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SUMMARY

Monoclonal antibodies were prepared from hybridoma clones isolated by the fusion of

myeloma cells and spleen cells derived from mice immunized with either purified rabbit
liver microsomal cytochrome P-4SOLM2 or cytochrome P-4SOLM4. Seven hybridoma clones
produced three kinds of monoclonal antibodies to P-450i.M2. The first class bound,
precipitated, and inhibited the enzyme activity of P-4SOLM2 for both benzo[a]pyrene
hydroxylation and 7-ethoxycoumarmn deethylation. The other two classes either bound
and precipitated or only bound the enzyme. These monoclonal antibodies to P-4SOLM2

showed a precipitin reaction and inhibition of enzyme activity that was specific for
cytochrome P-4SOLM2. Thus, they did not react with or inhibit the enzyme activity of the
other isozyme cytochrome P-450i�M4, Fraction 1 or Fraction 7. All of the monoclonal
antibodies formed against P-450j.�M2 were mouse immunoglobulin (Ig) subclass IgG1. The

most effective monoclonal antibody strongly inhibited the formation of oxygenated
metabolites of benzo[a]pyrene at various positions as well as the deethylation of 7-

ethoxycoumarin. Four hybridomas were isolated which produced monoclonal antibodies
to P-4SOLM4. One of the four was of the 1gM class and three were of the IgG1 type. The
four monoclonal antibodies bound to P-4SOLM4 but did not precipitate the enzyme, and
did not bind to P-4SOLM2. The monoclonal antibody P-450j..M4 complexes interacted with
protein A, and the enzyme activity for benzo[a]pyrene hydroxylation could be removed
by centrifugation. The high specificity and monoclonality of these antibodies suggest
their potential usefulness for studying the genetics, regulation, and roles of the different
isozymes of P-4SOLM in drug and carcinogen metabolism.

INTRODUCTION

The key enzyme systems that metabolize xenobiotics,

including drugs, carcinogens, and certain endogenous
substrates such as steroids, are the mixed-function oxi-
dases which contain various forms of cytochrome P-450
(1-3). The mixed-function oxidases thus represent the

primary metabolic interface between environmental
chemicals, including carcinogens and the individual or-

ganisms. In this role, these enzyme systems may be the
key determinants in individuals of the rates of drug

metabolism (2), carcinogen susceptibility (3-5), and drug

and chemical toxicity.
A major class of environmental carcinogens to which

humans are exposed comprises the polycydic aromatic
hydrocarbons, the most common and a prototype of
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which is BP3 (6). BP is oxygenated by the cytochrome
P-450-containing mixed-function oxidase, AHH, to 5ev-
eral epoxides, phenols, and quinones. Metabolically re-
lated enzymes, such as epoxide hydrolases and several
transferases, subsequently hydrate or conjugate the me-
tabolites to dihydrodiols, diol epoxides, and water-soluble
conjugates of glutathione, glucuronate, and sulfate (7).
Thus, there are more than 40 known oxygenated me-
tabolites of BP. The metabolic pathway leading to the
BP diol epoxides is believed to be a primary pathway of
carcinogen activation (7), whereas many of the other

pathways resulting in conjugate formation are thought
to be routes of detoxification.

Following the resolution of the liver microsomal sys-
tem into its components, P-4SOLM, NADPH cytochrome
P-450 reductase, and phospholipid (8), several laborato-

.1 The abbreviations used are: BP, benzo[ajpyrene; AHH, aryl hy-

drocarbon hydroxylase; HPLC, high-pressure liquid chromatography;

PBS, phosphate-buffered saline; RIA, radioimmunoassay; Ig, immu-

noglobulin; BSA, bovine serum albumin; SDS, sodium dodecyl sulfate.
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ries reported the isolation and characterization of differ-

ent forms of cytochrome P-450, as recently reviewed (9,

10). For example, P-450i�M24 and P-450�M4 have been
purified to homogeneity (11-13), as has the constitutive
form, P-4SOLM3b (14), and other forms have been partially
purified from rabbit liver (11). The highly purified
P-4SOLM2, P-4SOLM4, and P-4SOLM3h exhibit different bio-
chemical and kinetic properties (14, 15). Furthermore,
each isozyme of P-450 exhibits stereoselectivity in sub-
strate choice and product formation with respect to both
BP metabolism and the conversion of the (-)-t-7,8-diol
of BP to the highly mutagenic BP 7,8-diol-9,10-epoxides
(16-18). Thus the level and activity of each isozyme of
cytochrome P-450 may govern metabolic pathway choice

and thus be instrumental in determining the balance
between carcinogen activation to carcinogenic forms and
detoxification. This balance may relate to biochemical
individuality to carcinogen susceptibility and to individ-

ual differences in rates of drug metabolism.
Koehler and Milstein (19) have developed the tech-

nique of producing mouse “hybridomas” that secrete
pure and specific monoclonal antibodies against either
purified antigens or mixtures of antigens in either semi-
purified or unfractionated preparations. The clonal selec-
tion and immortality of the hybridoma cell lines repre-
sent a continuous source of antibodies that are monoclo-

nal and specific to single antigenic sites. Using this sys-
tem, we have prepared monoclonal antibodies to purified
rabbit liver cytochrome P-4SOLM2 and P-4SOLM4. Some of
the preliminary results have been reported (20). The
various classes of monoclonal antibodies obtained exhibit

different activities in respect to binding and precipitation

of P-4SOLM2 and P-4SOLM4 and in the inhibition of BP
hydroxylation measured by AHH activity or by HPLC,

and of ethoxycoumarmn deethylation. The antibodies to
P-450�M2 do not interact with or inhibit the activity of
the other isozymes of cytochrome P-450, i.e., Fraction 1,

P-4SOLM4, and Fraction 7. The antibodies to P-4SOLM4 do
not interact with P-4SOLM2. Thus, the monoclonal anti-
bodies show specificity for antigenic sites on the individ-
ual cytochromes which are specific for each form and
may therefore be useful in studying the content, function,

and mechanism of action of the various isozymes of the
P-450s. The preparation of monoclonal antibodies to the
various cytochrome P-450s and metabolically related en-
zymes may be, accordingly, helpful in determining the
genetic and other factors that govern biochemical mdi-
viduality in response to drug and carcinogen action.

