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Abstract-Dog liver cytosolic glutathione S-transferases (GSTs) were investigated to characterize their 
properties in comparison with rat liver transferases. Dog liver GSTs after the glutathionc affinity column 
chromatography showed three subunit bands on SDS-polyacrylamide gel elcctrophorcsis. These three 
subunits, designated as Ydl (mol.wt 26,UMJ). Yd2 (mol.wt 27.000) and Yd3 (mol.wt 28,ooO). wcrc 
distinctly different from rat liver GST subunits, i.e. Ya(1) ( mol.wt 26,50(l), Ybl(3)/Yb2(4) (mol.wt 
27.500) and Yc(2) (mol.wt 28,500). Western blot analysis revealed that Ydl, Yd2 and Yd3 wcrc 
immunorcacted with anti-rat GST 7-7. 1-l and 3-3 antibodiss, respectively. Four transferase activity 
fractions, I (pH > 7.63). II (pH 6.92). III (pH 5.80) and IV (pH 5.65). were obtained from affinity 
purified GSTs by chromatofocusing. Each fraction exhibited a characteristic substrate specificity. GST- 
II, III and IV were all strongly immunoreacted with anti-rat GST 7-7 antibody by immunoblotting, thus 
suggesting the occurrence of the heterogeneity of transfcrases immunologically related to rat GST 
subunit 7 in dog liver. Immunohistochcmical examination showed that transferascs immunorcactcd wlith 
anti-GST 7-7 antibody have diffusely distributed throughout the lobule. while enzymes related to subunit 
3 have been localized in a narrow range of cells around the central vein. These data suggest that GSTs 
immunologically associated with rat transfcrase subunit 7 may be major forms in dog liver. 

The glutathione S-transferase (GSTP; EC 2.5.1.18) 
is a group of enzymes which play an important 
role in drug biotransformation and metabolism of 
xenobiotics [l]. Multi-molecular forms of GST 
have been found in many species. Despite their 
multiplicity these enzymes from different tissue and 
species display a characteristic feature in that 
they are all dimeric proteins formed by binary 
combinations of various subunits. The rat cytosolic 
GSTs have been studied most, and eight subunits 
from 1 to 8 have been identified so far [2.3]. It 
was recently demonstrated that GSTs from different 
mammalian species can be grouped by several 
criteria into three distinct species-independent 
classes named alpha, mu, and pi [4]. The alpha 
class involves the GST isozymes composed of 
subunits 1, 2 and 8, and mu class is associated 
with 3, 4 and 6 subunits. The pi class is a family 
of isozymcs which contain only subunit 7. In 
addition to rats, each of mouse and man has been 
reported to contain at least one isozyme of each 
class (41. Among these three classes. GST 7-7 (also 
named GST-P) has recently attracted particular 
attention as a new marker enzyme for (pre)- 
neoplastic lesions arising during chemical car- 

t Correspondence and reprint rcqucsts should be addrcs- 
sed to: Takashi Igarashi, Department of Biochemical Phar- 
macology and Biotoxicology. Faculty of Pharmaceutical 
Sciences. Chiba University, 1-33 Yayoi-cho, Chiba 260. 
Japan. 

cj Abbreviations used: GST, glutathionc S-transfcrase; 
CDNB, I-chloro-2,4-dinitrobcnzcne; DCNB, I ,2-dichloro- 
4-nitrobcnzene; GSH, reduced glutathione; SDS-PAGE, 
sodium dodccyl sulfate polyacrylamidc gel elcctrophoresis. 

cinogenesis in rat liver [S] and hamster pancreas 
[6] and human colonic carcinoma 171. 

Since pharmacological and toxicological inves- 
tigations are frequently performed in the dog, it was 
of much interest to characterize the GSTs in the dog. 
Dog liver GSTs have been recently separated into 
five isozymes and their heterogeneity has been 
demonstrated in several respects 181. However. the 
relationship of these dog liver GSTs to well-char- 
acterized rat liver GSTs has not been elucidated. 
The present study was designed to conduct, for com- 
parative purposes, dog and rat GSTs biochemically 
and immunochemically. In the present study, we 
report here the abundant presence of rat GST sub- 
unit 7 in normal dog liver. 

