQ]
o> = Kp + [TCBQ

Inactivation studies in the presence of inhibitors S-hexyl-
GSH and dinitrophenyl-GSH (DNP-GSH) were performed as
above but with pre-incubation of enzyme with 100 pM
inhibitor (10 min).

2.6. Fluorescence measurements

Tryptophan fluorescence was determined (SLM Aminco Bow-
man 8000C spectrofluorimeter) by exciting at 300 nm and
measuring emission in the range 300-540 nm. Protein (3 pM)
was placed in a 1ml quartz cuvette in 10 mM sodium
phosphate, pH 7.0, and 0-8 puM TCBQ was added in stepwise
additions at 25 °C. Spectra were recorded on each sample until
no further change was observed (usually within 2 min).
Measurements made at an emission wavelength of 334 nm
were used to follow quenching of intrinsic fluorescence due
to tryptophan-20.

2.7.  Isolation and analysis of TCBQ-labelled peptide

Kidney rGSTA1-2 (100 ng) treated with a stoichiometric
amount of TCBQ for 20 min was concentrated to approx
10 ul in a centrifugal concentrator, diluted to 500 pl and
reconcentrated twice to remove unreacted TCBQ. The
enzyme was then digested with 1 ng TPCK-treated trypsin
(25 °C overnight). Peptides were applied to a Sep-Pak™
(reversed phase C-18) cartridge pre-equilibrated by washing
successively in 100% acetonitrile, 0.1% trifluoroacetic acid
(TFA) and aqueous 0.1% TFA. Peptides were eluted by washing
successively with increasing 2% acetonitrile aliquots in 0.1%
TFA. Samples of each fraction were analysed for A0 and Asao
(Amax of Cys-TCBQ complex) [25]. A single fraction giving a
high As4 was diluted 1:1 with aqueous 0.1% TFA and re-
applied to a second Sep-Pak™ cartridge. Peptides were re-
eluted with 1% increasing acetonitrile concentration steps.
Purity of peptides was determined by reversed phase C-18
HPLC. TCBQ-labelled peptide was analysed by matrix-
assisted laser desorption ionisation mass spectrometry with
time-of-flight detection (MALDI-TOF MS) at the Proteome
Facility, University of Aberdeen, Scotland UK.

2.8.  Protein graphics

Representations of hGSTA1-1 were generated with the
programme RasTop version 2.0.3. [33] using the PDB file
(1GUH) for hGSTA1-1 [15]. Serine-18 of hGSTA1-1 corresponds
to rGSTA1-1 cysteine-17. A model of rGSTA1-1 was created

with the homology modelling facility of Insight II run on a
Silicon Graphics machine [17]. The PDB file (1GUH) was
downloaded from the Protein Database and the co-crystallised
ligand S-benzyl GSH was removed. Individual residues were
changed to create the sequence of rat subunit 1. TCBQ was
attached covalently at cysteine-17 and several iterations of
energy minimisation were gone through to generate a model
for a TCBQ-labelled rGSTA1-1.