EXPERIMENTAL PROCEDURES

Preparation of cytochrome. The various forms of cy-
tochrome P-450 were isolated from rabbit liver micro-
somes. P-4SOLM2 is inducible by phenobarbital but pres-
ent in only trace amounts in microsomes from untreated

or 5,6-benzoflavone-treated rabbits, whereas P-450�M4 is
inducible by 5,6-benzoflavone and is present at a lower

4 The isozymes of rabbit liver microsomal cytochrome P-450 are

numbered according to their electrophoretic mobiities; P-45O1.M2 and

P-450i.M4 are induced by phenobarbital and 5,6-benzoflavone or 3-

methylcholanthrene, isosafrole, or tetrachlorodibenzo-p-dioxin, respec-

tively.

but significant levels in microsomes from uninduced or
drug-induced animals. The other forms of P-4SOLM are
present in all of the microsomal preparations used and

are not known to be inducible. Electrophoretically ho-
mogeneous P-450�M2 (17.5 nmoles/mg of protein) was
isolated from phenobarbital-induced microsomes, and

the two P-4SOLM4 preparations (14.0 and 12.9 nmoles/mg
of protein, respectively) were isolated from phenobarbital
and 5,6-benzoflavone-induced microsomes ( 12, 13) . Par-
tially purified Fraction 1 (2.2 nmoles/mg of protein) was
obtained from phenobarbital-induced microsomes, and
Fraction 7 (1.2 nmoles/mg of protein) was obtained from

microsomes of untreated animals (1 1, 21). Since the
fractions tentatively called P-4S0i�M1 and P-4SOLM7 earlier
( 16, 18) lose all heme on extensive purification, some
doubt remains whether the activity is indeed due to such
cytochromes; in the present paper we are referring to

these preparations simply as Fraction 1 and Fraction 7,

respectively. Owing to heme loss, the cytochrome prep-
arations contain varying amounts of apoenzyme, which
is not distinguishable from the holoenzyme upon gel
electrophoresis. Partially purified NADPH-cytochrome

P-450 reductase from phenobarbital-induced rabbit liver
microsomes (22) had a specific activity toward cyto-
chrome c at 30#{176}of 7.4-17.0 �imoles reduced per minute
per mffligram of protein and was entirely free of P-45OLM.

Dilauroylglyceryl-3-phosphorylcholine was obtained

from Serdary Research Laboratories (London, Ont., Can-
ada).

Media and cells. Dulbecco’s modified Eagle’s medium,
fetal calf serum, and horse serum were purchased from

Grand Island Biological Company (Grand Island, N. Y.).
The myeloma cell line RGNS-1, which was azaguanine-
resistant and a nonproducer of immunoglobin, was ob-
tamed from Dr. John D. Minna (National Cancer Insti-
tute, Bethesda, Md.) and grown in Dulbecco’s modified
Eagle’s medium with 4.5 g of glucose per liter and 0.584

g of glutamine per liter supplemented with 10% fetal calf
serum, 10% horse serum and gentamicin, 50 �ig/ml (com-
plete medium). Mouse spleen myeloma hybridomas were
grown in complete medium containing 100 ��tM hypoxan-

thine, 0.4 /.tM aminopterin, and 16 !iM thymidine (HAT
medium) (23). Dulbecco’s modified Eagle’s medium with
1.0 g of glucose per liter plus 10 m� 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (pH 7.4) was used as the
washing medium in the preparation of the hybridomas.

Immunization ofmice andpreparation ofmouse sera.

Eleven-week-old female BALB/c mice were immunized
by i.p. injections every week for a period of 4 weeks with
12 j�g of purified P-4SOLM2 or P-45OLM4 emulsified in 0.2
ml of Freund’s complete adjuvant. The following week
they were further immunized by an i.v. injection of 12

;.tg of P-450�M2 or P-45OLM4 in Dulbecco’s PBS, pH 7.4
(Grand Island Biological Company). Three days after the
i.v. injection, five mice were kified in a bag containing

dry ice and the spleens were isolated. Blood was collected
by heart puncture to obtain sera from the immunized
mice. The blood was stored in a 15-mi conical centrifuge

tube at room temperature for 1 hr, then at 4#{176}overnight,
and centrifuged at 1000 x g for 30 mm to obtain the clear
serum. The sera were stored at -90#{176}.
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Production ofhybridoma cells. The fusion of the mye-
loma cells with spleen cells was carried out essentially as
described by Koehler and Milstein (19) except that we
used polyethylene glycol for the fusion (24). The spleens

from five immunized mice were cut into small pieces, and
the cells were dissociated by squeezing the tissue through
a sterile mesh (No. 80) placed over a 50-mi glass centri-
fuge tube and washing the cells with 10 ml of washing
medium. The tube containing the dissociated cells was
kept in ice for 15 mm, and 8 ml of the upper cell

suspension were layered on the top of 2 ml of fetal calf
serum in a 15-mi plastic tube and centrifuged for 10 mm
at 1500 rpm. The cell pellet was resuspended in 2 ml of
0.83% NH4C1-buffered 4-(2-hydroxyethyl)-1-piperazine-
ethanesulfonic acid (pH 7.2) and kept in a 37#{176}water bath
for 2 mm with shaking to break red blood cells. The
NH4C1-treated cells were transferred to a 15-mi conical
plastic centrifuge tube containing 2 ml of fetal calf serum

and centrifuged at 1500 rpm for 10 mm. The cell pellets
were washed twice and resuspended in 5 ml of washing

medium.
For the process of hybridization, 1 x i0�’ RGNS-1 cells

and 1 x 108 spleen cells were combined in a 50-mi plastic
conical centrifuge tube and centrifuged at 1500 rpm for

15 mm. The cell pellets were loosened, and 1 ml of 50%
polyethylene glycol in washing medium, neutralized with
7.5% sodium bicarbonate, was added dropwise to the
mixture of cells during a 1-mm period; the mixture was
diluted gradually with 1 ml and 20 ml of washing medium
during periods of 1 and 4 mm, respectively. The polyeth-

ylene glycol-treated cells were collected by centrifugation
at 1000 rpm for 10 min, suspended in 100 ml of complete
medium, dispensed in 2 ml in each of 48 wells of two
Costar plates, and incubated in the CO2 incubator at 37#{176}
overnight. The following day, 1 ml of the supernatant
fluid was removed from each well and replaced with the
HAT medium. This procedure was repeated for 3 days
with fresh HAT medium added daily. Subsequently, the
HAT medium was changed every 2-3 days. After 2-3
weeks, the wells were scored for the growth of the hy-
bridoma cells by the change of medium color from red to
yellow and by microscopic observation. Antibody pro-
duction into the culture media was measured by RIA.

The cells in the antibody-containing wells were cloned in
HAT medium in 96-well microtiter plates (Costar) and
distributed in a 0.2-mi cell suspension per well with a cell
distribution probability of 0.4 cell in a single well. The

cells grown into clones were transferred to the wells of a
24-well Costar plate and further grown to confirm their

production of monoclonal antibodies. Clones were sub-
cloned to different extents to determine the stability of
the antibody-producing cells.

Preparation of monoclonal antibodies in mouse pen-

toneal ascites fluid. Hybrid cells producing antibodies
were grown in flasks containing HAT or HT medium and

collected by centrifugation, resuspended in PBS, and
inoculated i.p. into BALB/c female mice (5 x 10� cells in
0.2 ml of PBS). After 2-3 weeks, the ascites fluids were
collected with a syringe or by puncturing the abdomen
and clarified as described above for serum.