MATERIALS AND METHODS 

Animals. Adult male beagle dogs (10-16 kg) were 
used. They were freely given water and a commercial 
chow (CD-S@, Oriental East Co.). They were fasted 
for 18 hr and killed by exsanguination under anaes- 
thesia with sodium pentobarbital. The livers were 
quickly removed and weighed, followed by perfusion 
with 1.15% KCI. Then 20% (w/v) homogenates were 
prepared after the addition of ice-cold 1.15% KC1 in 
a Waring blender and, thereafter, a glass Potter- 
Elvehjem homogenizer with a TeHon pestle. Par- 
ticles and lipid material were removed from the crude 
homogenate by filtration through one layer of gauze. 
The homogenate was centrifuged at 900013 for 
20 min. The resultant supernatant was further centri- 
fuged at 105,0(W) g for 60 min. The resulting clear 
supernatant was used as the cytosol for all assays. 
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The male rat (Sprague-Dawley strain at seven-week- 
old) liver cytosol was prepared by the same pro- 
cedure as for dog, described above. 

Chemicals. I-Chloro-2,4_dinitrobenzene 
(CDNB), 1,2-dichloro-4nitrobenzene (DCNB), 
trans-4-phenyl-3-buten-2-one and GSH were pur- 
chased from Wako Pure Chemicals Inc., Ltd., 
Tokyo. Cumene hydroperoxide were from Nakarai 
Chemicals, Ltd., Kyoto. Ethacrynic acid and 1,2- 
epoxy-3(pnitrophenoxy)propane were from Sigma 
Chemical Co., St. Louis, MO. Other reagents used 
were of analytical grade. 

Determination of GSTactivity. GST activities were 
assayed according to the method of Habig et al. [9], 
while the GSH peroxidase activity was measured by 
the method of Lawrence and Burk [lo] using cumene 
hydroperoxide as a substrate. 

Purification procedures for dog liver cytosolic 
GSTs. The cytosol was dialyzed with 20 mM Na,K- 
phosphate buffer (pH 7.0) containing 20% glycerol 
(buffer A) and applied onto a column, which pre- 
viously equilibrated with the buffer A, of GSH- 
affinity resin, which was prepared from epoxy-acti- 
vated Sepharose 6B (Pharmacia Fine Chemicals) 
according to the method of Simons and Vander Jagt 
[ll]. The bound GSTs were eluted with 50 mM Tris- 
HCl (pH 9.6) containing 15 mM GSH and 20% glyc- 
erol as reported by Koskelo et al. [12]. It is worth 
noting that on the GSH-affinity column approxi- 
mately 35% of GST activity towards CDNB in dog 
liver cytosol was recovered in flow through fraction. 
The eluates were pooled and concentrated by ultra- 
filtration with a Diaflo PM-10 membrane. Then, the 
concentrated solution was desalted by using Sepha- 
dex G-25 column (PD-10) equilibrated with 25 mM 
imidazole-HCI (pH 7.4) and then applied to a 
column (1.0 x 29 cm) of chromatofocusing gel 
PBE94 equilibrated with the same buffer. Elution 
was carried out with 400 ml of Polybuffer 74, which 
was diluted at a ratio of 1 to 8 with degassed water 
and adjusted to pH 4.0 with HCI. Fractions of 2.5 ml 
were collected. GST activity was measured with 
CDNB as a substrate. 

SDS-polyacrylamide gel electrophoresis. Elec- 
trophoresis was performed as described by Laemmli 
[13] in 12.5% polyacrylamide gels. Proteins were 
stained with Coomassie brilliant blue R-250. 

Immunoblotting analysis. Antibodies against rat 

GST l-1,2-2,3-3 and 4-4 were prepared as previously 
described [ 141. Specific anti-rat GST-P(7-7) rabbit 
antibody was kindly provided by Professor Dr. K. 
Sato, Hirosaki University School of Medicine, 
Japan. Western blot analysis was carried out as 
described previously [15]. 