3. Results
3.1.  TCBQ labelling Inhibits GST activity

TCBQ modification (Fig. 2) causes rapid inhibition of conjuga-
tion activity which is more pronounced in rGSTA1-1 and
rGSTA1-2 than rGSTA2-2. Inactivation kinetics of rGSTA1-2
obey a Kitz and Wilson model [34] (inset to Fig. 2) with
k3=0.036 £ 0.01min~! and Kp=4.77 + 2.5 uM. These data
suggest high affinity for TCBQ and rapid inactivation.
Cysteines are the major targets for TCBQ in GSTs and the
number of cysteines modified in rGSTA1-1 and rGSTA1-2 may
be estimated spectrophotometrically [25,27]. Modification of a
single cysteine accounted for most inhibition of catalytic
activity for rGSTA1-1 and rGSTA1-2 (60% and 80%, respec-
tively) while modification of a further two cysteines resulted in
abolition of >85% activity (Fig. 3). At identical GST dimer
concentrations, rGSTA1-2 appeared to be more sensitive to
TCBQ modification than rGSTA1-1 (Figs. 2 and 3). However,
when assayed at uniform TCBQ: subunit 1 ratios, similar levels
of inhibition were found after a 3-min incubation (40% and
37%, respectively for rGSTA1l-1 and rGSTA1-2). At near-
maximum inhibition of rGSTA1-1 catalysis (~80%), approxi-
mately seven TCBQ molecules bound per GST dimer (Fig. 3). At
80% inhibition of rGSTA1-2, approximately 3 TCBQ molecules
bound per dimer. These data suggest that subunit 1is targeted
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Fig. 2 - Time course for inactivation of Alpha class GSTs by
TCBQ. Aliquots of purified GSTs were treated with TCBQ as
described in Section 2 and conjugation activity with CONB
measured for 15-20 min. Inset, Non-linear regression
analysis of inactivation of rGSTA1-2.
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Fig. 3 - Labelling of cysteines with TCBQ. Number of
cysteines labelled (open circles) was determined
spectrophotometrically as described in Section 2.
Residual catalytic activity with CDNB is shown

as filled circles. (A) rtGSTA1-1. (B) rGSTA1-2.

by TCBQ in both rGSTA1-1 and rGSTA1-2. Despite 68%
sequence identity with subunit 2, subunit 1 reacts preferen-
tially with TCBQ leading to strong inhibition of catalytic
activity due to modification of a single cysteine.

3.2.  TCBQ labelling quenches intrinsic fluorescence
associated with tryptophan-20 which is highly correlated with
inhibition of catalysis

Tryptophan-20is the strongestintrinsic fluor in subunit 1 and
ligand binding frequently quenches this fluorescence. TCBQ
modification of rGSTA1l-1 and rGSTA1l-2 caused strong
quenching of tryptophan-20 fluorescence (Fig. 4). The strong
correlation between fluorescence quenching and inhibition
of catalytic activity (R > 0.96 for both isoenzymes; inset to
Fig. 4) suggests that structural perturbations resulting from
TCBQ labelling underlie both processes. a-Helix-1 is the least
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Fig. 4 - Fluorescence spectra of rGST A1-2 treated with
TCBQ. Excitation wavelength was 300 nm and emission
was measured in the range 300-540 nm. Spectra are
shown for untreated enzyme (0) and enzyme treated with
1-8 mM TCBQ. Inset: correlation between fluorescence
quenching and inhibition of catalytic activity for rtGST A1-1
(filled squares) and rGSTA1-2 (open circle).

flexible part of subunit 1 which may explain why ligands
binding at this helix can “transmit” effects so readily into the
active site [15,18,19,28].

3.3.  TCBQ modifies at a site adjacent to but outside the
catalytic site

Notwithstanding strong effects on both catalytic activity and
intrinsic fluorescence associated with TCBQ modification, the
product analogue DNPG and inhibitor S-hexyl-GSH only
partially protected against TCBQ modification (Fig. 5) while
GSH alone resulted in even more modest protection (not
shown). The site of TCBQ binding is not therefore within the
active site but is adjacent to it. The GSH-TCBQ conjugate
strongly protects Alpha class GSTs from inactivation which
underlines the “targeting” effect of the GSH moiety of this
compound [25].
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Fig. 5 - Protection of rGSTA1-2 against inactivation by
TCBQ. Enzyme (1.3 pM) was pre-incubated with 100 pM
DNPG (filled triangles) or S-hexyl-GSH (filled boxes) and
modified with TCBQ as described in Section 2. Results are
expressed relative to untreated enzyme (open circles).