RIA. Rabbit anti-mouse IgG specific for both heavy
and light chain (Cappel) was labeled with 1251 in a 0.26

ml of reaction mixture containing 100 �tg of rabbit anti-

mouse IgG, 150 �il of 0.5 M phosphate buffer (pH 7.5), 10

zl of 0.5-1 mCi of ‘251-labeled sodium (Amersham), and
0.1 mg of chloramine T for 1 min. The reaction was
stopped by the addition of 200 jil of sodium metabisulfite

solution (12 mg/S ml in 0.05 M phosphate buffer, pH 7.5).
‘25I-Labeled rabbit anti-mouse IgG was separated from

free 1251 by passing the reaction mixture through a 5-mi
column of Dowex 1-X8, chloride form, 200 mesh (Bio-
Rad). The column was pretreated with 1 ml of normal
rabbit IgG (1 mg/mi) to prevent nonspecific binding of

protein to the Dowex resin. After this treatment the
column was washed with 0.15 M NaCl. The fractions of
‘25I-labeled rabbit anti-mouse IgG were pooled and mixed
with equal amounts of PBS containing 3% BSA and 2%
sodium azide (3% BSA/PBS/azide) and stored at 4#{176}.

The solid-phase RIA was carried out with modifica-

tions previously described (25, 26). The wells of a micro-
titer plate (flexible, polyvinyl chloride; Dynatech) were

coated with P-450LM2 or P-4SOLM4 by incubation with 100
p1 of the purified cytochrome in PBS (0.5 mg/mi) for 2
hr at 37#{176}.The remaining nonspecific sites were covered
with BSA by replacing the cytochrome solution with 3%

BSA/PBS/azide and incubating for 30 mm. The wells
were washed with PBS three times, and the cytochrome
P-450 bound to the walls was incubated for 2 hr with the
culture fluids of monoclonal antibodies. The monoclonal
antibodies bound to enzymes were then incubated with

‘25I-labeled rabbit anti-mouse IgG overnight and washed
five times with PBS. The plastic wells were dried and
separated by cutting with a hot wire. The individual wells
were placed in plastic vials, and the radioactivity was
measured in a y counter.

Antibody-cytochnome P-450 incubation. Each dilution
of antibody in 420 �il was mixed with 30 �.tl of P-4SOLM2 (1-

10 �tg of protein) and 50 jd of PBS and incubated at room
temperature for 15 mm with gentle shaking. For enzyme
inhibition assay of the monoclonal antibodies to P-

4SOLM4, the antibody-P-4S0I�M4 mixtures were placed at 4#{176}
overnight, and then for 1 hr with protein A-Sepharose
4B, and subjected to centrifugation at 15,000 x g for 5
mm. The supernatants were used for the determination
of residual enzyme activity.

Measurement of cytochrome P-450 enzyme activity.
Arylhydrocarbon (BP) hydroxylase (AHH) was assayed
with the reconstituted mixed-function oxidase system by
measuring the fluorescence of alkali-extracted phenols

with an Aminco Bowman spectrofluorometer as de-
scribed previously (27). Cytochrome P-450 (1-10 jig of

protein) in 0.5 ml, or 0.5 ml of the incubation mixture of
cytochrome P-450 and ascites fluid, was combined with
0.49 ml of a mixture containing 250 �sl of Tris-HC1 (0.2 M,

pH 8.3), 30 �il of dilauroylglyceryl-3-phosphorylcholine

(1 mg/mI), 30 �il of NADPH-cytochrome P-450 reductase
(3.36 �ig of protein), SO �tl of NADPH (0.17 mg), 30 �il of

MgCl2 (0.1 M), and 100 �il of water. The reaction was
started by the addition of 10 �tl of BP (2 mM). The
incubation was carried out at 37#{176}for 20 mm. Cytochrome
P-450-catalyzed BP metabolism was measured by HPLC
as previously described (16). The same procedure as in

the AHH assay was used to measure the enzyme-cata-
lyzed formation of BP metabolites, except that the sub-
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strate consisted of 50 nmoles of [‘4C]BP in 0.025 ml of
10% tetrahydrofuran and 90% methanol. The reaction
was stopped by the addition of 1.0 ml of acetone at 4#{176},

and the mixture was extracted twice with 2.0 ml of ethyl
acetate. HPLC was performed with a Spectro-Physics
Model 3500 liquid chromatograph with a DuPont Zorbax
octadecyltrimethoxysilane column (6.2 mm inner diam-

eter X 0.25 m) with monitoring at 254 nm. The column
was eluted at a rate of 0.8 ml/min with a linear gradient
from 60% methanol in water to 100% methanol at a sweep
time of45 mm for BP metabolites. Twenty-drop fractions
were collected. For the analysis of BP metabolites, a
mixture of synthetic BP phenols, diols, and quinones was

co-chromatographed with the samples. Cytochrome
P-450-catalyzed 7-ethoxycoumarin deethylation was
measured according to the method of Greenlee and Po-
land (28) except that the substrate was added in metha-
no! (500 nmoles) to the reconstituted enzyme system
described for the AHH assay above.

Double-immunodiffusion analysis. The Ouchterlony
double-immunodiffusion technique was utilized to mea-
sure the presence and nature of the antibodies in the

mouse sera, culture fluids, and ascites fluids. Various
antigen or antibody solutions (20-jd samples) were placed
in disc gel wells (Cappel), incubated at room temperature,
and observed for precipitin bands, which usually ap-
peared after 2-3 days.

Labeling of cells and polyacrylamide gel electropho-

resis. Hybrid cells (0.2-1 x 106 cells) were labeled with 5
�tCi of ‘4C-labeled leucine in 0.2 ml of Dulbecco’s leucine-
free medium (Grand Island Biological Company) con-

taming 5% dialyzed horse serum. After incubation over-
night (14-15 hr at 37#{176}),the cells were pelleted, and
aprotinin (Sigma Chemical Company) and SDS were

added to the supernatants to obtain final concentrations

of 330 units of aprotinin per mffliiter and 3.3% SDS,

FIG. 1. Double-immunodiffusion analysis of sera of mice immu-

nized with P-450,%f2

Wells were filled with 20 jd of the following samples: center, P.

45O1.M2 (0.35 mg/mi); I, IgG (1 mg/mi) of rabbits treated with pheno-

barbital; 2, 3, 6, sera from mice immunized for 2, 3, and 4 weeks,

respectively, with P-45Oi.M2; 4, mouse IgG (1 mg/mI); and 5, serum of

normal mice.