Immunohistochemical examination. Liver tissues 
of adult male beagle dog were fixed in 10% buffered 
formalin and then dehydrated in a graded ethanol 
series, and embedded in paraffin. The sections in 
thicknesses of 4ym were cut, deparaffinized, and 
processed to ethanol as in routine processing. The 
sections were stained by the method of avidin- 
biotin-peroxidase complex [16] using anti-GST anti- 
bodies and were counterstained with hematoxylin. 

Protein determination. Protein content was deter- 
mined according to the method of Lowry et af. [17] 
or the Coomassie blue G-250 dye binding assay of 
Bradford [18] with bovine serum albumin as a 
standard. 

RESULTS 

Table 1 shows the substrate specificity of liver GST 
activity in rats and dog. When compared to rat liver 
GST activity, dog liver GST was found to have much 
higher activity towards DCNB and ethacrynic acid, 
while little activity was detected when trans-4- 
phenyl-3-buten-2-one and 1 ,Zepoxy-3-(p-nitro- 
phenoxy)propane were used as substrates. 

The analysis by SDS-PAGE and immunoblotting 
of dog liver GSTs is represented in Fig. 1. The GST 
fraction purified by affinity column chromatography 
displayed three subunits, but was clearly distinct 
from rat liver GST in their apparent subunit mol- 
ecular weights. They were tentatively named Ydl, 
Yd2, Yd3 in the order of their increasing molecular 
weights. The subunit Ydl was a little smaller than 
subunit 1, and Yd2 was between subunit 1 and sub- 
units 314, and Yd3 was between subunits 314. and 
subunit 2. They gave an apparent molecular weight 
being smaller by about 500 daltons compared to 
rat subunits 1 (molwt 26,500), 3/4 (27,500) and 2 
(28,500). The immunological examination with 
Western blot revealed that Ydl, Yd2 and Yd3 were 
immunochemically-associated with rat GST subunits 
7, 1 and 3, respectively, and no cross-reactivity was 
observed between dog GSTs and antisera raised 

Table 1. Comparison of glutathione S-transferase activities in liver cytosol of dog and rat 

Substrate 
Dog 

(N = 3) 
Rat 

(N = 4) 

1-Chloro-2,4-dinitrobenzene 
(pmol/min/mg) 

1,2-Dichloro-4-nitrobenzene 
(nmole/min/mg) 

Ethacrynic acid 
(nmole/min/mg) 

trans-4-Phenyl-3-buten-2-one 
(nmole/min/mg) 

1,2-Epoxy-3-(p-nitrophenoxy)propane 
(nmole/min/mg) 

0.963 % 0.047 1.250 -r- 0.058 

115.0 2 5.13 66.6 ? 2.3 

32.5 + 3.1 19.2 k 0.7 

co.09 6.89 -c 0.34 

ND 55.2 * 8.0 

ND, not detected. Values represent mean k SEM. 
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Fig. 1. SDS-polyacrylamide gel electrophoresis (a) and 
Western blot analysis (b) of dog liver glutathione S- 
transferases. Lane 1, marker proteins for molecular weight 
determination (products of Pharmacia Fine Chemicals: 
phosphorylase b, 94K; bovine serum albumin, 67K; oval- 
bumin, 43K; carbonic anhydrase, 30K; soybean trypsin 
inhibitor, 20.1K; a-lactalbumin, 14.4K); 2, mixture of rat 
GST subunits Ya(l), Yb1(3)/Yb2(4) and Yc(2) bands; 3, 
dog cytosol (1Opg); 4, transferases (1 ,ug) obtained from 
the GSH-affinity column. Gels (lanes 5-9) to which similar 
amounts of GSTs (200 ng) obtained from affinity column 
had been applied were blotted to nitrocellulose membrane. 
Each nitrocellulose membrane of lanes 5-9 was incubated 
with antibodies raised against rat liver GSTs: Lane 5, anti- 
GST 1-1; 6, anti-GST 2-2; 7, anti-GST 3-3; 8, anti-GST 4- 
4; 9, anti-GST 7-7. Staining was achieved as described 

previously [ 151. 

