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ABSTRACT

A monoclonal antibody against rat liver glutathione 5-transferase B,
which consists of subunits Ya (M, 27,000) and Yc (M, 29,500), was
produced in a mouse hybridoma system. The monoclonal antibody,
BE6Ycl, was of the immunoglobulin Gl class and specifically recognized
glutathione 5-transferase B showing no cross-reactivity against the di-
mene form of Ya, ligandin, in enzyme-linked immunosorbent assay. A
glutathione 5-transferase B-BE6Ycl monoclonal antibody complex was
identified from the zymogram pattern on starch gel electrophoresis. On
sodium dodecyl sulfate-polyacrylamide gel electrophoresis of rat liver
glutathione 5-transferase B, followed by Western blotting with BE6Ycl
antibody, a single polypeptide with a molecular weight of 29,500, identical
to the Yc subunit of rat liver glutathione 5-transferase B, was identified.
The antibody, showed no cross-reactivity with the Ya subunit with a
molecular weight of 27,000 of either glutathione 5-transferase B or
ligandin. These results show that there are at least two distinct epitopes
in the Ya and the Yc subunit. The monoclonal antibody did not block the
catalytic activity of glutathione 5-transferase B toward eumene hydro-
peroxide and possibly also l-chloro-2,4-dinitrobenzene. Quantitative dif
ferences in expression of the Yc subunit of glutathione 5-transferases
were demonstrated in extracts of various normal tissues with the BE6Ycl
antibody by Western blot analysis. The Yc subunit was found to be
present at much lower levels in kidney, small intestine, spleen, and lung
than in liver and testis.

INTRODUCTION

Rat glutathione 5-transferases (EC 2.5.1.18) are present in
abundance in the cytoplasm of liver. They function to detoxify
xenobiotics as well as naturally occurring compounds in the
liver and have wide substrate specificities against a variety of
synthetic substrates (1-5). There are at least six ionically dis
tinct glutathione 5-transferases that exist in rat liver (5), which
are composed of various pairs of the subunits Ya, Yb, and Yc
(6). In this paper, the original nomenclature for glutathione
5-transferases is used. Namely, ligandin and glutathione 5-
transferases B, AA, and A correspond to glutathione 5-trans
ferases 1-1, 1-2, 2-2, and 3-3, respectively (7). Because of the
existence of multiple forms of glutathione 5-transferases and
considerable complexity of their subunits, the structures and
functions of these enzymes have still not been clarified. Mono
clonal antibodies that are specific for single epitopes (8) allow
detailed study of the fine structure and function of the mole
cules. In this work, we used this approach with a monoclonal
antibody against glutathione 5-transferase B to examine the
subunit specificity of rat glutathione 5-transferases. Using a
monoclonal antibody, we showed that the Yc subunit has an
epitope distinct from that of the Ya subunit of both ligandin
and glutathione 5-transferase B. We also examined the effect
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of the antibody on the catalytic activity of the enzyme and the
specific expression of the Yc subunit in various tissues.

MATERIALS AND METHODS

Purification of Rat Liver Glutathione 5-Transferases. The liver of
inbred Sprague-Dawley rats (SDJ/Hkm) was used as an enzyme source.
Liver (about 60 g wet weight) was homogenized at 4"C in 120 ml of 10

HIMTris-HCl (pH 8.1) containing phenylmethylsulfonyl fluoride as a
protease inhibitor, and enzyme was purified from the homogenate as
described (3, 9). Proteins were monitored by the absorption at 280 nm.
Transferase activity was assayed by measuring conjugation of glutathi
one to l-chIoro-2,4-dinitrobenzene at 340 nm (3). Highly purified
ligandin was used as a control protein of the Ya subunit (10).

Production of a Monoclonal Antibody to Glutathione 5-Transferase
B. Two female BALB/c mice were each given injections i.p. and s.c.
with 50 fig of glutathione 5-transferase B in Freund's incomplete

adjuvant twice with 3-wk intervals between treatments. Three days after
the last i.v. injection, immune spleen cells were obtained from the mice
and fused with mouse myeloma SP2/OAgl4 line cells by a standard
procedure (11, 12). Then approximately 2 x 10* cells per well were
plated in 96-well microtiter culture plates. After 10 to 14 days, the
culture medium from individual wells in which cells had grown was
screened by enzyme-linked immunosorbent assay as described below.
The hybridoma obtained was cloned twice by limiting dilution without
a feeder layer.

