Veolume 293, number 1,2, 153-155 FEBS 10409 November 1991

© 1991 Federation of European Biochemical Societies 00145793/91/83.50

Mutation of an evolutionarily conserved tyrosine residue in the active site
of a human class Alpha glutathione transferase
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Human class Alpha glutathione transferase (GST) Al-1 has been subjected to site-directed mutagenesis of a Tyr residue conserved in all classes

of cytosolic GSTs. The change of Tyr*—Phe lowers the specific activities with three substrates to 2-8% of the values for the wild-type enzyme.

The changes in the kinetic parameters k., /Ky, V.. and S, s show that the decreased activities are partly due to a reduced affinity for glutathione.

The effect is reflected in lowered k., values. suggesting that the hydroxyl group of Tyr® is involved in the activation of glutathione. The proposal

of such a role for the Tyr residuc has support from the 3D structure of a pig lung class Pi GST [Reinemer et al. (1991) EMBO J. 10, 1997-2005].
Thus. Tyr* appears to be the first active site residue established as participating in the chemical mechanism of a GST.

Glutathione transferase; Human: Sitc-directed mutagenesis: Active-site tyrosine

I. INTRODUCTION

Comperison of primary structures of homologous
proteins is one approach that can be used to establish
amino acid residues of significance for the structure and
function of protein molecules. In the cytosolic glutathi-
one transferases characterized. about 5% of the approx-
imately 220 amino acid residues are conserved in all the
major classes of the enzymes [1]. Some of these are
arginine residues and a recent investigation based on
site-directed mutagenesis indicated that such residues
are possibly involved in binding of the cofactor glutathi-
one [2]. A tyrosine residue near the N-terminus is also
highly conserved [1]. and has been targeted for mutage-
nesis experiments, In the work described here this resi-
due (Tyr*) has been mutated into Phe in human class
Alpha glutathione transferase Al1-1*. The relevance of
this mutation became accentuated when an X-ray dif-
fraction investigation demonstrated that the corre-
sponding tyrosine residue in a pig lung class Pi enzyme
is positioned close to a glutathione analogue in the ac-
tive site [3]. The results of the present investigation
strongly suggest that Tyr® contributes to enzyme cataly-
sis. even though it is not essential for catalysis to occur.

Abbreviations: CDNB. 1-chloro-2.4-dinitrobenzene; CuOOH, cumene
hydroperoxide: GSH, glutathione
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2. MATERIALS AND METHODS
2.

1. Chemicals

Sephadex G-25 and epoxy-activated Sepharosec 6B were from Phar-
macia LKB Biotechnology, Uppsala, Sweden. S-Hexylglutathione
and S-hexylglutathione Sepharose 6B were synthesized as previously
described [4]. Substrates for enzyme activity measurements and other
chemicals were of highest quality available from commercial sources.
A°-Androstene-3,17-dione was generously provided by Dr. Paul Tala-
lay (Johns Hopkins University, Baltimore, MD, USA). Oligonuclco-
tide-directed in vitro mutagenesis kit and [“P]dCTP were from Amer-
sham International. Restriction enzymes. and other DNA-modifying
enzymes as well as plasmids were obtained from Amersham Interna-
tional (Promega Corp., Boehringer Mannheim and Pharmacia LKB
Biotechnology). Mutagenic oligonucleotides were synthesized at the
Department of Immunology. Uppsala University, Uppsala, Sweden.

2.2, Enzymes

Plasmid pTacGST2 [5] containing the cDNA for the wild-type en-
zyme Al-l was used for expression of the protein. After subcloning
of the coding sequence in M 13mp18. oligonucleotide-directed mutage-
nesis [6] was performed to create a Tyr*—Phe change in the structure
by methods previously described [2]. Wild-type and mutant enzymes
were expressed in L. coli IM103, and purified by affinity chromato-
graphy on an S-hexylglutathione-matrix [4]. Purity of the enzyme
preparations were checked by HPLC on an C4 column (cf. [7]) and
by SDS/PAGE [8].

