Volume 202, number 2

FEBS 3811

July 1986

Reinvestigation of the roles of the carboxyl groups of
glutathione with yeast glyoxalase I

Implications as to the mechanism and coenzymic role of glutathione

Claudius D’Silva

Department of Biological Chemistry, The University of Michigan, Ann Arbor, MI 48109, USA

Received 3 March 1986

A number of carboxyl-substituted S-blocked glutathiones have been shown to be competitive inhibitors of

yeast glyoxalase I at 25°C, pH 6.6. Amidation of the glycyl carboxyl group of S-(p-bromobenzyl)glutathione

has no appreciable effect on binding whilst methylation reduces binding by 8.9-fold, indicating a steric con-

straint and the possible presence of a hydrogen bond in this region of the enzyme. Amidation of both carb-

oxyl groups of S-(p-bromobenzyl)glutathione reduces binding significantly by 237-fold; this result agrees

with electrostatic interaction of the Glu COO~ group with a group located within the enzyme surface as
opposed to the Gly COO~ group, previously proposed.

( Yeast) Glyoxalase

1. INTRODUCTION

Glutathione (y-glutamylcysteinylglycine) fulfils
a variety of roles vital to life processes. Of these
roles it has gained prominence as a coenzyme
which constitutes the glyoxalase enzyme system
[1]. Glyoxalase I [S-lactoylglutathione methylgly-
oxal-lyase (isomerising), EC 4.4.1.5] is a Zn®*
metalloenzyme which catalyses the conversion of
the thiohemiacetal non-enzymatically formed be-
tween glutathione (GSH) and a-ketoaldehydes to
the thioester of the corresponding a-hydroxy acid.
The hydrolysis of the latter to lactic acid and free
GSH is catalysed by a complementary enzyme,
glyoxalase II [1]. The suggestion that this action is
related to the regulation of cell division [2—4] has
stimulated interest in this enzyme system and its
mechanism as an approach to antineoplastic agents
[5-71.

The coenzyme contributes significantly to the
mechanism of action. Only GSH, a few related
tripeptides [8] and N-acyl derivatives [9,10] are ac-
tive and capable of molecular recognition by the

Coenzyme analog
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enzyme. Other sulphydryl-containing compounds
including the glycyl esterified derivative [9] of
GSH are inactive. Suggestions have been made
that this may be due to binding to an arginal
residue [11], however an alternative explanation
may be the presence of a high steric constraint in
this region on the enzyme. In view of the impor-
tance of the carboxyl groups to binding and the
uncertainty associated with their roles we have
used the glutathione analogues 1-5 shown in
scheme 1 to study these regions on the enzyme.

2. MATERIALS AND METHODS

Glyoxalase I (grade IV from vyeast) and
substrates were purchased from Sigma.
Methylglyoxal was purified by removal of acidic
contaminants by ion-exchange chromatography
and stock concentrations were determined by a
modification of [12]. Glutathione derivative 1 was
prepared as in [6]. Derivative 3 was prepared from
1 by a modification of procedures in [9] and 2 by
treatment of 3 with saturated NH;/CH3;OH.

Published by Elsevier Science Publishers B.V. (Biomedical Dwision)

240 00145793/86/$3.50 © 1986 Federation of European Biochemical Societies



Volume 202, number 2

CoR' 0
Q) R =-OH R' = =OH
@ R =-NH, R' = -OH
® R =-0CH, R' = -OH
® R =-NH, R" = -NH,
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Scheme 1.

Derivatives 5 and 4 were prepared by HBr/
CH;COOH N-deprotection of N-benzoyloxy-
carbonyl-S-(4-bromobenzyl)glutathione dimethyl
ester and diamide derivatives prepared from the
free acid precursor [13] as above for 3 and 2.
Derivatives were found to be pure by TLC,
elemental analysis and structures confirmed by
NMR [13] and IR. Assignments of glycyl modifica-
tion in derivatives 2 and 3 were made by anaerobic
hydrazinolysis of the peptides at 110°C for 24 h
[14]. Separation of the hydrazinolysis products of
2, 3, 1 as well as glycyl and y-glutamyl hydrazide
standards by cellulose or silica chromatography
developed in butanol/acetic acid/water (12:3:5)
and visualised with ninhydrin allowed differential
comparisons and assignment of 2 and 3 to be
made. Stock solutions of derivatives 1-3 were
prepared in purified dimethyl sulphoxide; final
concentrations of this co-solvent in the assay
media were kept to < 1% (v/v) at which value there
is no detectable rate effect on the assay of yeast
glyoxalase I. Enzyme assays were performed at
25°C, 0.05 M phosphate buffer, pH 6.6 as
reported in [10}. Thiohemiacetal concentrations
present in the equilibrated mixture of GSH and
methylglyoxal were calculated by using a value of
3.1 mM for the dissociation constant of the
thiohemiacetal at pH 6.6 [4]. Substrate concentra-
tions were taken as 0.5-times the appropriate
thiohemiacetal concentrations to allow for the
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diastereomeric selectivity of glyoxalase I [15]
assuming the selectivity is present at pH 6.6.