Enzyme-Linked Immunosorbent Assay. Samples of approximately
0.2 Mgof ligandin or glutathione 5-transferase B in PBS3 (pH 7.4) were
adsorbed to the wells of 96-well activated PVC microtiter plates (Flow
Lab, Inc.). The plates were then blocked with 1% BSA (Sigma A7030)/
100 mM glycine in PBS and then washed with PBS. Then samples of
50 nl of culture fluid from wells in which cells were growing were added
to the PVC plates, and the plates were incubated overnight at 4Â°C.

Antibodies bound to the enzymes were detected by further incubation
with 50 ii\ of peroxidase-labeled goat anti-mouse IgG (Jackson Immune
Res. Lab. Inc.), diluted 1:2000 with 2% BSA/0.05% Tween 80 in PBS
for l h at room temperature. The plates were stained with 10 mg of o-
phenylenediamine in 10 ml of 0.1 M sodium citrate buffer (pH 4.5)
containing 2 nl of H2O2.

Ascites Form of Monoclonal Antibody. The cloned cells (2 xlO6 cells/

mouse) producing BE6Ycl monoclonal antibody were injected i.p. into
BALB/c mice 2 wk after i.p. treatment of the mice with 0.5 ml of
Pristane (Aldrich Chemicals) per mouse. Ascites fluid was collected 10
to 14 days after injection of the cells and centrifuged, and the super
natant was stored at 4Â°Cwith 0.05% sodium azide. BE91al monoclonal

antibody ascites fluid (8) was also used in this work.
Tests of Antibody Isotype and Reactivity. For determination of the

isotype of the monoclonal antibody, the ascites fluid was diluted 2000-
fold and examined in a double-immunodiffusion test with isotype-
specific antisera (Miles Lab. Inc.). Serial 3-fold dilution of antibodies
in 2% BSA/0.05% Tween 80 in PBS was titrated by ELISA.

Electrophoresis of Enzyme-Monoclonal Antibody Complexes. Gluta
thione 5-transferase B and serial 2-fold dilution of BE6Ycl monoclonal
antibody were incubated with 2% BSA/0.05% Tween 80 in PBS over
night at 4Â°Cby the method of Gogolin et al. (13). Each complex was

analyzed by 13% horizontal starch gel electrophoresis, and then the

3The abbreviations used are: PBS. phosphate-buffered saline; SDS. sodium
dodecylsulfate: ELISA, enzyme-linked immunosorbent assay: PVC, polyvinyl
chloride; BSA, bovine serum albumin.
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enzyme-monoclonal antibody complex on the gel was located by specific
staining as described previously (14).

Western Blot Analysis. Western blot analysis was performed as
described by Towbin et al. (15) with slight modifications. Ligandin and
glutathione S-transferases were subjected to electrophoresis in slab gel
containing a gradient of 8 to 16% SDS-polyacrylamide. The proteins
separated on the gel were transferred electrophoretically to a nitrocel
lulose sheet in buffer solution composed of 0.0248 M Tris/O. 192 M
glycine/20% methanol. The nitrocellulose sheet was blocked with 2%
BSA/0.05% Tween 80 in PBS for 40 min at 37Â°Cand then incubated

with 1/1000 diluted BE6Ycl or 1/50 diluted BE91al monoclonal
antibody ascites fluid in 2% BSA/0.05% Tween 80 overnight at 4Â°C.

The sheet was then washed 5 times in 30 min with PBS and incubated
with 1/500 diluted peroxidase-conjugated goat F(ab')i anti-mouse IgG
for BE6Ycl, or anti-mouse IgM for BE91al in 2% BSA/0.05% Tween
80 for 60 min at 4Â°C.After further washing, enzyme-monoclonal

complexes on the sheet were located by determination of peroxidase
activity with 6 mg of 4-chloro-l-naphthol (Bio-Rad)/2 ml of methanol/
5 M' of 30% H2O2 in 10 ml of PBS. For protein staining, the blotted
nitrocellulose sheet was immersed with 0.03% Coomassie bue in 7%
acetate/50% methanol for 2 to 5 min and then destained with 7%
acetate/50% methanol.

Effect of BE6Ycl Monoclonal Antibody on Glutathione 5-Transferase
B. Samples of 10 Â¿igof glutathione S-transferase B were incubated with
serial 2-fold dilutions of BE6Ycl monoclonal antibody in 2% BSA/
0.05% Tween 80 in PBS overnight at 4Â°C,and the catalytic activities

of the resultant complexes were tested. The catalytic activity towards
eumene hydroperoxide was determined by measuring the linear decrease
in NADPH absorption at 366 nm as described (16) and towards 1-
chloro-2,4-dinitrobenzene was determined as described previously (3).
All samples except negative controls contained 5 Â¿igof glutathione 5-
transferase fluid containing unrelated monoclonal antibody was used
as a control.

