
Arrhenius plots of temperature dependence of ATPase activity of SR membranes in HChE and 
of proteoliposomes reconstituted from these membranes are illustrated in Fig. 3. It will be 
clear from Fig. 3 that replacement of the native lipid environment of Ca-ATPase by OL did not 
restore the normal character of the graph of temperatre dependence of activity, i~ did not 
shift the kink into the low-temperature region (20~ as is characteristic of proteoliposomes 
and SR membranes of control animals [3]. 

The results thus show that modification of the temperature dependence of Ca-ATPase activ- 
ity in HChE is connected with changes in the polypeptide which performs the catalytic func- 
tion and is not the result of a change in the phospholipid environment of the enzyme. 
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MONOCLONAL ANTIBODY STUDY OF CYTOCHROME P-450 ISOFORMS IN THE LIVER 

OF RATS TREATED WITH PHENOBARBITAL, 3-METHYLCHOL~NTHRENE, AND AROCLOR 1254 

A. Yu. Kolyada UDC 612.351.ii:577.152~i12]. 
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Cytochrome P-450, the terminal stage in the enzyme system oxidizing various exonobiotics 
(including drugs, carcinogens, and so on), is found in the body as a family of isoforms. As a 
result of introduction of various inducing agents into the body, different isoforms of cyto- 
chrome P-450 are synthesized. The distribution of these isoforms in the tissues of the body 
varies [12], and the isoforms themselves differ from each other in different tissues [i0]. The 
distribution of these isoforms among the cellmof an Organ also is not uniform [2]. 

This paper describes an attempt to discover, with the aid of three types of monoclonal 
antibodies, the distribution of certain isoforms of cytochrome P-450 in the liver of rats 
treated with various inducers. 

EXPERIMENTAL METHOD 

BaLB/c mice were immunized with cytochrome P-450 isolated from the liver of male Wistar 
rats. The rats were treated beforehand with phenobarbital in a dose of 70 mg/kg body weight 
or 3-methylcholanthrene in a dose of 40 mg/kg body weight. Cytochrome P-450 was isolated by 
the method in [7]; the procedure stopped at the first stage of purification (i.e., at precip- 
itation with ammonium sulfate). Spleen cells of immune mice were fused with myeloma cells of 
strain P3-X-63 Ag 8.653 by the standard method [3]. The resulting clones were analyzed for 
the presence of staining on sections of rat liver by the im~unofluorescence method. Paraffin 
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Fig. i. Immunoblotting study of microsomal preparations stained with monoclonal an- 
tibodies to cytochrome P-450. i) Liver microsomes from intact rat; 2)liver micro- 
somes from rat treated with phenobarbital; 3) liver microsomes from rat treated with 
aroclor 1254; 4) liver microsomes from rat treated with 3-methylcholanthrene. M) 
Markers of molecular weights, a) Gel strained with Coomassie G-250; b) filter 
stained with CP-6A7 antibodies, c) filter stained with CP-2D5 antibodies, d) with 
CP-2F2 antibodies, e) with CP-3A2 antibodies, �9 f) with CP-IIE4 antibodies, g) with 
CP-12CI0 antibodies, h) with CP-13A10 antibodies. Filters stained by the two-layer 
method: monoclonal mouse antibodies § rabbit antibodies to mouse y,globulins, con- 
jugated with peroxidase. Black stripes on gel (a) stained with Coomassie G-250 in- 
dicate part of gel an impression of which is�9 in each of the seven filters 
stained with monoclonal antibodies (B-K). Numbers on left show molecular weights 
(in kilodaltons). 

sections were stained by the method described previously [i]. To test clones obtained from 
mice immunized with cytochrome P-450 from the liver of rats treated beforehand with phenobar- 
bital, sections also from the liver of rats treated with phenobarbital were used. To test 
clones obtained from mice immunized with cytochrome P-450 from the liver os rats treated be- 
forehand with 3-methylcholanthrene, sections from the liver of rats also treated with 3-meth- 
ylcholanthrene were used. Clones whose antibodies did not change the nuclei of the hepato- 
cytes, but stained their cytoplasm intensely, and which also stained hepatocytes located near 
the central veins more strongly than those near the portal veins, were selected. The selected 
clones were recloned twice. For electrophoresis in a polyacrylamide gradient gel (7-15%) in 
the presence of sodium dodecylsulfate,�9 the system described in [5] was used. Immunoblots [14] 
were stained by antibodies against mouse y-globulins, conjugated with peroxidase. 