To diagnose the inhibition type, both
Lineweaver-Burk (1/V, vs 1/8p) and Dixon (1/V,
vs I) plots were scrutinised. Computations were
carried out on a memory expanded ZXS8I
microcomputer using pre-recorded least-squares
linear regression analysis programmes.
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Fig.1. (a) Dixon and (b) Lineweaver-Burk plots at pH
6.60 (in 0.05 M phosphate buffer) and 25°C for the
inhibition of glyoxalase I by derivative 2. The points are
experimental and the lines theoretical {(a) marked with
the appropriate substrate concentration used and (b)
with the appropriate inhibitor concentration used]
assuming linear competitive inhibition.
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Fig.2. Lineweaver-Burk plot for derivative 3. The points

are experimental, lines are theoretical (marked with the

appropriate inhibitor concentration used) assuming
linear competitive inhibition.
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3. RESULTS

In agreement with previous reports 1 is a linear
competitive inhibitor of yeast glyoxalase I at pH
6.60 and 25°C. Derivatives 2 and 3 were linearly
competitive  with  the thiohemiacetal of
methylglyoxal and GSH by both Lineweaver-Burk
(1/V, vs 1/So) and Dixon (1/V, vs I) criteria, the
results for 2 and 3 being depicted in figs 1 and 2,
respectively. The K; values of 2 and 3 were found
to be 2.35 + 0.67 and 19.7 + 0.94 4M respectively
(see table 1) by calculation from the mean intersec-
tions on the 1/ Vnax axis of the appropriate Dixon
plot. Derivatives 4 and 5 were both inhibitors of
glyoxalase I, however the weak inhibition obtained
coupled with the high absorption of these
derivatives at 240 nm only allowed an estimate of
50% inhibition (Ise) to be calculated. The values of
K; for 4 and 5 were 520.7 + 9.1 and 537.1
8.9 #M, respectively (see table 1). This was ob-
tained by plotting the ratio of Vp/V; vs I and
graphical extrapolation to 50% at thiohemiacetal
concentrations of 8.35 x 10™° and 5.9 x 107> M
allowing for diastereomeric selectivity. The max-
imum experimentally observed inhibition was
40%.

4. DISCUSSION

From the results the linear competitive inhibi-
tion of derivatives 2 and 3 (table 1) indicates that
these molecules probably bind to the same site as
derivatives 1 and simple S-blocked glutathiones.
The fact that there is no significant difference in K;

Table 1
Inhibition of yeast glyoxalase [ by carboxyl-substituted glutathione
derivatives
Ki: R=R

Compound R R’ Ki (uM) Ratio ———————

Ki: R=R’'=0H
1 -OH -OH 2.2 + 0.75% 1
2 -NH: -OH 2.35 + 0.67* 1.07
3 -OCH; -OH 19.7 + 0.94* 8.95
4 -NH, -NH; + 9.1° 237
5 -OCH; -OCH; 537.1 + 8.9° 244

2 Prepared in dimethyl sulphoxide: concentration 1% (v/v)

® Prepared in H,O
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on amidation of the glycyl carboxyl group com-
parison of glutathione derivatives 2 with 1 clearly
argues that it is not involved in an electrostatic
bond with an arginal residue on the enzyme as
previously suggested [11]. The 8.95-fold weaken-
ing in K; on methylation comparison of 3 and 2
probably reflects a steric constraint indicative of a
group binding in a cleft shielded by the protein
structure to one on the surface exposed to the sol-
vent. In addition, such a constraint may reflect the
presence of a hydrogen bond between the glycyl
carboxyl groip and a group on the enzyme. Recent
NMR studies on glyoxalase I [16,17] have iden-
tified an extended Y-shaped conformation for
enzyme-bound glutathione derivatives in which the
glycyl carboxyl group is adjacent to where the
catalytic base may be located. It is therefore possi-
ble that a hydrogen bond exists between the glycyl
carboxyl group and the catalytic base, presumed to
be a histidine residue [18]. Studies undertaken on
carboxyl-modified free-sulphydryl glutathiones are
in agreement with the above studies and show that
the methyl ester derivatives are inactive as
substrates [9,10] with this enzyme, probably due to
poor binding.

Derivatives 4 and 5 are both weak inhibitors of
glyoxalase I. Assuming linear competitive inhibi-
tion for these derivatives the 237-fold weakening in
K; on comparison of derivatives 4 with 2 shows
that the Glu COO~ group contributes significantly
to the binding of glutathione to the enzyme. A
value of 13.5 kJ-mol™! (3.2 kcal-mol™!) at 25°C
is a minimum estimate calculated for the binding
energy of this favourable interaction using 44G =
RTInApK;. This result agrees with electrostatic in-
teraction of the Glu COO~ with a cationic group
located within the enzyme in a region of low dielec-
tric constant [10]. The most likely candidate for
this group is a single arginal residue shown to be
present in the GSH-binding site [11]. Of the two
alternative conformations for glutathione (class I
and class II) {17}, our data do not preclude the
class I structure previously disfavoured probably
due to the assignment of interaction of the
arginine residue with the glycyl group. Of the two
conformations, this study in conjunction with
kinetic studies undertaken on the free-SH form of
derivative 2 a substrate of yeast glyoxalase I favour
a class I conformation as summarised schematical-
ly in scheme 2 in which the glycyl group may be
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Scheme 2.

hydrogen-bonded to the catalytic base.

This result as well as those obtained by the use
of these derivatives with glutathione transferase
clearly shows the importance of evaluation of both
amide and ester derivatives when assessing the role
of the COOH group with respect to binding.
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