FIG. 2. RIA ofsera ofmice immunized with rabbit liver microsomal

cvtochrome P-4501.�,., to P-450 ,�,,

The protein concentration of sera from the unimmunized animals

(0) as well as those immunized with P-4501.M4 for 3 weeks (Lx) and for

4 weeks (El) was adjusted to 58 mg/mi and subjected to solid-phase

RIA with ‘21-labeled F(ab’)2 of anti-mouse IgG (specific activity: 31

�sCi/�ig).

respectively. The supernatants were dialyzed at room
temperature for S hr against 3 liters of 0.1% SDS, lyoph-
iized, and dissolved in 100 jd of 10% SDS/10% (v/v)
glycerol/0.1 M Tris-HC1 (pH 6.8)/0.3 M fl-mercaptoetha-
nol/0.002% bromophenol blue (29). The samples were
then boiled for 2 mm, and 20-id portions were subjected
to polyacrylamide gel electrophoresis on three 20% gra-
dient slab gels (1 hr at S mamps and 16 hr at 15 mamps).

After electrophoresis, the gels were stained with 0.002%
Coomassie blue/10% (v/v) isopropanol/10% glacial acetic

acid solution, and destained in 10% (v/v) isopropanol/
10% (v/v) glacial acetic acid for 8 hr and then 10% (v/v)
acetic acid solution overnight. The gels were soaked in
dimethyl sulfoxide for 30 mm twice and 22% (w/v) 2,5-
diphenyloxazole/dimethyl sulfoxide solution (29-32),
dried, and placed in contact with XR-2 Kodak film.

RESULTS

Mouse serum antibodies. Mice immunized for 4 con-

secutive weeks with highly purified rabbit liver P-4SOI.M2

produced serum antibodies which bound to the cyto-
chrome as detected by RIA (25, 26). The mouse serum

antibodies bound the cytochrome, and the complex was
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detected by its binding to anti-mouse IgG)251. The pres-
ence of antibodies to P-4SOLM2 in serum of mice immu-
nized for 2, 3, and 4 weeks was also detected by double-
immunodiffusion precipitation of the serum with P-

450LM2. Precipitin bands between the cytochrome and
anti-P-4SOLM2 mouse sera, but not between the cyto-
chrome and IgG from the sera of rabbits induced with
phenobarbital, normal mouse IgG, or normal mouse se-
rum (Fig. 1). The presence of antibody to P-4S0i�M4 in the
serum of mice which were immunized with this cyto-
chrome was detected by RIA (Fig. 2) and also by double

immunodiffusion (Table 2).
Monoclonal antibodies: RIA and double-immunodif-

fusion analysis. Fusion of 1 x i0� myeloma cells with 1
x 108 spleen cells derived from mice immunized with P-

4SOLM2 resulted in the growth of hybrid cells in 36 of 48
wells containing the selective HAT medium (23). The

HAT medium inhibits the growth of azaguanine-resistant
myeloma cells, and unhybridized spleen cells were elim-
mated in subcultures because of their inability to grow in
the culture media. Of the 36 wells containing hybrid cells,

15 were positive for mouse Ig production when tested
with ‘251-labeled anti-mouse IgG (heavy- and light-chain

specific).
The hybrid cells producing antibody were cloned into

plates containing 96 wells, grown, and subcloned into
Costar plates, each of which contained 24 wells. After
initial growth for 2 weeks in HAT medium in the 96-well
plates, antibody formation was examined by RIA of the

cell culture medium. Of the 206 independent hybrid
clones examined, seven were positive for the production
of antibodies that bind to P-4SOLM2 as indicated by a
positive RIA (Table 1). The supernatant culture fluid of
the control parent myeloma cells and the remaining 199
hybrid cell clones did not contain any mouse Ig that

bound to P-4SOLM2. The hybridomas producing the P-

4SOLM2 antibodies were further grown in HAT medium,
and the culture fluids were concentrated 30-40 times.
The antibody content of these concentrates was exam-
med by double-immunodiffusion analysis.

D
FIG. 3. Double-immunodiffusion analysis of Ig secretion and

monoclonal antibody to purified P-45O1.M2

Culture media from myeloma RGNS-1p72 and cloned hybrid cells 1-

26- 1 ip3 were concentrated 30 times and applied to central wells.

A. Center, RGNS-1p72; 1, rabbit anti-mouse IgG (heavy- and light-

chain specific, 4 mg/ml); 2, goat anti-mouse IgG (heavy-chain specific,

5 mg/mI; 3, rabbit anti-mouse K-chain (1 mg/mi); 4, goat anti-mouse

1gM (60-70 mg of total protein); 5, goat anti-mouse IgA (5.5 mg/mi); 6,

purified P-450LM2 (1.1 mg/mI).

B. Center, 1-26-1 lp3; 1-6 as in A. All wells were filled with 20-�ti

samples.

Center wells of C, D, and E were filled with 20 jii of concentrates (25

times) from the culture fluids of parent myeloma RGNS-1p73 (nonpro-

ducer), hybridoma l-26-2p3, and hybridoma l-3l-lp3. Outer wells 1, 2,

3, 4, 5, and 6 were filled with 20 �.tl of rabbit anti-mouse IgG,, rabbit

anti-mouse IgG2,,, rabbit anti-mouse IgG2�, rabbit anti-mouse IgG:i, goat

anti-mouse 1gM, and rabbit anti-mouse IgA, respectively.

Characteristics of hybridoma mo noclonal antibodies to P-45O,.M2

Antibody source” ‘251-Labeled
anti-IgG
binding

to Ig-P-45OiM2
(culture fluid)

Precipitation of P-4505 (ascites) Ig subclass
(culture fluid)

Fraction 1 P-45O1.M2 P-4SOLM.1 Fraction 7

Myeloma parent� RGNS-1p59 - - - - -

Hybridoma

P-450-1-7-15p5 - - - -

P-450-1-31-1p3 + - + - - �1’1

P-450-1-31-2p3 + - + - - yl

P-450-1-31-3p3 + - - - - -

P-450-1-31-4p8 + - - - - -

P-450-1-31-5p5 + - - - - -

P-450-1-26-2p3 + - + - - ‘yl

P-450-1-26-11p3 + - + - - yl

Normal mouse serum - - - - -

Anti-P-4501M2 mouse serum + - + - -

,, Cells (5 x l0�) were inoculated i.p. into BALB/c female mice and ascites fluid was collected after 2 weeks for hybridoma antibody production.

h Ouchterlony double-immunodiffusion technique.

( Myeloma parent cells which were used for the hybridization and the preparation of ascites fluid for control.
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FIG. 4. SDS polyacrylamide gel electrophoresis of reduced Ig se-

creted by the hybrids

‘4C-Labeled L-leucine was incorporated into the secreted proteins of

the parental and hybrid cells. The secreted proteins were treated with

SDS and 2-mercaptoethanol and submitted to electrophoresis on 3%-

20% gradient slab gels with 3% spacer gel. Lanes 1 through 4, proteins

secreted by hybrids 1-26-2 subclones, s19, s21, s23, and s24; 5 through

8, proteins secreted by hybrids 1-26-11 subclones, sl4, s21, s23, and s27;

9, secretion by myeloma P3-X-63, IgG, (IgGsc) producer; 10, nonsecre-

tion by parent myeloma RGNS-l (ic, nonsecreting); and 11 and 12,

markers of IgG, (IgF,�, MOPC21) and 1gM (IgMA,, MOPC 104E) (ar-

rows).

