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Identification of a glutathione S-transferase without affinity
for glutathione sepharose in human kidney
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Summary. To identify kidney glutathione S-transferase (GST) isoen-

zyme, which does not bind to glutathione affinity column, biochemical

characterization was performed by using an array of substrates and by mea-

suring sensitivity to inhibitors. Immunological characterization was done

by immunoblotting. Affinity flow-through GST exhibited activity towards

7-chloro-4-nitrobenzo-2-oxa-1,3-diazole and cumene hydroperoxide, typi-

cal class a substrates and high sensitivity towards hematin, ana class inhibi-

tor. It cross-reacted with antibodies against a class GST. Affinity flow-

through GST in human kidney is an a class member.
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kidney

Introduction

The glutathione S-transferases (GSTs) are encoded by

two distinct multigene families, microsomal GSTs and the

soluble GSTs (Jakobsson et al., 1999). Soluble enzymes

function as dimmers and catalyze the conjugation of

glutathione (GSH) with electrophylic compounds (Hayes

and Pulford, 1995). Besides GSH-conjugating activity,

GSTs can also serve as peroxidases, isomerases and thiol

transferases and some isoenzymes have non-catalytic

functions. Classes a, m, p, y and z are polymorphic and

consist of several isoenzymes, showing different substrate

specificities (Hayes and Strange, 2000). The distribution

of GSTs is organ-dependent and this feature, together with

polymorphic expression, significantly influences biotrans-

formation capacity of different tissues, (Mimic-Oka et al.,

1992; Strange et al., 2001).

The highest GST activity in human and rat organs

has been observed in the liver followed by the kidney

(Baars et al., 1981; Sherman et al., 1983). In kidney

tissue, four major cytosolic GST classes (a, m, p and

y), have been described (Tateoka et al, 1987; Di Ilio

et al., 1987; Oberley et al., 1994; Delbanco et al.,

2001). Besides, isoform of GST that has no affinity for

immobilized GSH was also isolated in human kidney

(Simic et al., 2001). GST isoenzymes without affinity for

GSH resin have been first identified in dog kidney and

named affinity flow-through GST (Bohets et al., 1996).

In addition to kidney, in humans, affinity flow-through

GST isoenzyme has been found only in urinary bladder,

(Singh et al., 1991). This bladder affinity flow-through

GST was identified as class a enzyme. Corresponding kid-

ney GST isoenzyme was only partially characterized, as a

cationic GST with low peroxidase and 1-chloro-2,4-di-

nitrobenzene (CDNB) conjugating activity (Simic et al.,

2001). However, identification of kidney affinity flow-

through GST based on determination of activities with

specific substrates and inhibitors, subunit composition

and immunological properties, has not been performed

as yet. Such characterization is of particular interest, since

a potential role for affinity flow-through GST in the pro-

cess of kidney cancerisation has been recently suggested.

Namely, in normal human kidney, a substantial amount of

the GST was found in the affinity flow-through fraction

(Simic et al., 2001). However, in kidney tissue of patients

with renal cell carcinoma this isoenzyme was significantly

down-regulated. Besides, affinity flow-through was not

expressed by renal cell carcinoma (Simic et al., 2003).

The present study describes the identification of affinity

flow-through GST in human kidney.



Materials and methods

Isolation of affinity flow-through GST from human kidney

Isolation of affinity flow-through GST from five human kidney specimens

was performed according to the procedure that has recently been described

(Simic et al., 2001). In brief, tissue was obtained at autopsy from individuals

who died either from accidental causes or from a non-renal disease.

Cytosolic fraction was used for enzyme isolation. GST in fractions was

identified by measuring the overall enzyme activity towards CDNB. GSTs

were first separated on the basis of their affinity to Glutathione Sepharose 4B

affinity column, followed by ion exchange chromatography and cationic

chromatofocusing. Affinity flow-through GST was isolated from peak frac-

tions after chromatofocusing at pH-7.9. Activities towards specific sub-

strates were determined in each sample at least three times. For inhibition

studies, electrophoresis and immunoblotting peak fractions were pooled.