2.3, Assays of enzyme activity

Specific activities of the purified enzymes were determined at 30°C
in three assay systems. Conjugation between GSH (1 mM) and CDNB
(I mM) was monitored spectrophotometrically at 340 nom in 0.1 M
sodium phosphate (pH 6.5) containing 1 mM EDTA (v/v)/5% EtOH
(solvent for CDNB) [9]. Peroxidasc activity was measured at 340 nm
in a system containing 1.5 mM CuOOH, | mM GSH. 0.3 units of
glutathione reductase, and 0.1 mM NADPH, 1 mM EDTA and 5%
EtOH (solvent for CuOOH) in 0.1 M sodium phosphate (pH 7.0) [10).
Isomerase activity was monitored at 248 nm in a reaction system
containing 0.1 mM GSH. 0.1 mM dithiothreito! and 0.068 mM 4'-
androstene-3,17-dione. in 0.025 M Tris/0.0125 M potassium-phos-
phate (pH 8.5), and 2% McOH (solvent for steroid) [11).

The effect of inhibitors on catalytic activity was determined in the
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Table 1
Specific activitics of human glutathione transferase Al-1 mutant Y8

Substrate Specific activity Percent of
(umol-min~'-mg™") wild-type
1-Chloro-2.4-dinitrobenzene 1.9 3
Cumene hydroperoxide 0.8 8
Androstenedione 0.2 2

assay system involving CDNB as electrophilic substrate. The inhibitor
was added to the ongoing reaction 2 min from start. /5, values were
calculated from plots of remaining activity vs. inhibitor concentration
[12).

3. RESULTS AND DISCUSSION

Oligonucleotide-directed mutagenesis of the cDNA
encoding human glutathione transferase Al-1 was per-
formed as previously described [2] using the mutamer
5-GCA TTG AAG AAG TGG AGC TT-3 in order to
change codon 8. TAC (Tyr), into TTC (Phe). The result-
ing mutant cDNA was sequenced [13] in its entirety and
it was verified that no alterations of the sequence other
than the desired mutation had occurred.

The protein corresponding to the mutated cDNA en-
coding human glutathione transferase Al-1 was ex-
pressed in Escherichia coli strain JM103. Purification of
the recombinant protein was based on affinity chroma-
tography on S-hexylglutathione [4] and was carried out
as previously described [2]. A final yield of 8 mg was
obtained from a 3 liter culture. Judging from the results
of the purification. the affinity for the S-hexyl glutathi-
one matrix was not altered noticeably by the mutation,
suggesting that the binding of the ligand was largely
unimpaired. Physical properties such as electrophoretic
mobility and apparent M, were indistinguishable from
those of the wild-type enzyme. The N-terminal amino
acid scquence was determined on an Applied Biosy-
stems 477A gas phase amino acid sequencer. Like the
wild-type recombinant enzyme Al-1 [2], the mutant
protein contained Ala at the N-terminus, which corre-
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sponds to aminc acid r.sidue no. 2 in the deduced
amino acid sequence. The only difference detected in the
segment analyzed (15 residues) was that position no. 8
contained Phe in the mutant protein rather than Tyr in
the wild-type structure. This result confirms the muta-
tion of the DNA structure at the protein level.

The specific activity of the mutant enzyme was tested
with three substrates, 1-chloro-2,4-dinitrobenzene, cu-
mene hydroperoxide and androstenedione, known to
give the highest values for the wild-type enzyme (cf.
[11]). The mutant enzyme gave low but measurable ac-
tivities ranging between 2% and 8% of the correspond-
ing vaiues of the wild-type enzyme (Table I). The en-
zyme does not obey Michaelis-Menten kinetics, but &,/
Ky, values were estimated from the slope of the ¥ vs. [5]
curve (cf. [14]). Like the specific activities, the & ./Ky
values ranged between 2% and 5% of the values for the
wild-type enzyme. V,, and S,s; were also estimated
from the rate saturation curve. Even if the data are
difficult to interpret in mechanistic terms, owing to the
complexity of the kinetics [1], it is clear that the low
specific activity was due primarily to an effect on the
turnover number: V. values were 4-9% of the wild-
type values, whereas the S, s values were similar to the
references values (Table I1). The rate limiting step(s) in
the catalytic mechanism is unknown and, in general, the
k., and V., values could be linked to different steps in
the catalytic mechanism such as formation of chemical
bonds between reactants, isomerization of enzyme-sub-
strate complexes, and dissociation of a product from the
enzyme. However, the results of the present investiga-
tion demonstrate that the apparent affinity (/5,) for the
glutathione derivatives, which are product analogues, is
not altered markedly by the Tyr*—Phe substitution,
suggesting that the mutation affects primarily chemical
steps in the catalytic mechanism rather than dissocia-
tion of product. The clear increase of the S, s value for
glutathione (Table I1) is consistent with the X-ray anal-
ysis [3] suggesting an interaction between the hydroxyl
group of Tyr® with the glutathione molecule. The small
but unambiguous effect on the binding (/5,) of glutathi-
one derivatives, detectable only by lowering the gluta-
thione concentration owing to competition, supports