against the rat GST 2-2 and 4-4 (Fig. lb). 
The separation of dog liver GSTs obtained from 

affinity chromatography was carried out by chro- 
matofocusing with PBE 94 (pH7-4). The elution 
profile was shown in Fig. 2. Four peaks of GST 
activities towards CDNB were revealed and des- 
ignated as GST-I, II, III and IV in the order of 
lowering pH. GST-I eluted in flowthrough fraction 
may be a basic isozyme, and GST-II to IV fractions 
were neutral and acidic isozymes, in which each peak 
was eluted at pH 6.92, 5.80 and 5.65, respectively. 
The total recovery of the GST activities of these four 

fractions was about 72% and each fraction from 
GST-I to IV was recovered 19%, 57%, 19% and 
4% in that order, respectively. The peak of GST-I 
fraction showed only Yd2 subunit, while GST-II to 
IV possessed Ydl subunit, but not Yd2 subunit. The 
Yd2 was a major subunit on SDS-PAGE as shown 
in Fig. 1, but this is not necessarily the case in 
the activity of every GST fraction after chromato- 
focusing. 

Table 2 shows the substrate specificities of GST-I 
to IV in dog liver GSTs. GST activity towards five 
substrates was clearly distinct amoung four fractions. 
The CDNB activity was almost the same in GST-II 
to IV, but not in GST-I, having a low activity. The 
neutral and acidic isozymes, II, III and IV, were 
found to retain their much higher catalytic functional 
activity with ethacrynic acid than did GST-I. The 
glutathione peroxidase activity with cumene hydro- 
peroxide was the highest in GST-I fraction and the 
lowest in IV fraction. The activity towards truns-C 
phenyl-3-buten-2-one was, however, about lo-fold 
higher in GST-IV fraction than in I fraction. 

Immunoblotting demonstrates that the Ydl sub- 
unit of GST-II, III and IV was clearly immuno- 
reactive with anti-GST-P(7-7) antibody and closely 
associated with subunit 7 (Fig. 3). These results 
indicate that GSTs, which have subunit 7, are a 
major species in dog liver. 

The localization of dog liver GST was investigated 
immunohistochemically using the polyclonal anti- 
bodies raised against GST l-l, 2-2, 3-3, 4-4 and 7-7. 
The results are summarised in Table 3. The liver 
lobule was stained against anti-GST 7-7, l-l, 2-2, and 
3-3 antibodies, but negative with GST 4-4 antiserum. 
The staining intensity of the cytoplasm was most 
marked in GST 7-7, followed by GST 3-3 and GST 
l-1 or 2-2. In addition, GST 7-7 diffusely distributed 
throughout the cytoplasm, but GST 3-3 localized in 
the central zone of the hepatic lobule. 

DISCUSSION 

Dog and rat liver GST were significantly different 
from each other in their substrate specificities, SDS- 
PAGE pattern and immunological properties. Dog 
liver GSTs have a high activity in the conjugation of 
DCNB and ethacrynic acid. The DCNB and etha- 
crynic acid are known to be good substrates for 
subunits 3 and 7, respectively [19]. The abundance 
of these subunits 3 and 7 in dog liver was ascertained 
by their immunohistochemical distribution. Immu- 

Table 2. Substrate specificities of dog liver glutathione S-transferases 

Specific activity (ymol min-’ mg-‘) 

Substrate 

1-Chloro-2,4-dinitrobenzene 
1,2-Dichloro-4-nitrobenzene 
Ethacrynic acid 
rrans-4-Phenyl-3-buten-2-one 
Cumene hydroperoxide 

ND, not detectable. 