Biochemical characterization

Overall GST activity was determined by using GSH and CDNB in a

concentration of 1 mM at 340 nm (pH 6.5) (Habig et al., 1974). Specific

substrates included in the study were: 7-chloro-4-nitrobenzo-2-oxa-1,3-

diazole (NBD-Cl), cumene hydroperoxide (CuOOH), 1,2-dichloro-4-nitro-

benzene (DCNB), vinyl pyridine (VP) and 1,2-epoxy-3-(p-nitrophenoxy)-

propane (EPNP) (Habig and Jakoby, 1981; Ricci et al., 1994; Thier et al.,

2002). Enzyme activities were determined at the following wavelengths

and pH conditions: NBD-Cl, 419 nm and pH 6.5; CuOOH, 340 nm and pH

7.0; DCNB 345 nm and pH 7.5; VP, 248 nm and pH 6.5; EPNP 360 nm

and pH 6.5. The activity of GST towards CuOOH was determined at 37 �C

and units (U) of activity are expressed as mmol per minute of NADPH

consumed. GST activities towards other substrates are presented as units

(U) corresponding to the amount of enzyme that utilized 1mmol of sub-

strate per minute at 25 �C. Specific activity is expressed in U=mg protein,

the proteins being measured by the Bradford method (1976) with bovine

serum albumin as the standard.

Inhibitors included in the study were hematin, cibacron blue and etha-

crynic acid (Habig and Jakoby, 1981). The inhibition was quantified in the

I50 value. This is the concentration of inhibitor resulting in 50% inhibition

of the overall enzyme activity with CDNB and GSH as substrates.

SDS-polyacrylamide gel electrophoresis and immunoblotting

Vertical electrophoresis was performed as described by Laemmli (1970)

using 12.5% polyacrylamide gels. For subunit composition and molecular

mass determination proteins were visualised by Coomassie brilliant blue

staining. For immunoblotting proteins were transferred to a nitrocellulose

membrane. The membranes were incubated with primary rabbit poly-

clonal antibodies against classes a, m and p (1:500), washed and incubated

with secondary goat anti-rabbit antibody (1:2000) conjugated with per-

oxidase. Binding of immobilized proteins was detected by enhanced

chemiluminiscence.

Results

The physico-chemical properties of the affinity flow-

through GST from human kidney are summarized in

Table 1. Affinity flow-through GSTs isolated from all

samples had the same cationic isoelectric point (pI 7.9).

SDS-PAGE showed that affinity flow-through was a ho-

modimer with a molecular mass of 25 000 Da.

Affinity flow-through GST was tested for the activity

with specific substrates (Table 1). The enzyme was active

with NBD-Cl and CuOOH, characteristic class a sub-

strates. Affinity flow-through GST did not exhibit any ac-

tivity with substrates (DCNB, VP, and EPNP), that are

specific for m, p, and y GST classes, respectively (Table 1).

Different GSTs can be also distinguished according to

their sensitivity towards different inhibitors (Habig and

Jakoby, 1981). Class a is noted for a low I50 value for

hematin and a high value for cibacron blue. Class m has

a high I50 value for hematin and a low value for cibacron

blue and ethacrynic acid. Class p has a high I50 value for

Fig. 1. Immunoblot analysis of affinity flow-through GST fraction in

human kidney. Proteins were resolved by SDS=PAGE and analysed

with antisera against class a, m and p. 1, 2 Affinity flow-through GSTs

from human kidney; 3 human placental GST (class p); 4 rat liver GST

(class m), 5 bovine liver GST (class a)

Table 1. Physicochemical characteristics, substrate specificities and inhi-

bition parameters of affinity flow-through GST in human kidney

Affinity flow-through GST

Physicochemical characteristics

pI 7.9

Overall activity towards CDNB

(U=mg protein)

4.92 � 1.13

Subunit (Da) 25000

Specific substrates (U=mg protein)

NBD-Cl (class a) 1.12 � 0.27

CuOOH (class a) 3.67 � 0.99

DCNB (class m) nd

VP (class pi) nd

EPNP (class y) nd

Specific inhibitors (I50 in mM)

Hematin 0.15 � 0.04

Cibacron blue 2.01 � 0.49

Ethacrynic acid 5.51 � 1.41

pI Isoelectric point; CDNB 1-chloro-2,4-dinitrobenzene; GSH glu-

tathione; NBD-Cl 7-chloro-4-nitrobenzo-2-oxa-1,3-diazole; CuOOH

cumene hydroperoxide; DCNB 1,2-dichloro-4-dinitrobenzene; VP vinyl

pyridine; EPNP 1,2-epoxy-3-(p-nitrophenoxy)propane; nd not detected;

