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SUMMARY: The glutathione-protein binding interactions of rat renal y-glut- 
amyltransferase (yGT) were studied by examining the effect of phenylglyoxal 
(PGO), a chemical modifying agent for arginyl residues. PGO inactivation of 
yGT followed pseudo-first order kinetics and the rate was dependent upon the 
concentration of PGO. Glutathione (GSH) protected the enzyme from inactiva- 
tion by PGO. The anti-tumor drug L-(aS,5S)-a-amino-3-chloro-4,5-dihydro-5- 
isoxazoleacetic acid (AT-1251 inactivated purified YGT. The inactivation 
capability of AT-125 was abolished by esteriEication of the carboxyl moiety 
and was regained upon incubation of AT-125 methyl ester with a carboxyl ester- 
ase. AT-125 and glutathione may bind to yGT via the electrostaLic interaction 
of their respective carboxyl group(s) and an arginyl residue at the active 
site. 

Rat renal y-glutamyltransferase (E.C.2.3.2.2) is an enzyme localized in 

the brush border membrane (1,2) which catalyzes the transfer of y-glutamyl 

groups from a number of donors to a variety of acceptors. Although the phy- 

siological functions of the enzyme are not understood completely, both hydrol- 

ysis and transfer reactions proceed through the formation of a covalent 

y-glutamyl-enzyme intermediate (3). In the course of our attempts to clarify 

the nature of the extremely tight binding of glutathione (GSH) to 

y-glutamyltransferase, l$.,,=5.7 uM (4), we report here the inactivation of 

this enzyme by phenylglyoxal, an arginyl-specific chemical modifier (5). GSH 

substantially protected y-glutamyltransferase from phenylglyoxal inactivation. 

The anti-tumor drug and glutamine analog L-(aS.SS)-a-amino-3-chloro-4,5- 

* The abbreviations used are: AT-125. L-(WS .5S) -a-amino-3-chloro-h . 5-dihydro- 
5-isoxazoleacetic acid; GSH, glutathione. 
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dihydro-5-isoxazoleacetic acid (AT-1251 also inactivated y-glutamyltrans- 

ferase. We report that the carboxyl group of AT-125 is responsible for 

spec 

that 

s .te 

i fit: binding to Y-glutamyltransferase and our data support the suggestion 

GStI and AT-125 bind to the enzyme via an arg inyl residue at the active 

M.sterials and Methods -___- __---- 

y-Glutamyltransferase was solubilized from rat renal membranes by treat- 

mznt with papain and purified to homogeneity as previously described (6). The 

t ranspeptidation speciEic activity, when assayed at pH 8.0 with 2.5 ti 

L-y-glutamyl-p-nitroaniline (Sigma Chemical Co., St. Louis, MO) as the donor 

and 20 m?l glycylglycine (Sigma) as the acceptor (7), was 406 umol*min-‘rng-l at 

25” C. The assay for hydrolytic activity was initiated by the addition of 

enzyme into a cuvette containing 2.5 m?l y-glutamyl-p-nitroaniline and the 

exclusion of glycylglycine as acceptor. AT-125 (generously provided by the 

National Cancer Institute) was esterified by diazomethane in freshly distilled 

dioxane treated to eliminate peroxides. To a solution of 6.10 mg (34 umol) of 

AT-125 in 2 drops distilled water (10 ml round bottom) was added a dioxane 

solution containing freshly prepared diazomethane (8). The diazomethane in 

Clioxane solution was added dropwise to the first permanent green coloration. 

Pistilled water was added (0.3 ml) and the solution lyophilized to remove the 

s#olvents. Thin layer chromatographic analysis [silica gel: tetrahydrofuran: 

tcetone:water (5:3:2)] with ninhydrin visualization showed a spot at Rf=0.79 

:,nd no spot corresponding to AT-125 (Rf=0.57). Positive identification 

of AT-125 methyl ester was made by mass spectrum analysis by fast atom 

t,ombardment quadrupole mass spectroscopy (9,lO). The methyl ester of AT-125 

showed a base parent ion 14 mass units greater than the parent AT-125 and 

retained the characteristic 35Cl/37C1 pattern representative of a 

mono-chlorine-containing compound. 

A typical inactivation experiment with phenylglyoxal consisted of the 

t’ollowi.ng components added in this sequence in a total volume of 0.4 ml: 160 

1~1 bicarbonate buffer (250 mM), pH 7.9: 200 ul y-glutamyltransferase (14 
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ug/ml) in distilled water; and 40 ul of phenylglyoxal (Sigma, recrystallized 

twice from water prior to use) (variable concentration) which was prepared in 

250 mM bicarbonate buffer, pH 7.90. Aliquots (50 ~1) were withdrawn at 

various time points and assayed for either hydrolytic or transpeptidation 

activity as described above. In the protection experiments, glutathione (GSH: 

0.5 mM) and an equimolar amount of dithiothreitol were introduced prior to the 

addition of phenylglyoxal. 

A typical inactivation experiment with AT-125 consisted of the following 

components added in this sequence in a total volume of 0.4 ml: 160 ~1 

phosphate buffer (O.O5M), pH 7.50; 200 ul y-glutamyltransferase (14 ug/ml) and 

40 pl AT-125 (ImM), both in phosphate buffer (0.05 M), pH 7.50. Aliquots (50 

~1) were removed at various time points and assayed for either transpeptidase 

or hydrolysis activities as described above. AT-125 methyl ester experiments 

were identical to those previously described except after 15 min. 15 units of 

carboxyl esterase (Sigma Chem. Co.; 10 1-11 of 1500 units/ml) were added and 

aliquots withdrawn and assayed as described above. All experiments were 

initiated by addition of AT-125 or its methyl ester and incubation was carried 

out at 25” C. The percent activity remaining aL any given time was calculated 

relative to zero time activity. 