I II III IV 

4.02 15.05 17.97 12.50 
0.009 ND ND ND 
0.06 1.52 2.32 1.36 
0.002 0.008 0.019 0.028 
2.10 0.44 0.19 0.03 
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Fig. 2. Chromatofocusing profile of dog liver glutathione S-transferases from the glutathione affinity 
column. The inset shows the SDS-PAGE of each fraction as indicated. 

nohistochemical localization of GSTs present in nor- 
mal dog liver showed GST 7-7 and GST 3-3 related 
isozymes to be localized diffusely and pericentrally, 
respectively. Redick et al. [20] have demonstrated 
that in normal rat liver GST 1-2, 3-4 and 5-5 are not 
distributed uniformly throughout the liver lobule and 
that each GST is localized in the greatest con- 
centration within the centrilobular region of the 
lobule. Later, Wolf et al. [21] also reported that GST 
3-4 was concentrated in a narrow area around the 

Yd3 
/ ,Yd2 

- - eYd1 

1234 56 

Fig. 3. Western blot analysis of dog liver GST-I, II, III and 
IV using anti-GST 7-7 antibody. Lane 1, mixture of subunits 
Ya(l), Yb1(3)/Yb2(4) and Yc(2); 2, GSTs (2OOng) after 
affinity column; 3, 4, 5 and 6, GST-I, II, III and IV, 

respectively, each 200 ng of protein. 

central vein, while GST l-2 were distributed in a 
large centrilobular area. 

Dog livers have apparently three GST subunits, 
which all migrated to different positions from rat 
GSTs on SDS-PAGE. The GSTs in dog liver cytosol 
have been separated into four fractions by 
chromatofocusing. Differences between the four 
forms are manifested in substrate specificities and 
isoelectric points. Dog neutral and acidic GST forms, 
II, III and IV, were all closely immunologically 
related to rat GST subunit 7, thus strongly suggesting 
the heterogeneity of GST 7-7-related isozymes in 
dog liver. The present study also demonstrates that 
neutral and acidic isozymes represent the major com- 
ponent of total conjugating activity in dog liver. To 
our knowledge, this is the original paper to dem- 
onstrate the presence of isozymes immunoreacted 
with GST 7-7 in normal dog liver, while Roomi et al. 
[22] have demonstrated that dog liver cytosol gave a 
weak band on Ouchterlony double immunodiffusion 
analysis using anti-GST-P antibody. The GST 7-7 is 
almost undetectable in normal rat liver, and as far 
as liver GSTs are concerned, only mouse liver has, 
up to now, been demonstrated to have GST 7-7 
[23,24]. Transferase 7-7 was also isolated from rat 
lung [25] and kidney [26], and hyperplastic nodules 
in rat liver [27]. The mouse GST MI1 (pH 8.9), rat 
GST 7-7 (~17.0) and the human GST n (p1 4.8) all 
have been proposed by Mannervik et al. [4] to be 
same pi groups. 

The present study also suggests that GST 4-4 is 
not a major form available in dog liver. The species 
lacking a particular form of GST may be more 
susceptibile to toxicant injuries. The GST 4-4 has 
been reported to be the most active isozyme ident- 
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Table 3. lmmunohistochemical staining of the beagle dog liver against anti-GST antibodies 
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Hepatocytes 

Cytoplasm Nucleus Erythrocytes 

Epithelium 
cells of the 
bile ducts 

Epithelium of the gall 
bladder 

Cytoplasm Nucleus 

GST 7-7 ++ ? + + + -I- 

l-l t + -I- - + + 

2-2 * f + - + + 

3-3 +a (+h) + + + + + 

4-4 - _ _ _ _ _ 

Remarks: -, negative; 2. slight; +, moderate: t +, marked. a, central zone; b, periportal zone. 

ified in the GSH conjugation of (k)-7/3,8c~-dihy- 
droxy -9a- lo&- oxy - 7,8,9,10 - tetrahydrobenzo(a) 
pyrene(( k)-anti-BPDE) [29]. However, GST7-7 has 
recently been demonstrated to have 7-fold greater 
activity with (k)-anti-BPDE than GST 4-4 [28]. The 
presence of GST 7-7 in dog liver might therefore 
partially compensate for the lower overall GST 4-4 
activity of dog liver. Further investigations on the 
dog liver GST isozymes are now in progress in this 
laboratory. 

