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ABSTRACT

Monoclonal antibodies (MAb 1-7-1 and Mab 2-66-3) specific
for cytochrome P-450 (cyt. P-450) isozymes inhibited the metab

olism of carcinogens, other xenobiotics, and endogenous com
pounds in two strains of mice. Postmitochondrial liver superna
tant (S9) was prepared from untreated, 3-methylcholanthrene-
treated, phenobarbital-treated, and pregnenolone 16a-carboni-
trile-treated C57BL/6 (B6) and DBA/2 (D2) mice. The modifying
effect of two types of MAb to a 3-methylcholanthrene-induced
cyt. P-450 and a phenobarbital-induced cyt. P-450 was investi
gated for: (a) S9-mediated mutagenicity of aflatoxin Bi,
benzo(a)pyrene 7,8-dihydrodiol, 2-acetylaminofluorene, and N-

nitrosomorpholine in Salmonella typhimurium strains; and (b) the
activity of aryl hydrocarbon hydroxylase, ethoxycoumarin O-
deethylase, ethoxyresorufin O-deethylase, aminopyrine A/-de-
methylase, and testosterone 6/3-, la-, and 16/3-hydroxylases.
With certain S9s, MAb-1-7-1 inhibited only those cytochrome P-

450 isozymes involved predominantly in activity of aryl hydro
carbon hydroxylase, ethoxyresorufin O-deethylase, and ethoxy
coumarin O-deethylase and mutagenicity of 2-acetylaminoflu
orene and benzo(a)pyrene 7,8-dihydrodiol; MAb 2-66-3 inhibited
only those involved in aminopyrine A/-demethylase and testos
terone 60-, la, and 16/3-hydroxylase activity and aflatoxin Bi
mutagenicity. Both Mab 1-7-1 and MAb 2-66-3 inhibited cyto
chrome P-450 isozyme(s) implicated predominantly in testoster
one 7Â«-hydroxylation in S9 from pregnenolone 16a-carbonitrile-
treated B6 mice. MAb 1-7-1 did not inhibit A/-nitrosomorpholine
mutagenicity and MAb 2-66-3 increased it by 2- to 6-fold de

pending on the source of S9. Using these MAbs, it is thus
possible to identify the contribution of the epitope-defined single
or class of cyt. P-450 to specific metabolic reactions in S9 from
untreated and inducer-treated mice.

INTRODUCTION

The cyt. P-4503-dependent mixed-function oxidase system
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T6/JH, testosterone 6tf-hydroxylase; T7Â«H,testosterone 7Â«-hydroxylase; T16Â«H,
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MAb 1-7-1 made to a MC-inducible cytochrome P-450; MAb 2-66-3, MAb 2-66-3
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metabolizes drugs, carcinogens, and numerous endogenous
compounds (1). Studies of enzyme purification and of kinetics,
genetic factors, inhibitors, and immunology have shown the
existence of various cyt. P-450 isozymes, which differ in physi-
cochemical properties and substrate, inducer, and product re-
giospecificities (2-22).

In the case of carcinogens, the cyt. P-450-dependent monoox-

ygenases catalyze reactions that lead to both detoxification
products and biologically active metabolites. The balance be
tween detoxification and activation pathways may depend on
the nature and relative amounts of cyt. P-450 isozymes involved

in the carcinogen metabolism. Although metabolic inhibitors may
be useful in identifying the contribution of different forms of cyt.
P-450 isozymes, their use may have disadvantages (23), which
can be avoided by using MAbs towards various cyt. P-450

isozymes.
MAbs are precise probes for specific antigenic sites on enzyme

proteins and when they inhibit enzyme activity they are useful
tools for evaluating the specific forms of multienzyme complexes
within the total enzyme activity of a tissue (9, 24-29). They have

also proved extremely useful for enzyme purification (12). MAb
towards cyt. P-450 isozymes that interfere with enzyme activity
can thus identify cyt. P-450 isozymes that catalyze specific
reactions. A MAb (mode 1-7-1) produced against a rat liver
polycyclic aromatic hydrocarbon-inducible cyt. P-450 inhibited
completely the AHH and ECDE activities of the purified cyt. P-