To Obtain preparatlons of microsomes and liver sections Wistar rats were used. The fol- 
lowing substances were injected into the rats: phenobarbital (from Serva, West Germany)in a 
single dose of 80 mg/kg i day before sacrifice, 3-methylcholanthrene (from Fluka, Switzer- 
land) in a Single dose of 20 mg/kg 2 days before sacrifice, aroelor 1254 (from Analabs) in a 
single dose of 500 mg/kg 4 days before sacrifice, pregnenalone-carbonitrile (from Searle, 
England) in a dose of 80 mg/kg daily for 3 days before sacrifice, imidazole (from Sigma, USA) 
in a dose of 200 mg/kg daily for 3 days before sacrifice, and B-naphthoflavone (from Sigma) 
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Fig. 2. Immunoblotting study of microsomal preparations 
stained with monoclonal antibodies to cytochrome P-450. i) 
Liver microsomes from rats treated with imidazole, 2) with 
phenobarbital, 3) with pregnenalone-carbonitrile (PCN), 4) 
with B-naphthoflavone, 5) with 3,methylcholanthrene. a) 
Filter stained with antibodies CP-6A7 + CP-IIE4; b) filter 
stained with CP-2F2, c) filter stained with CP-IIE4. 

in a dose of 80 mg/kg daily for 3 days before sacrifice. All substances were injected intra- 
peritoneally: phenobarbital and imidazole in physiological saline, the rest in sunflower oil. 
Cytochrome P-450 was detected in the sections by the indirect immunofluorescence method using 
antibodies against mouse y-globulins, labeled with fluorescein isothiocyanate. 

EXPERIMENTAL RESULTS 

Altogether nine clones reacting in the immunoblotting method were obtained~ Seven of 
these nine clones are described in this paper. Four clones, obtained by fusion of the spleen 
from a mouse immunized with cytochrome P-450 from a rat treated with phenobarbital (CP-6A7, 
CP-2D5, CP-2F2, and CP-3A2), reacted in the immunob!otting method as follows (Fig. i). 

Antibodies of the first two of these clones evidently reacted with two proteins with mol. 
wt. of about 50 kilodaltons (kD) in microsomes of rats induced with phenobarbital or aroclor 
1254. These antibodies reacted weakly with microsomes from the liver of rats treated with 3- 
methylcholanthrene, or from intact animals. Antibodies of the second group (CP-2F2 and CP- 
3A2) also stained these two bands, and in addition, one other band of a protein with lower 
molecular weight, which was contained in all the antigens used (Fig. i). 

Three other positive clones were obtained on fusion of the spleen of a mouse immunized 
with cytochrome P-450 of a rat treated with 3-methylcholanthrene (CP-IIE4, CP-12CI0, and CP- 
13AI0). They all stained two bands also; mol. wt. of the lighter of them, moreover, coincided 
with mol. wt. of the heaviest of the bands stained by the previous four clones. The second 
band stained by these three clones belonged to a protein with mol. wt.a little higher still 
(see Figs. 1 and 2). These two bands appeared only in microsomes of rats treated with 3-meth- 
ylcholanthrene or with aroclor 1254. Even when tracks from microsomes of normal rats, over- 
loaded with protein, were used for immunohistochemical staining, these bands could not be 
detected (data not given). 

Comparison with data in the literature [4-9] indicates that the first two clones (CP-6A7 
and CP-2D5) evidently react with an antigenic determinant common for isoforms P-450. and P- 

D 
450PB/PCN-E (mol. wt. 50 and 52 kD, respectively), and the two next clones (CP-2F2 and CP-3A2) 
with P-450a, P-450b, and P-450PB/PCN-E (mol. wt. 48.5, 50, and 52 kD, respectively). The last 
three clones (CP-IIE4, CP-12CI0, and CP-13AIO) react with P-450 and P-450 d (mol. wt. 54 and 
51 kD). Values of mol. wt. are taken from [4]. The antibodiesCof the last group which we ob- 
tained are evidently analogous to three clones obtained by Thomas eta!. [13], which cross- 
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Fig. 3. Staining of liver sections with monoclonal antibodies to cytochrome P-450 
by the indirect immunofluorescence method, a-h) Liver sections from rat receiving 
aroclor 1254; i) liver section from intact rat. a) Staining with antibodies of clone 
CP-6A7, b) CP-2D5, c) CP-2F2, d, i) CP-3A2, e) CP-IIE4, f) CP-12CI0, g) P-13AI0, h) 
control, culture medium from myeloma X-63. 300 • 