7. Kodate C, Fukushi A, Narita T, Kudo H, Soma Y 
and Sato K, Human placental form of glutathione S- 
transferase (GST-lr) as a new immunohistochemical 
marker for human colonic carcinoma. Jpn J Cancer 
ResfGann) 77: 226-229, 1986. 

8. Wiener H, Heterogeneity of dog-liver glutathione S- 
transferases: evidence for a unique temperature depen- 
dence of the catalytic process. EurJ Biochem 157: 351- 
363, 1986. 

Since GST is an important enzyme for the detox- 
ification of xenobiotics, the drastic species dif- 
ferences in substrate specificity of this enzyme system 
may become an important concern in choosing a 
laboratory animal for the evaluation of biochemical 
transformation and toxicity (or carcinogenesis) of 
xenobiotics. 

9. Habig WH, Pabst MJ and Jakoby WB, Glutathione S- 
transferases: the first enzymatic step in mercapturic 
acid formation. J Biol Chem 249: 7130-7139, 1974. 

10. Lawrence RA and Burk RF, Glutathione peroxidase 
activity in selenium-deficient rat liver. Biochem 
Biophys Res Commun 71: 952-958, 1976. 

11. Simons PC and Vander Jagt DL, Purification of 
glutathione S-transferases from human liver by 
glutathione-affinity chromatography. Anal Biochem 
82: 334-341, 1977. 

Acknowledgement-The authors sincerely thank Professor 
Kiyomi Sato of Hirosaki University School of Medicine 
for the generous gift of the specific GST-P(7-7) rabbit 
antiserum. 

12. Koskelo K, Valmet E and Tenhunen R, Purification 
and characterization of an acid glutathione S-trans- 
ferase from human lung. Stand J Clin Lab Inoest 41: 
683-689, 1981. 

13. Laemmli UK, Cleavage of structural proteins during 
the assembly of the head of bacteriophage T4. Nature 
(Land) 227: 680-685, 1979. 

REFERENCES 

I. Jakoby WB and Habig WH, Glutathione transferase. 
In: Enzymatic Basis of Detoxication, Vol. 2 (Ed. 
Jakoby WB), pp. 63-94. Academic Press, New York, 
1980. 

14. lgarashi T, Satoh T, lwashita K, Ono S, Ueno K and 
Kitagawa H, Sex difference in subunit composition of 
hepatic glutathione S-transferase in rats. J Biochem 98: 
117-123, 1985. 

2. Ketterer B, Detoxication reactions of glutathione and 
glutathione transferases. Xenobiorica 16: 957-973, 
1986. 

3. Jensson H, Guthenberg C, Alin P and Mannervik B, 
Rat glutathione transferase 8-8, an enzyme efficiently 
detoxifying 4-hydroxyalk-2-enals. FEB.5 Lett 203; 207- 
209.1986. 

15. Igarashi T, Muramatsu H, Ohmori S, Ueno K, Kita- 
gawa H and Satoh T, Plasma glutathione S-transferase 
in carbon tetrachloride treated rats and its association 
to hepatic cytosolic isozymes. Jap J Pharmacol46: 21 l- 
216, 1988. 

4. Mannervik B, Alin P, Guthenberg C. Jensson H, Tahir 
MK, Warholm M and Jornvall H, Identification of three 
classes of cytosolic glutathione transferase common to 
several mammalian species: correlation between struc- 
tural data and enzymatic properties. Proc NatI Acad 
Sci USA 82: 7202-7206, 1985. 

16. Hsu S-M, Raine L and Fanger H, Use of avidin-biotin- 
peroxidase complex (ABC) in immunoperoxidase tech- 
niques: a comparison between ABC and unlabeled 
antibody (PAP) procedures. J Histochem Cyrochem 29: 
577-580, 1981. 

17. Lowry OH, Rosebrough NJ, Farr AL and Randall RL. 
Protein measurement with Folin phenol reagent. J Biol 
Chem 193: 265-275, 1951. 