450 in a reconstituted enzyme system (28). In an independent
study, the same MAb was used to examine the distribution of
cyt. P-450 that catalyzes AHH and ECDE activities in liver, lung,

and kidneys of rats, mice, guinea pigs, and hamsters (26).
Similarly, a MAb 2-66-3 to a PB-inducible cyt. P-450 inhibited
completely the monooxygenase activity of the PB cyt. P-450

isozyme (30). Thus, MAb can be used to determine the role of
different cyt. P-450 isozymes in drug and carcinogen metabolism.

In the present study MAb 1-7-1 and MAb 2-66-3 were used .
to determine the contribution of the MAb-specific cyt. P-450s to

metabolic reactions catalyzed by 9000 x g liver supernatant (S9)
prepared from control and MC-, PB-, and PCN-treated C57BL/6

(B6) and DBA/2 (D2) mice. The modifying effect of the two types
of MAb was thus investigated for (a) the mouse S9-mediated
mutagenicity of AFB, BP 7,8-diol, AAF, and NMOR in Salmonella

typhimurium strains; and (b) the activity in mouse S9 of AHH,
ECDE, ERDE, APDM, T60H, T7aH, and T16aH.

MATERIALS AND METHODS

Animals and Tissue Preparation. Male C57BL/6 and DBA/2 mice,
7-8 weeks old (Iffa-Credo, St.-Germain-sur-Abresle, France), were fed a
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Charles River CRF diet ad libitum and had free access to tap water.
Groups of 6-8 mice were treated with either pregnenolone 16Â«-carbon-

itrile (PCN), MC, or PB. PCN was given at a dose of 50 mg/kg (as a
suspension in demineralized water containing 0.2% Tween 80) by gavage
5 times at 12-h-intervals, the last dose 24 h before the mice were

sacrificed. MC was given as a single i.p. injection, 40 mg/kg (dissolved
in olive oil) 48 h before sacrifice. Mice received PB in the drinking water
(1 mg/ml) for 7 days prior to sacrifice. The livers were removed and
pooled from each group and homogenized using a Potter-Elvehjem-type
glass-Teflon homogenizer in 3-fold wet weight volume of 0.15 M KCI-5
mW Sorensen buffer, pH 7.4. The S9 fraction was prepared by centrif-
ugation of the homogenate at 9000 x g for 10 min, and 1-2-ml portions
of the supernatant were stored at -80Â°C. Assays were performed within

6 weeks of tissue preparation.
Monoclonal Antibodies. MAbs were prepared by the hybridoma

technique at the National Cancer Institute Laboratory of Molecular Car-

cinogenesis using the method of KÃ¶hler and Milstein (31). The MAb
towards the MC-induced form of rat liver cyt. P-450 (MAb 1-7-1) was
from clone 1-7-1 (p848-5p6), as described previously (28). The properties
of MAb towards the PB-induced form of rat liver cyt. P-450 (MAb 2-66-

3) were also reported previously (30); the clone used in the present study
was 2-66-3 (-1-1-5p10p10). NBS [NBS 1-48-5 (p28(B)p28)] (28) or

albumin was used as a control.
Enzyme Assays. The hepatic cyt. P-450 concentration in S9 was

measured by the method of Omura and Sato (32). In all enzyme assays,
the MAb concentration was related to the cyt. P-450 concentration (11 ),

and the protein content were then adjusted either with the NBS or
albumin to give the same value (5 mg protein/nmol cyt. P-450). The S9

dilution was always incubated with MAb for 15 min at room temperature
prior to beginning the enzyme assay (25). The following enzyme activities
were measured according to the methods indicated: AHH (33); ECDE
(34); ERDE (35); APDM (36); and T6^H, T7aH, and T16Â«H by a thin-

layer Chromatographie method using radiolabeled testosterone as a
tracer (13). All assays were run in duplicate.