I50 Concentration (mM) of inhibitor resulting in 50% inhibition of the GST

activity, measured with 1 mM GSH and CDNB as substrates
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hematin and ethacrynic acid and a low value for cibacron

blue. The inhibition parameters for affinity flow-through

GST with different inhibitors are given in Table 1. Affinity

flow-through GST showed a high sensitivity towards

hematin and a low sensitivity towards cibacron blue and

ethacrynic acid, that is typical of a class GST.

Immunoblot analysis was performed for all isolated

affinity flow-through GST isoenzymes and representa-

tive immunoblot is presented in Fig. 1. The affinity flow-

through GST from human kidney showed the presence of

class a antigen. The enzyme did not cross react with an-

tibodies against classes m and p (Fig. 1).

Discussion

We performed biochemical and immunological character-

ization of affinity flow-through GST in human kidney. It

has been shown that affinity flow-through GST possesses

NBD-Cl conjugating and peroxidase activity towards

CuOOH, typical class a substrates. Inhibition studies have

shown high sensitivity of this isoenzyme towards hematin,

which is characteristic of a class. Finally, immunoblotting

confirmed that affinity flow-through GST in human kidney

belongs to a class.

Up to date, affinity flow through GST in human kidney

has not been identified at class level. Cationic isoelectric

point (pI – 7.9), suggested that affinity flow-through could

be an a class member (Simic et al., 2001). Still, identifi-

cation of kidney affinity flow-through GST had to be per-

formed by comprehensive biochemical characterisation

and immunoblotting. Our data on the activity of affinity

flow-through GST with NBD-Cl are in agreement with the

study of Delbanco et al. (2001), who showed the presence

of NBD-Cl conjugating activity in renal tissue of patients

with renal cell carcinoma. Peroxidase activity with CuOOH

has also been reported in human kidney (Pacifici et al.,

1989). Furthermore, NBD-Cl conjugating and CuOOH

peroxidase activity in the kidney are reported to represent

a subclass A2 of GSTs (Hayes and Strange, 2000).

Regarding substrate specificity, affinity flow-through

GST isoenzymes were characterised only in tissues of

other species. Thus, affinity flow-through GST of dog liver

and kidney possesses high activity towards DCNB, a class

m substrate (Igarashi et al., 1991; Bohets et al., 1996). Rat

liver enzyme possesses peroxidase activity and extremely

low activity with CDNB (Mannervik et al., 1985). It was

later identified as class y enzyme (Meyer et al., 1991).

Since inhibitor sensitivities can also be used to distinguish

different enzymes (Habig and Jakoby, 1981), we mea-

sured the activity of affinity flow-through GST in the pre-

sence of specific inhibitors. Our data that human kidney

affinity flow-through GST is hematin sensitive, are in con-

trast to data on corresponding dog renal isoenzyme, which

was similarly sensitive towards both cibacron blue and

hematin (Bohets et al., 1996). Substrate specificities and

inhibitor sensitivities suggest that human kidney affinity

flow-through GST is functionally distinct from corre-

sponding renal and non-renal affinity flow-through GST

isoenzymes in other species.

The presence of a class in human kidney has already

been documented at protein level by immunohistochem-

istry, and immunoblotting of cytosolic, and affinity bound

renal GSTs (Di Ilio et al., 1987; Klone et al., 1990; Oberley

et al., 1994; Rodilla et al., 1998). However, affinity flow-

through GST, as quantitatively important part of GST in

human kidney, was identified as a class a member for the

first time in our study. Since bladder enzyme has also been

identified as a class member, it is tempting to speculate that

same GST enzymes provide protection against common

carcinogenic compounds. On the other hand, overall down-

regulation of GST a class in renal cell carcinoma has been

well documented by several investigators (Klone et al.,

1990; Oberley et al., 1994; Rodilla et al., 1998). Our recent

study has shown that affinity flow-through GST is also

down-regulated in patients with the renal cell carcinoma

(Simic et al., 2003). However, the question of mechanism

by which down-regulation of a class GST, contributes to

malignant transformation remains unanswered and requires

further investigations.
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