Figure 3A shows that the parent myeloma cell super-

natant RGNS-1P72 did not secrete detectable levels of
Ig, no reaction being observed with any of the anti-IgGs
added, i.e., anti-IgG, anti-IgM, anti-IgA, or anti-mouse
ic-chain. The hybridoma clone l-26-llp3 formed from the
spleen cells of P-450LM2-immunized mice and RGNS-1
myeloma cells produced monoclonal antibodies which
formed a clear precipitin band between P-4SOLM2 and
anti-mouse IgG specific for mouse IgG heavy and light

chains and mouse IgG specific for the heavy chain only
(Fig. 3B). The concentrated hybridoma fluids also
showed a faint precipitin band with anti-mouse sc-chain

serum. The culture fluids did not form a precipitin band
with the other rabbit anti-mouse Ig sera, anti-IgM and
anti-IgA. The concentrates of culture fluids of hybrids 1-

-�--- It, 26�2p3, l-26-llp3, l-3l-lp3, and l-3l-2p3 were also sub-
jected to further Ouchterlony double-immunodiffusion

.*- y analysis with anti-mouse immunoglobulins IgG1, IgG25,
IgG2b, IgG3, 1gM, and IgA. Precipitin bands were ob-
served only between the wells containing the culture

fluids and anti-mouse IgG1 (Table 1 and Fig. 3D and E).

-.�--- L Thus, all of the hybrid clones forming antibodies that
precipitated P-4SOLM2 were of the subclass IgG1.

Monoclonal antibodies, being directed to a single an-
tigenic site, do not generally precipitate the protein an-

tigens to which they bind. The microsomal cytochrome
P-4SOLM2, being a membrane-type protein, tends to ag-
gregate in the absence of detergent. Thus, the precipita-
tion of the antigen-antibody complex in the double-im-
munodiffusion assay is likely due to binding of monoclo-

nal antibody to the cytochrome P-4S0i�M2 that has either

aggregated prior to or after interaction with the antibody.
This view is supported by our finding that, under certain

conditions in the presence of the detergent Emulgen 913,
the monoclonal antibodies do not precipitate the cyto-
chrome P-45OLM2 whereas precipitates are formed by the
ordinary mouse serum antibodies to the cytochrome P-

4SOLM2.

The hybndoma cells 1-26-2 and 1-26-11 were passaged
13 times, subcloned, and then grown in the presence of
[‘4C]!eucine in L-leucine-free media. These hybrid clones
synthesized Ig exclusively and secreted it into the media.
Fig. 4 shows a gel electrophoresis of the hybridoma-

produced 1g. Both the heavy chain and light chain were
evident upon reduction of the disuffide bonds and elec-
trophoresis. These were identical in size with those of
myeloma P3-X63 and MOPC 21 protein (Litton Bionet-
ics). The parent myeloma RGNS-1 did i�ot secrete aiiy
significant amounts of biosynthetically labeled 1g.

When the mice were immunized with purified P-43OLM4

and their spleen cells hybridized with myeloma cells,

TABLE 2

Characteristics of monoclonal antibodies to P-450 j.M4

Antibody source IgG subclass
culture fluid

‘25I-Labeied anti-IgG binding” to
Ig P-45O1.M4

Precipitation” of cytochrome
P-450 (ascites fluid)

Culture fluid Ascites (1:1024) LM2 LM4

Myeloma parent RGNS-1p59 - 1 167 2035 - -

Hybridoma, nonspecific�

NBS l-3-lp7 y2b 1712 - -

NBS l-48-5p2f2 -y2a - -

Hybndoma, specific”

LM4 l-l-8p8 Ii 5788 5523 - -

LM4 l-4-3p8 �yl 7898 5398 - -

LM4 l-6-lp8 yl 9614 - -

LM4 l-l4-3p8 yl 7569 6610 - -

Normal mouse serum - -

Anti-P-450LM4 mouse serum - +

�9-iabeied F(ab’)2 of anti-mouse IgG (specific activity, 31 �zCi4tg) was used in the solid-phase RIAs.

b Ouchterlony double-immunodiffusion technique.

C Hybridoma between myeloma and normal mouse spieen cells.

d Hybridoma between myeioma and spleen cells of mice immunized with cytochrome P-4501.M4.
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FIG. 5. Double-immunodiffusion analysis of the specificity of monoclonal antibodies to purified isozymes of P-45O,.M2

The plates were incubated for 2 days at room temperature.

A. Center, monoclonal antibody to P-45O1M2, produced by hybrid l-31-1p3; 1, Fraction 1 (0.49 mg/mi); 2 and 5, anti-P-45O1M2 mouse serum from

mice immunized for 3 weeks. 3, 4, and 6, P-45OLM2 (0.48 mg/mi), P-45O1,M4 (0.67 mg/mI), and Fraction 7 (0.56 mg/mi), respectively.

B, C, and D. Centers, monoclonal antibodies to P-45OLM2 produced by hybrids l-3l-2p3, l-26-2p3, and l-26-llp3; 1-6 same as in A.
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upon cell culture we observed the growth and appearance
of hybrid cells in 45 among 48 wells. Of the 45 wells of
supernatant fluids, 8 were positive for the production of
monoclonal antibodies against P-450i.M4 as indicated by

a positive RIA. After cloning, we obtained the 40 of the
264 clones that were positive for antibody production
when screened against P-4SOLM4 by RIA. Table 2 sum-
marizes some of the data obtained with the monoclonal
antibodies to P-450LM4. Three of the antibodies were of
the subclass IgG1, and one was of class 1gM. Both the

cell culture fluid and the ascites fluid formed from posi-
tive hybridomas bound the enzyme as shown by a posi-
tive RIA.

Specificity of monoclonal antibodies to rabbit cyto-

chrome P-45O�M2. Each of the seven hybridoma clones
producing mouse Ig against P-4SOi,M2 which were de-

tected by RIA were grown i.p. in 11-week-old mice for 2-

3 weeks. The ascites fluid was withdrawn and analyzed

for its ability to precipitate P-4SOi�M2 in a double-immu-
nodiffusion assay. Of the seven samples, four (l-3l-lp3,
l-3l-2p3, l-26-2p3, and l-26-ll-p3) precipitated P-45OLM2

as indicated in a double-immunodiffusion assay (Fig. 5).

The remaining three failed to precipitate detectable

amounts of P-4SOLM2, although they were producing Ig
that bound to P-4SOLM2 as detected by RIA.