3.4.  TCBQ labels cysteine-17 specifically

A single peptide was identified in tryptic digests of TCBQ-
labelled kidney rGSTA1-2 by a strong Asso/Az10. The peptide
was isolated by preparative reverse phase chromatography
(Fig. 6). This preparation gave a single peak on C-18 reverse
phase HPLC (not shown) and MALDI-TOF analysis yielded
major m/z peak values of 876.39 and 892.36, respectively, with
two smaller peaks of m/z 860.43 and 908.32. A peptide
comprising residues 15-19 (NH,-Met-Glu-Cys-Ile-Arg-COOH)
when labelled with TCBQ would have a predicted m/z of
859.26 which is in reasonable agreement with the experi-

Absorbance

Fraction Number

Fig. 6 - Preparative reversed phase C-18 chromatography
of tryptic digest of rGSTA1-2. A single peptide showing
strong absorbance at both 210 and 340 nM is shown
(arrow). This was collected and analysed by mass
spectrometry.

Fig. 7 - Homology model of rGST A1-1. Models for
enzyme complexed with (red and yellow) and without
(cyan and pink) TCBQ are shown. The TCBQ moiety is
shown as a ball-and-stick structure attached to
cysteine-17 of the left-hand subunit. Note the small
extent of structural perturbation introduced by TCBQ
modification (for interpretation of the references to
colour in this figure legend, the reader is referred

to the web version of the article).

mental value of 860.43 under the measurement conditions
used. Peak values of approx. +16 (m/z 876.39) and +32 (m/z
892.36) are consistent with a peptide containing methionine-
sulphoxide and methionine-sulphone, respectively. No
special precautions were taken to protect the peptide from
oxidation during isolation and residues 15-19 include
methionine-15. The three main MS peaks comprise a
fingerprint for a TCBQ-labelled tryptic peptide corresponding
to residues 15-19 plus two oxidation products. We attribute
minor peaks of 854.43 and 908.32 to trace contaminants of the
peptide. From this we conclude that cysteine-17 is the site at
which TCBQ preferentially reacts.

3.5. Homology modelling suggests TCBQ exerts localised

effects

Binding stoichiometries near 1 for rGSTA1-1 suggest the
possibility that TCBQ labelling of one subunit may preclude
labelling at the corresponding site of the other subunit. In
order to address this we created a homology model for
rGSTA1-1 and then included a TCBQ label at cysteine-17 of one
subunit (Fig. 7). Only very modest structural effects on the
unlabelled subunit were visible in this model. Interestingly,
such effects as were visible were concentrated on the C-
terminal a-Helix-9 which forms a “lid” for the active site of the
other subunit [18,19]. This may explain inhibition of catalysis
on the unlabelled subunit but it remains unclear why only one
cysteine-17 is labelled per dimer. This model suggests that
TCBQ modification exerts localised rather than global struc-
tural effects on GSTs which implies that it may be an
especially useful probe for investigating structure-function
relationships between the processes of catalysis and non-
substrate ligand binding.
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4, Discussion

Alpha class enzymes are the most abundant GSTs in
mammalian liver and have relatively low kea/Kn, ratios. This,
coupled with their extensive binding properties, suggests that
ligand binding may be a more important in vivo role for these
proteins than catalysis. Understanding structure-function
linkages between ligand binding and catalysis is therefore
especially important in this family of detoxification enzymes.
Quenching of intrinsic fluorescence due to tryptophan-20 is
widely used as a probe for ligand binding and the crystal
structure of hGSTA1-1 explains this in terms of the proximity
of a-helix 1 to the active site as defined by the co-crystallised
ligand S-benzyl GSH (Fig. 1; [15]).