Tissue Distribution of the Yc Subunit of Glutathione S-Transferases.
SDJ/Hkm rats were anesthetized with ether and exsanguinated. Then
their liver, kidneys, small intestine, spleen, lungs, and testes were
removed. These tissues were each washed with isotonic saline and
homogenized in 1 volume of 10 mM Tris-HCI (pH 7.4), and the
homogenates were centrifuged at 30,000 x g for 30 min at 4Â°C.The

supernatants were diluted 1:20, subjected to electrophoresis on SDS-
gel, and analyzed by the Western blot procedure with BE6Ycl mono
clonal antibody.

RESULTS

Production of a Monoclonal Antibody to Glutathione S-Trans-
ferase B. Fig. 1 shows the individual subunits of glutathione .V-
transferase separated by SDS-polyacrylamide gel electropho
resis. Ligandin and glutathione S-transferases B and A were
composed of a dimer of the Ya subunit, a dimer of the Ya and
Yc subunits, and a dimer of the Yb subunit, respectively. The
Ya, Yb, and Yc subunits of rat liver glutathione S-transferases
have been reported to have molecular weights of 22,000,23,500,
and 25,000, respectively (6), but under our electrophoretic
conditions they had molecular weights of 27,000, 28,500, and
29,500, respectively, in agreement with recent reports (8, 10,
17). Glutathione S-transferase B was used as an immunogen in
a fusion experiment. For selection of a hybridoma specific for
rat liver glutathione S-transferase B, the culture supernatants
from growing hybridomas were screened by ELISA. One hy
bridoma named BE6Ycl was selected and cloned twice by
limiting dilution. The BE6Ycl monoclonal antibody was shown
to be IgGl type.

Titration of Monoclonal Antibodies. The titer of the BE6Ycl
monoclonal antibody was examined by ELISA in comparison
with that of the BE91al IgM monoclonal antibody which is
specific for the Ya subunit of ligandin (8). Ascites fluids of the
antibodies were used. As shown in Fig. 2A, the titer of BE91al
antibody, which bound to both ligandin and glutathione .V-

MWX1Ã–

21-

Fig. 1. SDS-polyacrylamide gel electrophoresis of rat liver ligandin and glu
tathione S-transferases. Lane I, ligandin: Lane 2, glutathione 5-transferase B;
Lane 3, glutathione S-transferase A. The molecular weight markers are phospho-
rylase b (M, 94,000), bovine serum albumin (M, 68,000), ovalbumin (M, 43,000),
carbonic anhydrase (M, 30,000), soybean trypsin inhibitor (M, 21,000), and
lysozyme (M, 14,400). A gradient of 8 to 16% SDS-polyacrylamide gel was used
to resolve the Ya, Yb, and Yc subunit.

transferase B, was about 1:700. This titer reflected the fact that
ligandin and glutathione S-transferase B are dimeric forms
composed of Ya-Ya and Ya-Yc, respectively. On the other hand,
the new BE6Ycl monoclonal antibody showed a high titer of
about 1:170,000 for binding to glutathione 5-transferase B, but
no cross-reactivity with ligandin (Fig. 2Ã„),suggesting that it
binds specifically to the Yc subunit of glutathione 5-transferase
B.

Electrophoresis of Enzyme-Monoclonal Antibody Complexes.
For determination of the binding specificity of BE6Ycl mono
clonal antibody to the native form of glutathione S-transferase
B, the enzyme-antibody complex was incubated and then sub
jected to electrophoresis on 13% starch gel. The complex on
the gel was then located by specific staining with l-chloro-2,4-
dinitrobenzene as a substrate, because the activity was retained
almost completely in the complex (see Fig. 3). A zymogram of
the glutathione S-transferase with ascites fluid including unre
lated monoclonal antibody is shown in Fig. 44, Lane 1, and
with ascites fluid including BE6Ycl monoclonal antibody in
Fig. 4A, Lanes 2 to 8. At a dilution of 1/2 to 1/64 of BE6Ycl
antibody, the complexes moved toward the cathode with lower
mobilities (Fig. 4/4, Lanes 2 to 7) than the free forms (Fig. 4A,
Lane 1). At 1/128 dilution of the antibody, approximately half
the activity was retarded, while the other half appeared in the
position of free enzyme (Fig. 4A, Lane 8). On the other hand,
Fig. 4B shows that no retarded band was observed with a
mixture of ligandin and BE6Ycl antibody (left column), indi
cating that BE6Ycl monoclonal antibody did not bind to ligan
din. These results confirm that BE6Ycl monoclonal antibody
binds tightly to the native form of glutathione .S-transferase B.