The patterns of precipitation, shown in Fig. 5, indicate
the presence of two groups of monoclonal antibodies.
The monoclonal antibodies secreted by hybrids l-26-2p3

and l-26-llp3 were identical (Fig. SC and D) with the
antibodies present in anti-P-450LM2 mouse serum. How-
ever, the antibodies secreted by hybrids i-3i-ip3 and 1-
3l-2p3 were different from those present in the mouse
serum (Fig. 5A and B). No precipitation was observed
between the monoclonal antibodies and Fraction 1, P-

FIG. 6. Effect ofmonoclonal antibodies to P-4SOLM2 on AHH activity

Cells, 5 x 106 of parent myeioma, RGNS-1p59, and hybridomas were grown in BALB/c mice intrapentoneaiiy and ascites fluid was collected

for AHH assay after 2-3 weeks.

A. a and c, Ascites fluids by RGNS-1p59 and hybrid l-l7-5p5; b, BSA.

B. a, b, and c, Ascites fluids by hybrids 1-3i-5p5, l-3l-’1p8, and l-31-3p3.

C. a, b, c, and d, Ascites fluids by hybrids i-3i-ip3, l-3l-2p3, l-26-llp3, and l-26-2p3. A 420-�ti sample of each dilution of ascites fluid (2.18 mg

at 1:8 diiution) was incubated with 3 �tg of P-45OLM2 in 80 �.ti of PBS at room temperature for 15 min and assayed for AHH activity using 20 nmoies

of BP as the substrate in a reconstituted system.

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 6, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


Effect of monoclonal antibodies to P-450,,�2 on AHH activity of

MONOCLONAL ANTIBODIES TO ISOZYMES OF P-450i.M 255

4SOLM4, or Fraction 7, indicating that they lack the anti-
genic site of P-45OLM2 to which the monoclonal antibody
is directed.

Monoclonal antibody inhibition of P-45OLM2-cata-

lyzed BP metabolism. The addition of high concentra-
tions of proteins from the cell culture medium or ascites

fluid from either myeloma control cells or antibody-pro-
ducing hybridomas inhibited the AHH activity of the
reconstituted system containing a purified P-4SOLM2. This
inhibition was nonspecific and was also observed with
purified proteins such as BSA. Since both the culture
medium and the ascites fluids contain such proteins,
some inhibition of AHH was observed in their presence.
The hybridoma cells formed from spleen cells of unim-
munized mice produced antibodies which did not bind
(RIA) or precipitate P-4S0i�M2 (Ouchterlony). The non-
specific inhibition by these control culture and ascites
fluids was eliminated by their dilution. The specific
monoclonal antibodies in the culture medium and ascites
fluids of the positive hybridoma cells retained their in-
hibitory activity of AHH activity even at high dilution.

Figure 6A shows the inhibitory effect on enzyme activ-
ity of high concentrations of control myeloma cells (a) or

the hybridoma l-’l-lSp-S (c), a nonproducer clone. Upon

dilution of these preparations, the inhibitory activity was
lost. Figure 6B shows the effect of the ascites fluids from

mice that received injections of hybridomas which pro-
duced antibodies that bound to P-450�2 in the RIA but
not precipitate this cytochrome in the Ouchterlony dou-
ble-immunodiffusion assays. These hybridomas showed

AHH inhibition curves similar to those of ascites fluids

from control hybridomas shown in Fig. 6A. Figure 6C

TABLE 3

isozym es of cytochrome P-450

Enzyme AHH AHH Control
preincubation

with ascites
enzyme activity

(pmoles
fluids” 3-OH-BP

formed/20
min/nmole

P-450)

None P-4SOLM2 179.0 100.0

Myeioma, RGNS-1p59 P-4SOLM2 232.9 130.0

Hybridoma, l-’7-lSp5 P-4SOLM2 390.8 218.3

Hybridoma, l-26-llp3 P-45O1.M2 1.4 0.8

None Fraction 1 300.2 100.0

Myeloma, RGNS-l-59 Fraction 1 199.4 66.4

Hybridoma, l-7-lSp5 Fraction 1 342.3 114.0

Hybridoma, 1-26-llp3 Fraction 1 150.4 50.1

None P-45O1.M4 5.2 100.0

Myeloma, RGNS-1-59 P-45O1.M., 4.4 84.6

Hybridoma, l-7-15p5 P-45O1.M4 6.4 123.1

Hybridoma, l-26-llp3 P-4501.M4 6.6 126.9

None Fraction 7 630.0 100.0

Myeloma, RGNS-l-59 Fraction 7 506.3 80.4

Hybridoma, l-’7-l5p5 Fraction 7 443.5 70.4

Hybridoma, l-26-llp3 Fraction 7 438.8 69.7

(‘ Ascites fluids were obtained as described under Experimental Pro-

cedures by injecting RGNS-i myeloma celis, non-monoclonal antibody-

producing hybridoma l-7-lSp5, or the monoclonal antibody-producing

hybridoma 1-26-1 lp3.

TABLE 4

Effect ofmonoclonal antibodies to P.450,0 on AHH actii’itv of J).

4SOIM4 and P-4501..�2

Antibody” AHH activity

P-45O1.M4 P4501.M2

Amount5 %
Control

Amount”
Control

Control 1.65 100 73.5 i()0

Hybridoma, nonspecific

NBS l-48-5p8 1.61 98 50.4 96

Hybridomas, specific

LM4 1-1-8p8

LM4 l-4-3p8

LM4 1-14-3p8

0.27

0.16

0.07

16

10

4

69.0

60.6

63.0

94

83

86

1� Cytochrome P-450 (3 �tg of P-45Oi.M2 and 7.8 �g of P-4501.M in 80

IL1 of PBS) was incubated with each antibody (ascites 62.5 �cg in 420 �d
of water at 4#{176}Covernight and subjected to centrifugation at 15,()0O rpm

for 5 mm after an additional 1-hr incubation with 20 �cl of protein A-

Sepharose 4B suspension (18.75 �tg for 3 �tg of P-45O1.M2 and 75 �tg for 7.8

�tg of P-4501.M4). The AHH assay was carried out on the supernatant

with 20 nmoles of BP as the substrate in a reconstituted system at pH

7.6 with NADPH-cytochrome P-450 reductase (3.6 �tg with P-450,.�12

and 9.7 �ig with P-45O1.M.i).

S Picomoles of phenols equivalent to 3-OH-BP/nanomole of P.450

per minute.

shows the effect of ascites fluids from mice that received
injections of hybridomas which produced monoclonal
antibodies that could bind and precipitate the P-4SOLM2.