Mutagenicity Assays. S. typhimurium strains TA1530, TA100, and
TA98 were provided by Professor B. N. Ames (Berkeley, CA). Cultures
were grown overnight from frozen stock (-70Â°C) in Difco nutrient broth

in a water bath with shaking. The presence of R-factor was verified by

seeding bacteria onto agar containing ampicillin. The cultures were tested
for crystal violet sensitivity and mutability using methyl methanesulfonate
(TA100), 2-nitrofluorene (TA98), and W-methyl-N'-nitro-N-nitrosoguani-

dine (TA1530), as described previously (37).
S9-mediated mutagenicities of various carcinogens were measured in

the appropriate S. typhimurium his ' strain (AFB and BP 7,8-diol in TA100;

AAF in TA98; NMOR in TA1530) using liquid incubation assays. S9-MAb
mixture (made up to a final volume of 370 n\ with 0.15 M KCI-5 mw

Sarensen buffer, pH 7.4), containing up to 30 n\ S9, 40 ^l 80 ITIMMgCI2,
40 M! 50 mM glucose 6-phosphate, 120 n\ 68 HIM S0rensen buffer (pH
7.4), and 50 /il MAb (up to 3 mg immunoglobulin/nmol cyt. P-450)

solution, was preincubated at ambient temperature for 20 min. The
protein concentration in the MAb solutions (if not otherwise specified in
the legends) was adjusted to the same value using control immunoglob-

ulins (NBS).
After addition of 80 ^l of a 3.3-fold concentrated overnight culture

medium (3-5 x 10e bacteria), 40 tf of 8 mw NADP*, and test compound

dissolved in 20 //I of dimethyl sulfoxide or 0.9% NaCI-5 HIM Sorensen
buffer (pH 7.4), incubations were carried out for up to 30 min at 37Â°C

with shaking (70 strokes/min). The enzyme reaction was stopped by
adding 40 n\ of menadione solution to obtain a concentration of 0.75 or
1.5 mw in assays containing up to 5 or 10-30 p\ S9, respectively. The
concentrations of menadione, an inhibitor of cyt. P-450-associated elec

tron transport (38), were chosen based on preliminary studies showing
their efficiency in blocking activation in S9 and lack of toxicity in bacteria
(data not shown). After addition of 2 ml of Ws-poor soft agar, the mixture

was plated onto minimal glucose agar, as described previously (37).
Each assay was carried out in duplicate. Concentrations of S9 and test
compound and time of liquid incubation were chosen on the basis of a
previous study (39); they were located in a range whereby ascending,
almost linear concentration and time-dependent response curves were

obtained.
Protein Determination. S9 proteins were determined according to the

procedure of Lowry ef a/. (40), using bovine serum albumin (Fraction V;
Sigma Co., St. Louis, MO) as a standard.

Chemicals. 60-, 7Â«-,and 16Â«-hydroxytestosteroneswere generously

provided by the Steroid Reference Collection (Professor D. N. Kirk,
London, United Kingdom) and used as standards in testosterone hydrox-

ylase assays. PCN was a gift from Amersham/Searie, Inc. (Chicago, IL).
BP 7,8-diol and 3-OH-BP were obtained from the Chemical Repository
of the National Cancer Institute. 7-Ethoxyresorufin was synthesized and

provided by Dr. A. Zitting of the Institute of Occupational Health (Helsinki,
Finland). The following products were obtained commercially from the
sources indicated: MC and AAF (Aldrich Chemical Co., Milwaukee, Wl);
AFB (Makor, Inc., Jerusalem, Israel); NMOR (Merck-Schuchardt, Darm

stadt, Federal Republic of Germany). All the other compounds were of
the purest commercially available grade.