Table I1
Kinetic parameters for human glutathione transferase Al--1 mutant Y8F

Varied substrate kKo (mMs) Vias (WM -min '-mg"! Sos (MM)

(% wild-type) (% wild-type) Y8F wild-type
GSH 5.8 (2) 29 (5) 0.5 0.1
CDNB 48 (5) 2.8 (4) 0.5 0.5
CuOOH 1.0 (3) 1.2 (9 0.5 0.3

The k.. /.. values were derived from measurements at low substrate concentrations where the rate-saturation curve degenerates to first-order with

aatin

respect 1o the concentration of the varied substrate (cf. [14]): glutathione (GSH) = 50 M ([CDNB] fixed at | mMJ I-chioro-2.4-dinitrobenzene
(CDNB) = 50 M ([GSH] fixed at 1 mM): cumene hydroperoxide (CuOOH) s 120 M ([GSH] fixed at I mM). ¥, and Sqs ([S] giving ' V)
vitlues were estimated from the complete rate-saturation curves. Values for the wild-type enzyme {2) are included for comparison.
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Table I11
Inhibition characteristics of human glutathione transferase Al1-1 mu-

tant Y8F
Inhibitor [glutathione) Iy (UM)

(mM)
mutant Y8F wild-type

S-Hexylglutathione 1.0 0.9 0.7
S-Hexylglutathione 0.2 0.4 0.2
S-Methyljlutathione 1.0 3000 3000
S-Methylzlutathione 0.2 1800 500
Bromosuifophthalein 1.0 6 5

1y, values were determined as the inhibitor concentration giving 50%
inhibition at constant glutathione (as indicated) and I-chloro-2,4-
dinitrobenzene (1 mM) concentrations (cf. [12])

this interpretation. The inhibition caused by bromosul-
fophthalein, which is believed to bind at a separate site
on the enzyme [15], is not affected to any measurable
extent (Table I11).

The decision to make the Tyr*—Phe mutation de-
scribed in the present study was based on the observa-
tion that Tyr® is conserved in the cytosolic glutathione
transferases. The hydropathy plots of the cytosolic glu-
tathione transferases of classes Alpha, Mu and Pi [16]
strongly indicate that the chainfold is similar for all of
the enzymes, even if the identities in amino acid residues
are limited to approximately 30% between members of
the different classes. Therefore, the interpretation of the
results of the Tyr*—>Phe mutation can now be made in
the light of information obtained from the three-dimen-
sional structure of the pig lung class Pi glutathione
transferase [3], since it appears obvious that Tyr® is
located in the active site of human glutathione trans-
ferase Al-1 in a similar manner as the conserved Tyr
in the class Pi structure. The results obtained in this
study indicate that the conserved Tyr® residue serves an
important role in the active site of all glutathione trans-
ferases. Assuming that glutathione binds to the active
site of the human class Alpha enzyme in a similar
manner as the glutathione sulfonate molecule binds in
the active site of the pig lung transferase [3], the data
presented in Tables II and III are consistent with the
interpretation that the hydroxyl group of Tyr® is in-
volved in the activation of the sulfhydryl group of the
glutathione molecule, probably by formation of a hy-
drogen bond. In this manner the enzyme may facilitate
ionization and promote the formation of the thiolate
nucleophile [17]; Tyr* could serve as a hydrogen bond
acceptor or as a base. It is not clear how this would
affect the reaction catalyzed by androstenedione (Table
I), since the role of glutathione in the reaction is proba-
bly only indirect [18]. However, it is noteworthy that
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steroid isomerase from Pseudomonas testosteroni, act-
ing on the same substrate, also has & Tyr residue parti-
cipating in the catalytic mechanism [19]. However, in
steroid isomerase the role of the Tyr residue is to serve
as an acid rather than as an acceptor of a proton or of
a hydrogen bond. The detailed understanding of the
chemical mechanism of catalysis of the glutathione
transferases requires further studies of the relationship
between structure and function. Nevertheless, the
demonstration that the hydroxyl group of Tyr® critically
affects the k. (or V,,,,,) value, establishes Tyr as the first
amino acid residue identified as involved in the cata-
lysis.
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