Two of the monoclonal antibodies (a and b) from these
hybridomas behaved similarly to control hybridomas in
respect to inhibition of AHH activity. However, the
antibodies of two other hybrids (c and d) inhibited the
AHH at high dilutions and low protein concentrations
(0.04-0.28 mg/rn!). These ascites fluids, from the hybrids
l-26-2p3 (d) and l-26-llp3 (c), almost completely in-
hibited P-4SOLM2 AHH activity at protein concentrations
at which the ascites fluid formed from control myeloma
cells and control hybridomas had either no effect or

stimulated AHH activity (Fig. GA, a and c). At high
dilutions of culture fluid and ascites fluid, we often ob-
served some stimulation of AHH activity. This phenom-

enon is not understood.
Thus, of the seven RIA-positive clones, four were also

positive for cytochrome P-450 precipitation; of the latter
four hybridomas, two also strongly inhibited the AHH
activity of P-4SOLM2. Table 3 summarizes the specificity
for AHH inhibition of the monoclonal antibody produced

by hybridoma l-26-llp3. This monoclonal antibody com-
pletely inhibited P-4SOLM2 at a dilution of 1:512 protein
concentration but did not inhibit the other P-450 iso-

zymes, Fraction 1, P-450i�,M4, and Fraction 7. The small
inhibition observed with some of the latter proteins is
nonspecific and was also observed with fluids from the

parent myeloma and nonproducer hybrid cells l-’7-lSpS.
Monoclonal antibody binding to cytochrome P-45OLM4

and inhibition of AHH activity. The monoclonal anti-
bodies formed to P-4SOLM4 failed to inhibit AHH activity
after a short preincubation of antibody with P-45O1.M2 or

P-4SOLM4. The monoclonal antibodies did bind to P-

45OI.M4 and, after an overnight incubation, the addition

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 6, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


5-
z
.(

5-
4
z
LU
a.

Cl)

z
>.
5-

>
5-
0
4
I
I
4
-J

0

I-
z
0
0
U.

0
5-
z
LU
0

LUa.

1:16 1:32 1:64 1:128 1:256 1:512 1:1024

DILUTION

FIG. 7. Effect ofmonoclonal antibodies to P-45O1.M4 on AHH activ-

256 PARK ET AL.

of protein A to the complex permitted removal of AHH
activity from the solution by centrifugation. Table 4 and

Fig. 7 show the effect of this binding and removal of the
complex on the residual enzyme activity of P-45OLM4 and
P-4S0�M2. The antibodies from the control hybridoma
had no effect on AHH activity of either P-4SQi.M4 or

4SO�..M2. The ascites fluids from the hybridomas producing
monoclonal antibodies to P-450�M4 formed a complex
which, when removed, eliminated 84-96% of the P-4SO�M4
AHH activity but did not significantly affect the P-

4SOLM2 AHH activity. In contrast to monoclonal anti-
bodies to cytochrome P-4S0i�M2, monoclonal antibodies
to cytochrome P-4S0�M4 failed to precipitate cytochrome
P-4S0�M4. However, anti-P-450u�4 mouse serum precipi-

tated cytochrome P-4SO�M4 (Table 2).
HPLC analyses of BP metabolism: inhibition by

monoclonal antibodies. Table 5 shows the distribution
of metabolites formed from BP by a reconstituted mixed-
function oxidase system containing P-450�M2. Four

phenol fractions (unknowns 1 and 2, 1-OH, and 3-OH),
three quinones (1,6-, 6,12-, and 3,6-quinones), and an
unknown metabolite were formed to varying extents by

ity

Monoclonai antibody (32 mg/mI) was diluted in 420 �zl of water and

incubated with 7.8 �tg of P-45O1.M., in 80 �l of PBS at 4#{176}overnight. The

mixture was then incubated for I hr with 20 �tl of protein A-Sepharose

4B (75 jtg). The mixture was then centrifuged for 5 mm at 15,000 x g.

AHH activity of the supernatant was measured with 20 nmoies of BP

as the substrate in a reconstituted system with NADPH-cytochrome

P-450 reductase (9.7 �tg) at 37#{176}for 20 mm in a 1-ml final volume. 0,

Monoclonal antibody, nonspecific, NBS 1-48-5p22. Specific monoclonal

antibodies: �, P-450i.M4-i-i-8p8; El, P-4SOI.M,$ i-’I-3p8; A, P-4501.M4 1-14-

3p8.

TABLE 5

Effect of monoclonal antibodies to P-45OLM2 on BP metabolism

P-4SOLM2 (0.28 nmole; 13.5 �.tg) was incubated with 297 �tg of mono-

clonal antibody (NBS l-3-lp5, nonspecific, or l-2E1-llp35, specific to P-

45O1.M2) in 0.5 ml of PBS for 15 mm and transferred to a reaction

mixture for AHH assay or HPLC determination in a final volume of 1

ml. ‘4C-Labeled BP (50 nmoles) was used as substrate.

BP metabo-
lites

Specific activity
(pmoles/nmole of

P-45O1M2/min)

9� Mono-
clonal

antibody
inhibition

P-45O1.M2 P-45O1.M2 P-45O,.M2

(control) + +

NBS l-26-llp35

l-3-lp7

Unknown 1 4 18.1 3.2 28

Unknown 2 10 8.7 ND” 100

1-OH 40 22.7 ND 100
3-OH 53 44.3 2.2 96

1,6-Quinone 20 38.6 1.9 90

6,12-Quinone 17 19.6 0.9 95

3,6-Quinone 9 18.3 ND 100

Total 155 170.4 8.2 95

1� ND, Not detectable.

the P-450LM2-reconstituted system. The addition of as-
cites fluid containing nonspecific antibodies formed from
hybridomas of unimmunized mice (NBS-1-3-1p7) altered
the ratio of metabolites formed to only a slight extent.
The addition of ascites fluid, adjusted to contain identical

amounts of protein, from the monoclonal antibody-pro-
ducing hybridoma l-26-llp3S caused almost complete

inhibition of the formation of all the major known me-
tabolites. The antibody thus appears to bind to a site
required for the formation of each of the metabolites.
This may be the active site for the formation of each of

the shown metabolites or a different site required for
enzyme activity.

Effect of monoclonal antibodies to cytochrome P-

450LM2 on 7-ethoxycoumanin deethylase activity. Table
6 shows the effect of monoclonal antibodies on the P-

4SOLM2 activity directed to BP hydroxylation and 7-ethox-
ycoumarmn deethylation. The control ascites fluids from
mice that received injections of either myeloma cells or

the control hybridomas from nonimmunized mice caused
inhibition of both activities at high protein concentration
and very little inhibition at lower protein concentration.
However, the monoclonal antibody from hybridoma 1-

26- 1 lp3S inhibited both activities very strongly at both
low and high dilutions of the ascites fluids. At 8-fold
dilutions, the antibodies inhibited both the AHH and 7-
ethoxycoumarmn activities by about 90%. Thus, this
monoclonal antibody exhibits very similar inhibitory ac-
tivity toward both enzymatic activities of the cytochrome

P-450, indicating that there is a common antigenic site
necessary for both the hydroxylation of BP and the
deethylation of coumarmn.