RESULTS

Monooxygenase Activities and Inhibition by MAbs. The
protein content, cyt. P-450 concentration, and monooxygenase
activities of the S9 fractions are shown in Table 1. The monoox-

Table 1
Hepatic enzymeactivity" and cytochrome P-450 content' in untreatedand inducer-treated86 and 02 mice

Mouse
strainB6D2InducertreatmentNone

(control)3-MethylcholanthrenePhÃ©nobarbitalPregnenolone

16Â«-carbonitrileNone

(control)3-MethylcholanthrenePhÃ©nobarbitalPregnenolone

16Â«-carbonitriteTestosterone

hydroxylasescP-4500.21"0.501.060.510.240.521.580.94AHH"331608149132815591ECDEC3.11.613.95.71.72.230.13.6APDMC3.35.012.53.52.23.717.37.4ERDEC0.320.880.550.840.100.160.850.216/3-0.430.371.172.210.530.382.012.067Â«-0.260.300.510.590.420.340.580.2716Â«-0.300.300.710.510.340.270.640.27

8 Cytochrome P-450 contents (nmol/mg)and enzyme activities are expressed per mg S9 protein.
6 AHH activity expressed in pmol/min/mg.
c ECDE,APDM, ERDE,and testosterone hydroxylaseactivities expressed in nmol/min/mg.
" Meansof duplicate determinations(protein and P-450)or 3 individualmeasurements(eachas duplicates)for enzyme activities.The coefficientsof variation (%) were:

AHH (Â«16);ECDE (Â«18.5):APDM (Â«10.0%);ERDE (Â«13.5);T6ffH (Â«12.0);T7Â«H(Â«10.5);T16Â«H(<10.2).
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Table 2
Inhibitory effect of MAbs and changesproduced by inducer treatmenton monooxygenaseactivities in mouse liver S9

AHH ECDE ERDEAPDMMouse

strainB6D2Drug
treat
mentNoneMCPBPCNNoneMCPBPCNType

of
MAbNone1-7-12-66-3None1-7-12-66-3None1-7-12-66-3None1-7-12-66-3None1-7-12-66-3None1-7-12-66-3None1-7-12-66-3None1-7-12-66-3lnh.a0+++00+0000000+++Rei.

Rei.
Act.6 Inh. Act.Inh.1

1+
++0

04.8

3.7++
++0

02.5

4.50
+0

+1.5

1.80
+0

01

1+
++0

02.1

1.3+
++0

011.9

17.7+
i++0

07

2.10
00

0Rei.

Act.Inh.1002.8001.70++2.6+01001.6008.50+2.100(Rei.Act.Inh.1001.5+03.80++1001001.7+07.80+3.400Testosterone

hydroxylaseÂ¡0-

7a-16a-Rel.

Act.Inh.1000.9++2.70++5.1++++1000.7003.80+3.900Rei.Act.Inh.10010020++2.3++1000.8001.40+0.600Rei.Act.112.41.7111.90.8

* Inh., inhibitory effect: 0, none or <25%; +, Â»25to <50%; ++, Â»5QÂ°/Â°.Data are compiled from Figs. 1 and 2 and similar immunoinhibitioncurves not shown (see
"Results").

6 Rei. Act., relative monooxygenaseactivity taking the activity in untreated mouse liver 89 as 1.
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Fig. 1. Relative AHH activity in the presence of two MAbs (O, MAb 1-7-1; â€¢,

MAb 2-66-3)at variousconcentrations(0-5 mg/nmol cytochrome P-450)incontrols
(C) and MC-treated, PB-treated, and PCN-treated mouse liver S9; top, B6 mice;
bottom, 02 mice. The activities are relative to values in the absence of specific
MAbs. In all assays the protein content was kept constant (5 mg/nmol cyt. P-450;
see "Materials and Methods"). For the actual enzyme activities without MAbs, see

Table 1. Ig, immunoglobulin.

ygenase activities were measured in the presence of 5 mg
albumin per nmol cyt. P-450. Since control immunoglobulins

(NBS) may affect the enzyme activities (28), we determined AHH
and ECDE activities in various mouse S9s in the presence of
NBS and albumin (5 mg/nmol cyt. P-450) (data not shown).