Western Blot Analysis. The subunit specificity of BE6Ycl
monoclonal antibody was determined by Western blot analysis.
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Fig. 2. Titration of monoclonal antibodies with ligandin and glutathione ,S
transferase B by ELISA. The enzymes were adsorbed to PVC plates as described
in "Materials and Methods." Ascites forms of the antibodies were used. In A,
serial 3-fold dilutions of BE91al monoclonal antibody were reacted well with
ligandin (A) and cross-reacted with glutathione S-transferase B (A). In />'.serial
3-fold dilutions of BE6Ycl monoclonal antibody reacted well with glutathione .S
transferase B (A), but did not react with ligandin (A). C, negative control with
ascites fluid including nonrelated monoclonal antibody.
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Fig. 3. Effect of BE6Ycl monoclonal antibody on glutathione 5-transferase
B. Samples of 10 /ig of glutathione 5-transferase B were mixed with 2-fold serial
dilutions of BE6Ycl monoclonal antibody and incubated overnight at 4"C.

Activity of the complex including 5 *Â¿gof enzyme was measured at 340 nm with
1-chloro-2,4-dinitrobenzene (â€¢)and at 366 nm with eumene hydroperoxide (O)
as substrate. C, enzyme activity with ascites fluid containing nonrelated monoclo
nal antibody.

Partially purified glutathione 5-transferases eluted from CM52-
cellulose were used as samples. Approximately 2 ^g of each
isozyme were subjected to SDS-polyacrylamide gel electropho-
resis. The gels were blotted onto nitrocellulose sheets, and half
the sheet was stained with Coomassie blue to locate protein

'â€¢MilÂ«
'if"* OR

or.

123456 78

BE6Yd
Fig. 4. Zymogram analysis by starch gel electrophoresis of 10 ^g of partially

purified glutathione 5-transferase B after incubation with 2-fold serial dilutions
of BE6Ycl antibody (ascites fluid). Electrophoresis was performed for 18 h at a
constant voltage of 200 V (A) or 300 V (A) in EDTA-borate-Tris buffer (pH 8.6).
Gels were stained with l-chloro-2,4-dinitrobenzene as a substrate, f. uncom-
plexed glutathione 5-transferase B with mouse ascites fluid containing nonrelated
monoclonal antibody (Lane I); numbers 2 to 8 indicate dilution factors of BE6Ycl
ascites fluid in the series of 2' (Lanes 2 to ,V),B, zymogram of ligandin on starch
gel electrophoresis. Samples of 10 Mgof ligandin were incubated with 'A diluted
BE6Ycl monoclonal antibody (left column) and with ascites fluid containing
nonrelated monoclonal antibody (right column). No distinct difference in the
patterns.

bands, as shown in Fig. SA. The other half of the nitrocellulose
sheet was used for immunoglocial detection of bands (Fig. 5B).
Results showed that BE6Ycl monoclonal antibody bound to a
single polypeptide with a molecular weight of 29,500, which
was identical to that of the Yc subunit (Fig. 5, Lane 4), and did
not cross-react with the Ya subunit of ligandin or glutathione
5-transferase B (Fig. 5B, Lanes 1 to 4) or the Yb subunit of
glutathione 5-transferase A (Fig. 5B, Lane 5). Our data confirm
that the BE6Ycl monoclonal antibody was specific for the Yc
subunit of rat liver glutathione 5-transferase B. Although
BE6Ycl antibody seemed to recognize faint bands with two
polypeptides with molecular weights of 40,000 and 43,000 (Fig.
5B, Lanes 4 and 5), these polypeptides may be artifacts. Another
Western blot experiment was carried out with BE91al mono
clonal antibody. Fig. 6, left and right, shows the results of
protein staining and immunological detection, respectively.
BE91al antibody recognized only one polypeptide with a mo
lecular weight of 27,000, identical with that of the Ya subunit
(Fig. 6, Lanes 1 to 5), and did not cross-react with the Yc
subunit of glutathione 5-transferase B (Fig. 6B, Lane 3) or the
Yb subunit of glutathione 5-transferase A (Fig. 6Ã„,Lane 4).
Thus the specificity of the new monoclonal antibody, BE6Ycl,
is different from that of BE91al monoclonal antibody. These
results also show that the Ya and Yc subunits have at least two
distinct epitopes, supporting the idea that these subunits are
products of separate genes.