react with P-450 and P-450 d. By using additional antigens, such as liver microsomes from 
rats induced wit~ pregnenalone-carbonitrile (PCN), it was in fact possible to obtain a band 
staining with antibodies CP-6A7, CP-2D5, CP-2F2, and CP-3A2, and equal in molecular weight to 
the heaviest band in the microsomes of rats treated with phenobarbital (Fig. 2). By using 
microsomes from rats treated with B-naphthoflavone, it was possible to obtain the same bands 
on immunoblotting as when microsomes from rats treated with 3-methylcholanthrene were used 
(Fig. 2). The use of microsomes from rats treated with imidazole showed that the antibodies 
obtained do not react with isoforms induced by this substance. The isoform which we inter- 
preted as P-450PB/PCN-E, according to our data, has two common antigenic determinants with 
P-450b and one with P-450a, which is in poor agreement with data indicating that the m~NA of 
this isoform does not hybridize with genes of P-450 isoforms: of the phenobarbital family [ii]. 

The results of immunohistochemical staining of liver sections from a rat treated with 
aroclor 1254, with the aid of the antibodies which we obtained, are given in Fig. 3. All these 
antibodies stained hepatocytes near the central veins more strongly than those near the portal 
veins. Incidentally, the gradient of staining appeared much brighter for isoforms induced 
with phenobarbital than for isoforms induced by 3-methylcholanthrene. Staining was observed 
in the liver of intact rats on account of interaction of CP-2F2 or CP-3A2 antibodies with P- 
450 a (Fig. i). Cells near the central veins were stained (Fig. 3). 
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STATE OF THE HEPATIC CYTOCHROME P-450 SYSTEM IN RATS VARIOUSLY PREDISPOSED 

TO EXPERIMENTAL ALCOHOLISM 
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Chronic administration of ethanol tO experimental animals is known to increase the in- 
tensity of metabolism not only of ethanol itself, but also of othe~ xenobiotics of the micro- 
somal fraction of the liver, in these animals [4]. However, information in the literature 
does not answer the question whether these changes in metabolism are the result of differences 
in the initial reactivity of the liver microsomes or whether they are secondary in character 
and are caused by chronic alcoholization. 

It was accordingly decided to study activity of the cytochrome P-450-dependent mono- 
oxygenase system of the liver in animals selected on the basis of the strength of their initial 
alcohol motivation without contact with ethanol, and also the dynamics of cytochrome P-450 ac- 
tivity during voluntary alcoholization for I0 days. 

EXPERIMENTAL METHOD 

Experiments were carried out on 44 noninbred male rats weighing 250-300 g. Predisposition 
to the development of experimentalalcoholism Was estimated by measuring the total time of im- 
mobilization (TTI) in a compulsory swimming test, by the method suggested by the writers prev- 
iously [2]. Animals with a TTI of under 140 sec-were classified as not predisposed to develop 
experimental alcoholism, those with a TTI of over 300 sec as animals predisposed to develop 
this experimental pathology. Thus, for the experiments 22 rats predisposed (TTI 308.3 • 5.4 
sec) and 22 rats not predisposed (TTI 130.0 • 10.8 sec) to develop experimental alcoholism 
were selected for the experiments. Activity of the mono-oxygenase system of the liver was 
studied in some animals (ii from each group) after contact for I0 days with alcohol in indiv- 
idual cages measuring 40 x 12 x 15 cm, equipped with graduated bowls containing water and 15% 
ethanol solution. Biochemical investigations on the remaining animals were carried out after 
they had been kept under similar conditions for i0 days, but without contact with alcohol. The 
animals received food ad lib. 

The state of the cytochrome P-450-dependent mono-oxygenase system of the liver was deter- 
mined as follows. The animals were killed 24 h after withdrawal of ethanol. The microsomal 
fraction was obtained from liver homogenate of the experimental animals by differential cen- 
trifugation [5]. The protein concentration of the microsomes was determined by a modified 
Lowry's method [6]. The state of the hydroxylating complex was assessed from the content of 
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