Albumin and NBS behaved similarly; the correlation coefficient
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Fig.2. Relative T7Â«Hactivities in the presence of MAbs in B6 (top) and D2

(bottom)mice. See also legendto Fig. 1.

for AHH activity was 0.99 and that for ECDE activity was 1.00.
Thus, in our enzyme assays, we used albumin instead of NBS
to adjust the protein contents.

All the drug treatments increased cyt. P-450 concentrations in

both mouse strains, PB treatment being the most efficient (Table
1). In agreement with the earlier findings that D2 mice do not
respond to polycyclic aromatic hydrocarbons, ECDE and ERDE
were not induced, although a 2-fold increase in AHH activity was
found. AHH activity in D2 mouse S9 was enhanced 12-fold after
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Tabte3
Inhibitory effect of MAbs and effects of inducer treatmenton mouse liver S9-mediatedmutagenicityof carcinogens

AFBMouse

Drug
straintreatmentB6

NoneMCPBPCND2

NoneMCPBPCNType

of
MAbNone1-7-12-66-3None1-7-12-66-3None1-7-12-66-3None1-7-12-66-3None1-7-12-66-3None1-7-12-66-3None1-7-12-66-3None1-7-12-66-3Inn."0+00+++0++00000++0+ReiMutag.612.62.41.810.72.31.2AAF

BP7,8-diolInh.++0++00+0++0000000Rei.

Mutag.Inh.1003.2++02000.8++010010020+1.300Rei.Mutag.1733.72.811.23.42.8NMORInh.0000000000000000Rei.Mutag.10.80.90.310.40.90.3

8 Inh., inhibitory effect of MAB: 0, none or <25%; +, Â»25to <50%; ++, s50%, data compiledfrom Figs. 3 and 4 and similar immunoinhibitioncurves not shown (see
"Results'). For the latter experiments, the following experimentalconditions were used: 10 or 20 Â«ilS9 per assay with AAF (4 /ig/assay). The number of revertants/plate

induced by AAF in the presence of control immunoglobulinsranged from 300 to 3300 depending on the source of S9. For experiments with S9 from untreated D2 mice
and AAF, the protein concentration in MAb 2-66-3 solutions was adjusted with the serum albumin. In experiments with MAb 2-66-3 and AAF, only 3 mg MAb/nmol cyt.
P-450 were used. The amounts of liver S9 (^I/assay) for experiments with BP 7,8-diol were as follows: untreated B6, B6-PCN, untreated D2 and D2-MC (5); B6-MC
(0.625); B6-PB, D2-PB, and D2-PCN(2.5). The concentration of BP 7,8-diol iÃŸU)used in experimentswith both MAbs were: untreated B6. B6-PB, untreated D2, D2-MC,
and D2-PB (8); B6-MC (0.5); B6-PCN (2),-D2-PCN (4). The protein concentration in MAb 2-66-3 solutions was adjusted with serum albumin instead of control
immunoglobulin.The number of revenants induced by BP 7,8-diol in the presenceof control immunoglobulinor serum albumin ranged from 270 to 930, depending on
the assay conditions used.

" Rei. Mutag., relative mutagenicity taking the value obtained in the presenceof untreated mouse liver S9 as 1; data taken from previous study (39).