Effect of Antibody on the Enzymatic Activity of Rat Liver
Glutathione 5-Transferase B. Since we showed that BE6Ycl
monoclonal antibody bound tightly on the Yc subunit of glu
tathione 5-transferase B (Fig. 4 and 5Ã„),we investigated the
effect of the antibody on the catalytic activity of rat liver
glutathione 5-transferase B toward eumene hydroperoxide and
l-chloro-2,4-dinitrobenzene. For this, the enzyme was incu-
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Fig. 5. Subunit specificity of BE6Ycl monoclonal antibody by Western blot
analysis. Six different samples were applied to the left side, and all the same
samples except the marker proteins were applied to the right side of the SDS 8
to 16% gradient polyacrylamide slab gel and electrophoresed. Peptides were
blotted onto a nitrocellulose sheet, which was then cut down the center. In A, the
left half of the sheet was stained with Coomassie blue. Lane 0, protein markers
(same as Fig. 1); Lane I, purified ligandin; Lanes 2 and Â¡.partially purified
ligandin; Lane 4, partially purified glutathione S-transferase B; Lane S, partially
purified glutathione 5-transferase A. In B. the right half of the sheet was subjected
to Western blot analysis using BE6Ycl monoclonal antibody as a first antibody
as described in "Materials and Methods." Only one polypeptide was observed

with a molecular weight of 29,500, which was identical to that of the Yc subunit
of partially purified glutathione S-transferase B (B, Lane 4). The other enzymes,
ligandin. partially purified ligandin, and partially purified glutathione S-transfer-
ase A, did not react with the monoclonal antibody (Lanes I to 3 and 5).
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Fig. 6. Subunit specificity of BE9laI monoclonal antibody by Western blot
analysis. Left, protein staining of protein markers (Lane 0), partially purified
ligandin (Lanes 1 and 2), partially purified glutathione 5-transferase B (Lane 3),
and A (Lane 4). Right, immunoblot analysis with BE91al monoclonal antibody.
The antibody bound to only one polypeptide with a molecular weight of 27,000,
which was identical to that of the Ya subunit of ligandin and glutathione V
transferase B (Lanes I to 3), but did not bind to Yc (Lane 3) and Yb (Lane 4).

bated with the antibody overnight at 4Â°C,and then its activities

were measured. The catalytic activity of the complex towards
eumene hydroperoxide was not influenced by the antibody (Fig.
3). Thus BE6Ycl monoclonal antibody does not block the
catalytic site. However, the catalytic activity of the complex
towards l-chloro-2,4-dinitrobenzene was slightly less than that

Yc

1 234567
Fig. 7. Western blot analysis of tissue expression of the Yc subunit with crude

extracts of rat liver, kidney, small intestine, spleen, lung, and testis. The super
natants of crude tissue homogenates were diluted 1:20 and then electrophoresed
on SDS-gel. Materials were blotted onto nitrocellulose and examined inumino
logically. Lane 1, marker polypeptides (as for Fig. I); Lane 2, liver; Lane 3,
kidney: Lane 4, small intestine; Lane 5, spleen; Lane 6, lung; Lane 7, testis. In all
tissue extracts, BE6Ycl monoclonal antibody bound to only one polypeptide with
a molecular weight of 29,500, which was identical to that of the Yc subunit of
glutathione 5-transferase B.

of the free enzyme (Fig. 3).
Tissue-Specific Expression of the Yc Subunit. Because

BE6Ycl monoclonal antibody recognizes the Yc subunit, it was
used to examine the tissue distribution of this subunit by
Western blot procedure. Supernatants from homogenates of
various tissues of rats were subjected to electrophoresis on SDS-
polyacrylamide gel, and the proteins separated on the gel were
transferred electrophoretically to a nitrocellulose sheet and
located immunologically with BE6Ycl monoclonal antibody.
As shown in Fig. 7, the Yc subunit was detected with the
antibody in liver and testis (Fig. 7, Lanes 2 and 7) and at lower
levels in the kidney, spleen, and lung (Fig. 7, Lanes 3, 5, and
6). The small intestine gave only a faint diffuse zone (Fig. 7,
Lane 4), but the Yc subunit is probably expressed in this tissue.
Since we examined 20-fold diluted extracts of the different
normal tissues simultaneously, the results indicate quantitative
differences in tissue-specific expression of the Yc subunit.