5. Sato K, Kitahara A, Satoh K, Ishikawa T, Tatematsu 
M and Ito N, The placental form of glutathione S- 
transferase as a new marker protein for preneoplasia 
in rat chemical hepatocarcinogenesis. Gann 75: 199- 
202, 1984. 

18. Bradford MM, A rapid and sensitive method for the 
quantitation of microgram quantities of protein util- 
izing the principle of protein-dye binding. Anal Bio- 
them 72: 248254, 1976. 

6. Moore MA, Satoh K, Kitahara A, Sato K and Ito N, 
A protein cross-reacting immunohistochemically with 
rat glutathione S-transferase placental form as a marker 
for preneoplasia in Syrian hamster pancreatic and 
hepatocarcinogenesis. /pn J Cancer Res(Gann) 76: l- 
4, 1985. 

19. Mannervik B. The isozymes of glutathione transferase. 
Ado Enzymol Relat Areas Mel Biol57: 357-417. 1985. 

20. Redick JA, Jakoby WB and Baron J, Immuno- 
histochemical localization of glutathione S-transferases 
in liver of untreated rats. J Biol Chem 257: l5200- 
15203. 1982. 

21. Wolf CR, Moll E, Friedberg T, Oesch F, Buchmann 
A, Kuhlmann WD and Kunz HW, Characterization, 



4718 T. IGARASHI et al. 

localization and regulation of a novel phenobarbital- 
inducible form of cytochrome P-450, compared with 
three further P-450-isoenzymes, NADPH P-450- 
reductase, glutathione transferases and microsomal 
epoxide hydrolase. Carcinogenesis 5: 993-1001, 1984. 

22. Roomi MW, Satoh K, Sato K and Farber E, Natural 
distribution of placental glutathione S-transferase and 
its modulation by chemicals. Fed Proc 44: 521, 1985. 

23. Hatayama I, Satoh K and Sato K, Developmental and 
hormonal regulation of the major form of hepatic 
glutathione S-transferase in male mice. Biochem 
Biophys Res Commun 140: 581-588, 1986. 

24. McLellan LI and Hayes JD, Sex-specific constitutive 
expression of the pre-neoplastic marker glutathione S- 
transferase. YfYf. in mouse liver. Biochem J 245: 399- 
406, 1987. 

25. Robertson IGC, Jensson H, Guthenberg C, Tahir MK, 
Jernstrom B and Mannervik B, Differences in the 
occurrence of glutathione transferase isozymes in rat 
lung and liver. Biochem Biophys Res Commun 127: 
80-86, 1985. 

26. Guthenberg C, Jensson H, Nystrom L, Osterlund E, 

Tahir MK and Mannervik B, Isoenzymes of glutathione 
transferase in rat kidney cytosol. Biochem J 230: 609- 
615, 1985. 

27. Satoh K, Kitahara A, Soma Y, Inaba Y, Hatayama 
and Sato K, Purification, induction and distribution of 
placental glutathione transferase: a new marker 
enzyme for preneoplastic cells in the rat chemical 
hepatocarcinogenesis. Proc Nat1 Acad Sci U.S.A. 82: 
3964-3968, 1985. 

28. Jernstrom B, Martinez M, Meyer DJ and Ketterer 
B, Glutathione conjugation of the carcinogenic and 
mutagenic electrophile (+)-7P,8rr-dihydroxy-9tr,lOa- 
oxy-7,8,9,10-tetrahydrobenzo(a)pyrene catalyzed by 
purified rat liver glutathione transferases. Carcino- 
genesis 6: 85-89, 1985. 

29. Robertson IGC, Jensson H, Mannervik B and 
Jernstriim B, Glutathione transferases in rat lung: the 
nresence of transferase 7-7, highly efficient in the 
conjugation of glutathione with the carcinogenic- 
(+)-76. 8o-dihvdroxv-9cu. lOa-oxv-7,8.9,10-tetra- 
hydrdbknzo(a)pyrene. . CarcinogenesL 7: 295-299, 
1986. 