Results and Discussion 

Evidence that an arginyl residue was essential for y-glutamyltransferase 

activity was provided by phenylglyoxal, a chemical modifying reagent specific 

for arginyl residues (5). 

percentage transpeptidase 

concent rations of phenylg 

In f i 

activ i 

lyoxal 

gure I is shown 

ty remaining vs 

The inactivat 

a plot of the log of the 

. incubation time with varying 

ion followed pseudo-first order 

kinetics with respect to enzymatic activity remaining and the rate of inacti- 

vation was dependent upon the concentration of phenylglyoxal. Similar results 

were obtained when assaying the hydrolysis activity of y-glutamyltransferase 

in the presence of varying concentrations of phenylglyoxal (Figure 2). 

The role of the arginyl residue(s) on y-glutamyltransferase essential for 

catalytic activity was discerned from protection experiments with GSH (Table 
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Figure 1: Effect of varying concentrations of phenylglyoxal on the ____ 
transpeptidase activity of y-glutamyltransferase. y-Glutamyltransferase was 
incubated with 0.5 ti CO). 1.0 mM (A) or 2.0 mM (.) phenylglyoxal. The 
hydrolysis activity of y-glutamyltransferase was determined as described in 
the Materials and Methods section. 

Figure 2: Effect of varying concentrations of phenylglyoxal on the hydrolysis 
-7 
actlvlty of y-glutamyltransferase. y-Glutamyltransferase was incubated with 
0.5mM co), 1.0 mM (A) or 2.0 mM (.) phenylglyoxal. The transpeptidase 
activity of y-glutamyltransferase was determined as described in the Materials 
and Methods section. 

1). Inclusion of GSH with y-glutamyltransferase prior to treatment with 

phenylglyoxal provided substantial protection from inactivation (Table 1). 

AT-125 has been shown to rapidly inactivate y-glutamyltransferase from 

human pancreatic carcinoma cells (11). This drug also inactivates y-gluLamyl- 

transferase activity in isolated rat kidney cells as measured with GSH as a 

substrate (12). A time course for the inactivation of purified rat renal 

enzyme with 100 NM AT-125 is shown in Figure 3. The inactivation of both 

hydrolysis and transpeptidation activities was rapid and followed pseudo-first 

order kinetics with respect to the remaining enzymatic activity. The methyl 

ester of AT-125 did not inactivate either catalytic activity of y-glutamyl- 

trsnsferase (Figure 3). Further evidence for the importance of the free 
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Table 1 

Glutathione Protection of Y-Glutamyltransferase 
from Inactivation by Phenylglyoxal (1.0 RIMI 

Protecting Concentration 

agent= (mM) 

Hydrolytic residual Transpept idase 

activity (%)b residual activity (%) 

NO”Gt 25 26 

Dithiothreitol (DTT) 0.5 29 28 

Glutathione + DTT 0.5 79 61 

a The standard incubation mixture consisted of phenylglyoxal 
(1.0 mM); bicarbonate buffer, pH 7.90 (125 mM); and the 
y-glutamyltransferase preparation in a total of 0.4 ml. The 
protecting agent glutathione (0.5 mM) was added with an 
equimolar amount of dithiothreitol prior to addition of 
phenylglyoxal. The incubation was carried out for 60 minutes 
at 25°C and aliquots were removed and assayed for specific 
activities as described in the Materials and Methods section. 

b The specific activity (hydrolytic or transpeptidation) remaining 
was calculated relative to the respective zero time activity. 

car-boxy1 moiety in binding AT-125 to the enzyme was provided by the addition 

of a carboxyl esterase to the mixture containing AT-125 methyl ester and 

y-glutamyltransferase (Figure 3). Following addition of the esterase, the 

y-glutamyltransferase activities (hydrolysis and transpeptidase) were inacti- 

vated at rates comparable to that shown by the parent compound. This evidence 

suggests that AT-125 binds to y-glutamyltransferase via its carboxyl moiety. 

Substrates containing a glycyl moiety serve as y-glutamyl acceptors to 

y-glutamyltransferase (7,13). We have recently shown the importance of the 

glycyl carboxyl moiety of GSH in binding to an arginyl residue at the acti ve 

site of yeast glyoxalase I (14). The protection of y-glutamyltransferase from 

phenylglyoxal inactivation by GSH described here provides evidence that el ec- 

trostatic interactions (carboxyl moiety to arginyl residue) may be important 

in the binding of GSH to many enzymes. AT-125 is known to inactivate a 

variety of bacterial and mammalian amidotransferases (15-17). It would appear 

from the results reported here that AT-125 binds to y-glutamyltransferase 

through its carboxyl moiety. We propose that this binding mechanism may be a 

general phenomenon for enzymes that are inactivated by AT-125. We further 

suggest that the respective carboxyl moieties of GSH and AT-125 may be respon- 
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Figure 3: Effect of 100 vM AT-125 or AT-125 methyl ester on y-glutamyltrans- -~ 
ferase activities (hydrolysis and transpeptidation) as a function of 
incubation time. y-Glutamyltransferase was incubated with either 100 PM 

AT-125 (a = hydrolysis activity; 0 = transpeptidase activity) or 100 PM 
AT-125 methyl ester (n= hydrolysis activity; 0 = transpeptidase activity). 
The arrow indicates the addition of 15 units of carboxyl esterase to the 
AT-125 methyl ester experiments. The controls were: A = hydrolysis activity; 
A = transpeptidase activity. The hydrolysis and transpeptidation activities 
were determined as described in the Materials and Methods section. 

sible for binding of these substrates to y-glutamyltransferase via the elec- 

trcpstatic interaction with the proposed arginyl residue present at the active 

site. 
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