PB treatment, the activity after induction being close to that
obtained with B6 mouse S9 after MC treatment. Under our
conditions, PCN treatment caused only a 1.5-fold increase in
AHH activity in B6 mice, while the activity increased 7-fold in D2

mice. ECDE was also induced by PB to a greater extent in D2
than in B6 mice. APDM activity was not induced by PCN in B6
mice, but in D2 mice the activity increased by over 3-fold as

compared to the controls. Testosterone hydroxylase activities
were not induced by MC in either of the mouse strains; PB
increased all testosterone hydroxylase activities but mostly that
of T6/3H; and PCN induced T6/3H activity by more than 4 to 5
times, but that of the other testosterone hydroxylases by much
less.

The effects of MAb 1-7-1 and MAb 2-66-3 on various mon-

ooxygenase activities are summarized in Table 2. They are
compiled from immunoinhibition curves for each enzyme activity.
Figs. 1 and 2 show representative curves which were used for
the compilation. Levels of inhibition >25% and >50% were
chosen arbitrarily to classify the strength of the inhibition.

Effects of MAb on Mouse S9-mediated Mutagenicities of

Various Carcinogens in S. typhimurium Strains. The effects of
MAb 1-7-1 and MAb 2-66-3 on the mouse S9-mediated muta
genicity of AFB, AAF, BP 7,8-diol, and NMOR are summarized

in Table 3. They are compiled from immunoinhibition curves and
some examples are shown in Fig. 3. The effects of inducer
treatment on the mouse S9-mediated mutagenicities are also

given; these latter data are taken from a previous study (39).
The strength of the immunoinhibition was classified in the same
way as for the monooxygenase activities (see above).

MAb 1-7-1 did not inhibit NMOR mutagenicity and MAb 2-66-
3 increased it by 2- to 6-fold, depending on the source of S9

(Fig. 4).
Classification of Cyt. P450 Isozymes Involved in Metabolic

Reactions. To facilitate comparison of the inhibitory effects of
MAb 1-7-1 and MAb 2-66-3 on metabolic reactions, we classified

the reactions into two categories on the basis of the decrease in
activity observed in the presence of MAbs (Table 4). Only those
enzyme activities and mutagenicities are shown which were
inhibited by either of the MAbs by at least 25%; the mouse strain
and drug treatment are given in parentheses. In reactions inhib
ited by 5*50%, one cyt. P-450 isozyme, or a number of different

isozymes with a common epitope, may be implicated predomi
nantly. A weaker inhibition (s;25-<50%) may indicate that the
metabolic reactions are catalyzed only partly by cyt. P-450

isozyme(s) with the corresponding antigenic determinant. MAb
1-7-1 inhibited mainly those cyt. P-450 isozyme(s) involved in
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B6-C B6-MC B6-PB B6-PCN
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ingIg/nmolcyt.P-450

Fig.3. Effect of MAb on mouse S9-mediated mutagenicity of AFB in S. typhi-
muriumTA100. Relativemutagenicity, in the presenceof varying concentrationsof
MAb, is expressed in percentage of that observed in the absence of MAb. For all
assays a concentration of 1 JIMAFB was used. The amounts of S9 (>il/assay)for
experiments with MAb 1-7-1 (O) and MAb 2-66-3 (â€¢)were: untreated (C) B6 (20,
20); B6-MC (10, 5); B6-PB (5, 5); B6-PCN(10, 10); untreated 02 (20, 20); D2-MC
(20, 20); D2-PB (5, 5); and D2-PCN (5, 5). The number of revenants induced by
AFB ranged from 300 to 860/plate in the presence and absence of control
immunoglobulins(Ig). The protein concentration in MAb 2-66-3 solutions was not
adjusted by addition of immunoglobulinssince AFB mutagenicity was not altered
by the protein trapping of reactive metabolites.