DISCUSSION

In a previous study we found that BE91al monoclonal anti
body was specific for the Ya subunit of ligandin (8). This was
the first report of use of a monoclonal antibody to ligandin. In
the present study we demonstrate that BE6Ycl monoclonal
antibody has specifically recognized the Yc subunit and did not
cross-react with the Ya subunit of ligandin or of glutathione S-
transferase B, indicating that the epitope recognized by this
antibody is not present in the Ya subunit of either enzyme. We
also showed that BE91al antibody recognized only the Ya
subunit of both ligandin and glutathione S-transferase B. Very
recently, Wang et al. (18) showed Bl-3 monoclonal antibodies
bound mainly to the Yc subunit, but cross-reacted with the Ya
subunit of ligandin but not that of glutathione .S-tninslcrase B,
indicating the existence of an epitope common to the Ya and
Yc subunits, and of multiple Ya subunits. This suggests that
BE6Ycl and Bl-3 monoclonal antibodies recognize different
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epitopes on the Yc subunit. Recently, gene sequencing studies
revealed that the Ya and Yc subunits are encoded by two related,
but different genes (17, 19-24). These results suggested the

existence of common and distinct epitopes in the Ya and Yc
subunits. Here we confirmed this prediction.

We used electrophoresis for analysis of enzyme-monoclonal
antibody complexes by the method originally described by
Gogolin et al. (13). Since glutathione S-transferase B is a dimer
of the Ya and Yc subunits, BE6Ycl monoclonal antibody
probably formed a complex with the Yc subunit monovalently.
This would explain why its complex showed lower mobility on
the gel than the free enzyme (Fig. 4). On the other hand, when
a testis extract, which contains glutathione S-transferase AA
(YcYc homodimeric form) but not glutathione 5-transferase B
(25), was incubated with the antibody and then subjected to
electrophoresis on starch gel, no glutathione 5-transferase ac
tivity bound to the antibody, and no retarded band could be
seen (data not shown). One possible explanation for this was
that the complex remained at the origin, because the antibody
bound to the enzyme divalently. Another possibility was that
BE6Ycl antibody bound to the catalytic site on the enzyme
towards 1-chloro-2,4-dinitrobenzene. This possibility is dis
cussed below.

Mannervik and Jensson (5) showed that the Yc subunit has
higher activity than the Ya subunit towards eumene hydroper-
oxide. BE6Ycl monoclonal antibody did not inhibit the cata
lytic activity of the enzyme towards eumene hydroperoxide.
However, BE6Ycl antibody slightly decreased the activity to
wards l-chloro-2,4-dinitrobenzene (Fig. 3). Possibly it binds to
the enzyme close to the catalytic site for l-chloro-2,4-dinitro-
benzene, or possibly it interferes with the activity towards 1-
chloro-2,4-dinitrobenzene nonspecifically. We are now using a
homodimer of the Yc subunit to study this problem.

Tu et al. (26) reported that expression of multiple forms of
rat glutathione 5-transferases was tissue specific, but their
conclusion was based on only comparison of molecular weights,
not of subunit specificities. Recently, studies by RNA blot
hybridization with pGT262 cDNA probe showed the tissue-
specific expression of the Yc subunit; the probe hybridized
much less to the lung and spleen enzymes than to those of liver,
kidney, and testis. However, this result was unlikely to reflect
Yc sequence specificity, because Ya and Yc subunits show
extensive homology (22, 23). The BE6Ycl monoclonal anti
body is better for resolving this problem, because it specifically
recognizes the Yc subunit. We examined the expression of the
Yc subunit in different tissues with this antibody by compari
sons of both specificity and molecular weight, simultaneously
(Fig. 7). Results showed that the Yc subunit is expressed at
lower levels in the lung, spleen, small intestine, and kidney and
higher levels in the testis and liver. From these results, we
conclude that expression of the Yc subunit is quantitatively
different in different tissues.

Marked increases in rat azo dye-binding protein and rat
placenta! glutathione 5-transferase in rat liver tumors induced
by carcinogens have been observed by immunohistochemical
staining techniques, suggesting that antibodies against gluta
thione 5-transferases should be useful for detection of hepatic
cancer (27-29). Thus specific antibodies, such as monoclonal
antibodies described here (BE6Ycl and BE91al), should be
useful in diagnosis of hepatic cancer.
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