Either alone, or in the form of its GSH conjugate TCBQ has
been demonstrated to inactivate rat Alpha and Mu class GSTs
irreversibly by binding at a single cysteine on each subunit
under conditions of 5-fold molar excess of TCBQ to subunit
[25]. The observed stoichiometry of labelling was 1:1 for
TCBQ:GST subunit [26]. However these investigations did not
identify a specific site of attachment of TCBQ and preceded the
availability of crystal structures which limited interpretation
of structure-function effects. In the present study, we have
carried out generally similar experiments but at a significantly
lower TCBQ molar excess. We observed that it was possible to
abolish 80% (rGSTA1-2) and 70% (rGSTA1-1) of conjugation
activity by treatment of enzyme in as little as 2-fold molar
excess of TCBQ to GST subunit in a 5-min time-frame which
compares to corresponding values of 89% and 93% reported
previously [25]. At this lower stoichiometry, a single cysteine
was found to be labelled in each dimer rather than one per
subunit [25,26]. This suggests that our conditions represent an
earlier stage of saturation of these proteins with TCBQ.
Quenching of intrinsic fluorescence due to tryptophan-20
correlates strongly with inhibition of catalytic activity
(R > 0.96) suggesting that the site of labelling is on or very
near a-helix-1 (Fig. 1). It is known that ligand binding at this
helix causes quenching of fluorescence and that the helix is
especially rigid and thus may transmit structural changes into
the nearby active site. We previously showed that a small
ligand, HNB, was capable of quenching fluorescence without
causing inhibition of catalytic activity while larger ligands
caused both quenching and inhibition [28]. The site of TCBQ
labelling seems to be outside the active site as both DNPG and
S-hexyl-GSH confer only partial protection against inactiva-
tion. Previous observations showed that inactivation caused
by the GSH-TCBQ conjugate is strongly inhibited by S-hexyl-
GSH [25]. It is possible that this may reflect differences in the
hydrophobic part of the active-site or differences between
TCBQ and its GSH conjugate. It is known that the latter
molecule is a more potent inhibitor than unconjugated TCBQ
[25]. The lack of DNPG protection suggests that the site of
modification is outside the active site proper and therefore
labelling with TCBQ causes inhibition by a structural pertur-
bation transmitted into the active site.

Analysis of an isolated TCBQ-labelled peptide from part of
a-helix-1 identified cysteine-17 as the labelled residue.
Modification at this residue explains strong quenching of
tryptophan-20 intrinsic fluorescence by TCBQ modification
since it is very near cysteine-17. Moreover, binding of a bulky

substituent to this most rigid helix in subunit 1 would be
expected to cause an effect on the nearby active site: the loop
linking this helix to -1 contains active site residues. The >50%
inhibition observed in both rGSTA1-1 and rGSTA1-2 under
conditions where a single residue is modified suggests that
covalent modification at cysteine-17 of one subunit may cause
structural perturbation on the other subunit. Modification of
methionine-208 of one subunit of Alpha class GST by the
photoaffinity label glutathionyl S-(4-(succinimidyl)benzophe-
none) abolished enzyme activity of both subunits [35]. It has
also been shown that covalent labelling at cysteine-17 of one
subunit of rtGSTA1-1by 17 B-iodoacetoxy-estradiol-3-sulphate
precluded labelling by this compound at cysteine-17 of the
second subunit [17]. Construction of a homology model of
modified GST showed that the estradiol sulphate affinity label
sterically occluded access to the corresponding site on the
second subunit [17]. In the present work, a similar homology
model for TCBQ-labelled rGSTA1-1 was constructed. This
revealed only modest structural changes as a result of TCBQ
labelling such as slight alterations in a C-terminal portion of
the unlabelled subunit containing «-helix 9. This helix is a
class-specific structural feature acting as a “lid” for the
catalytic site which plays an active part in catalysis [18,19] We
cannot exclude the possibility that labelling of cysteine-17 of
one subunit may affect an amino acid at the subunit interface,
which in turn subtly influences the structure and activity of
the second subunit. Arginine-69 is a critical subunit interface
participant [36] and TCBQ is only about 3.5 A from this residue
in the same subunit. This structural perturbation, though
modest, may be large enough to affect the unlabelled subunit
thus causing inhibition at the second active site. In any event,
the model suggests that effects of TCBQ on GST structure are
most likely to be local rather than global. Thus, TCBQ provides
a potential chemical probe for a region adjacent both to the
active site and to tryptophan-20, a key reporter molecule for
non-substrate ligand binding.
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