Stability of hybnidoma-producing monoclonal anti-
bodies to cytochnome P-45OLM2. Since the loss of capacity
of hybridomas to produce monoclonal antibodies is often

observed, we examined the stability of the hybridomas
with respect to specific monoclonal antibody production.

We subcloned the four hybridomas which produced anti-

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 6, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


MONOCLONAL ANTIBODIES TO ISOZYMES OF P-4501.M 257

TABLE 6

Effect ofmonoclonal antibodies to P-45O,.M2 on AHH and 7-ethoxycoumarin deethylase activities

Ascites fluid AHH activity
7-Ethoxycoumarin

Amount’

deethylase activ-

% ControlSource Amount of
protein”

(dilution)

Amount5 % Control

Control - 108 100 2150 100
Normal spleen cell hybrid NBS i-3-lp’7 1:64 31 20 898 41

1:512 83 77 1431 66

Myeloma parent RGNS-1p99 1:64 35 32 845 39

1:512 102 94 1679 78

Hybrid celis l-26-l1p35 1:64 4 3 iOl 4

1:512 13 12 266 12

1� Each dilution of 1:64 and 1:512 contains 297 and 37.1 �zg of total protein.

S Picomoles of 3-OH-BP/nanomole of P-450i.M2 per minute.

‘ Picomoles of 7-OH-coumarmn/nanomoles of P-4SOI.M2 per minute.

bodies that precipitated P-4SOLM2. All of the subclones �f
1-31-1 passaged 13 times (24 of 24) and 1-31-2 passaged
13 times (7 of 7) either partially or fully lost their capac-

ities to produce antibodies that bound to P-4SOi�M2. All

24 subclones of l-26-2pll and all 72 subclones of 1-26-
1 lp8 remained positive for production of monoclonal

antibodies to P-4SO�M2 as tested by RIA. The hybridoma
1-26-11 was passaged 68 times, and ascites fluids were
prepared by injecting the cells into BALB/c mice. Our
examination of the ascites and culture fluids indicated a

stability of antibody production with respect to both
AHH inhibition and precipitation of cytochrome P-

4SOLM2.

DISCUSSION

The mixed-function oxidase enzyme systems contain

multiple forms of cytochrome P-450 which determine the
substrate specificity as well as the regiospecificity of
product formation from BP (16, 17). P-4SOLM2 is the
predominant form in phenobarbital-induced rabbit liver
microsomes and P-450LM4 in normal and $-naphthofla-
vone-induced rabbit liver microsomes (12). Similarly,

different forms are predominant in rat liver microsomes
induced by methylcholanthrene from those induced by
phenobarbital (33, 34). Other inducers have been re-
ported to induce still other forms of cytochrome P-450,
and different tissues appear to display different amounts
of the various cytochrome P-450 isozymes. The amounts

of AHH inducibility in humans varies among individuals,
suggesting the occurrence of individual differences in
levels ofbasal and inducible cytochrome P-450s (4). Thus
tissue, species, and individual differences in respect to
drug and carcinogen metabolism and activation may be
a function of the proffle of cytochrome P-450 isozymes.
The new and powerful technique of monoclonal antibody
production is likely to offer a new and useful method for
investigating the multiplicity and genetic control of these
cytochromes.

In our studies, monoclonal antibodies to purified rabbit
liver microsomal P-4SOLM2 from four independent hybri-

domas were able specifically to bind and precipitate P-

4S#{176}LM2 but not Fraction 1, P-4SOLM4, and Fraction 7. The
Ig class produced in the culture medium of the four
hybridomas was � . Two of the latter four monoclonal

antibodies not only were able to bind and precipitate P-

4SOLM2, but also interfered with the function of the active
enzyme site as seen by inhibition of the enzyme activity
of P-4SOLM2. The antibodies did not inhibit the enzyme
activity of Fraction 1, P-4SOLM4, or Fraction 7. Thus, P-

4SOLM2 exhibits distinctive antigenic determinants which
are different from those of the other cytochromes. The
monoclonal antibodies were similar in their properties of

precipitating and inhibiting the enzyme activity of P-

4SOLM2, but the degree of enzyme inhibition and patterns
of immunoprecipitation were different. The monoclonal
antibodies produced by two of the four hybridomas, 1-
26-2p3 and l-26-llp3, inhibited enzymatic activity of P-

4SOLM2 very strongly and precipitated the P-4SOLM2 with
a precipitin pattern identical with that between P-4SOLM2

and anti-rabbit P-4SOLM2 mouse serum. On the other
hand, the monoclonal antibodies produced by two other
hybridomas, l-3l-lp3 and l-3l-2p3, inhibited the P-

4SOLM2 enzyme activities only moderately, and the im-
munoprecipitation patterns were not identical with those

of anti-P-450 mouse serum reaction with P-4S01.M2. Be-
sides the latter hybridomas producing four precipitating
antibodies, three hybridomas produced monoclonal anti-
bodies capable of binding to P-4S01.M2 which were de-
tected by RIA but not able to precipitate P-45OLM2.

Therefore, it appeared that the different groups of mono-

clonal antibodies were primed against different antigenic
determinants.

The enzyme-inhibiting activity of the monoclonal an-
tibody from hybridoma l-26-llp35 toward P-4SOLM2 was
equally effective with respect to hydroxylation at the
different positions on the BP ring and for 7-ethoxycou-
mann deethylation. Therefore, the antigenic determi-
nants for this antibody appear to be necessary for hy-

droxylation at several positions of BP hydroxylation as
well as ethoxycoumarin deethylation. The monoclonal
antibodies for P-4SOLM4 were of both the IgG and 1gM
types. They did not precipitate this cytochrome, but
bound sufficiently strongly to form a complex with pro-

tein A, which caused a loss of enzyme activity from the
solution upon centrifugation. Thus, this class of anti-
bodies appears to be directed at antigenic sites on the
cytochrome P-450 that do not interfere with enzyme
activity or cause precipitation of the enzyme.
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The stability of the hybridomas is dependent upon

many factors such as segregation of chromosomes and
loss or repression of immunoglobulin gene expression.
However, the two hybridomas we isolated (1-26-2 and 1-
26- 1 1) were very stable, and the production of monoclo-
nal antibodies was observed even after 68 passages in
culture medium. The hybridomas can also be grown in

the intraperitoneal cavity of the mouse and thus the
monoclonal antibodies can be obtained in high titer.

Our studies suggest that monoclonal antibodies wifi be

a very useful tool not only for the investigation of differ-
ent forms of cytochrome P-450 with respect to molecular
structure and function related to catalytic activities, but

also for studies of their relative distributions in various
tissues, species, and individuals. In addition, monoclonal
antibodies should be most useful in studying the genetic

and regulatory aspects of cytochrome P-450 content and
function and their relationship to carcinogen susceptibil-
ity and rates of drug metabolism.
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