B6-PCN
-1280

0123012301230123

0 1 30123

mgIg/nmolcyt.P-450
Fig. 4. Effect of MAb on mouse S9-mediated mutagenicity of NMOR in S.

typhimurium TA1530 strain. Relative mutagenicity is expressed in percentage (see
legend to Fig. 3). The amounts of S9 (ml/assay) for experiments with MAb 1-7-1
(O) and MAb 2-66-3 (â€¢)were: untreated (C) B6 (30, 30); B6-MC (30, 15); B6-PB
(30, 15); B6-PCN (30, 15); untreated 02 (30, 30); D2-MC (30, 30); D2-PB (30, 15);
and D2-PCN (30, 15). All experiments were performed at a concentration of 0.5 nw
NMOR, except those with B6-PCN and D2-PCN for which the NMOR concentration
was 1 mM. The protein concentration in MAb 2-66-3 solutions was adjusted with
serum albumin. The number of revenants per plate induced by NMOR in the
presence of control immunoglobulin or serum albumin ranged from 100 to 600/
plate.

AHH, ECDE, ERDE, and T7oH activity and AAF and BP 7,8-diol
mutagenicity, while MAb 2-66-3 inhibited mainly those involved
in ADPM, T6|8H, T7Â«H,and T16aH activity and AFB mutagen
icity. The iÃ5Q%inhibition of T7a-hydroxylation in S9 from PCN-
treated B6 mice by both MAb 1-7-1 and MAb 2-66-3 indicates
that this reaction is either predominantly catalyzed by cyt. P-450

isozyme(s) possessing both epitopes or entirely catalyzed by
cyt. P-450 isozyme(s) of 2 epitope-defined classes, the cyt. P-

450 isozyme(s) of each class contributing approximately 50% to
the overall activity.

Based on the comparison of MAb inhibition of specific meta
bolic reactions in S9 from untreated mice with that in S9 from

Table4
Classification of monooxygenase activities and mutagenicities inhibited by MAbs

(summary table)*

Type of
MAb1-7-1Â»50%AHH

(B6-MC)"

ECDE (B6-MC)InhibitionÂ»25-<50%AHH
(D2-PCN)

ECDE (B6-C, D2-C, D2-MC,

ERDE (B6-C, B6-MC, D2-C,
D2-MC, D2-PB)

T7Â«H(B6-PCN)

AAF Mutc (B6-C, B6-MC)

BP 7,8-diol Mut. (B6-MC,
B6-PCN)

2-66-3 APDM (B6-PB)

T6/3H (B6-PB)
T7Â«H(B6-PB, B6-PCN)
T16Â«H(B6PB)

AFB Mut. (B6-PB, B6-PCN,
D2-PB)

D2-PB)
ERDE (B6-PB, B6-PCN)
APDM (B6-PCN)
T7Â«H(B6-MC)

AFB Mut. (B6-PB),
AAF Mut. (D2-C)

AHH (B6-C, B6-PB, D2-PB,
D2-PCN)

ERDE (B6-PB)
APDM (D2-PB)
T6/3H (D2-PB)
T7Â«H(B6-MC, D2-PB)
T16Â«H(B6-PCN, D2-PB)

AFB Mut. (B6-C, D2-PCN)

AAF Mut. (B6-PB, B6-PCN)
BP 7,8-diol Mut. (D2-PB)

8 Data compiled from Tables 2 and 3.
0 Mouse strain and inducer treatment in parentheses.
c Mut., mutagenicity.

Table5
Inducer treatment of mice enhancing specific metabolic reactions through the

synthesis of epitope-defined cyt. P-450 isozyme(s) (of MC- and/or PB-type) which

are not implicated in the reactions before induction

Metabolic reac
tion inS9AHHAPDMT60HT7oHT16Â«HBP

7,8-diol muta
genicityAFB

mutagenicityMouse

strainB6

D2B6

02B6

D2B6

02B6

02B6

D2B6D2Treatment

inducing epitope-defined cyt. P-450
isozymes(s) (of MC- and/or PB-type) contributing

predominantly to specific metabolicreactions8MC-typeMC

treatment
None6None

NoneNone

NonePCN

treatment
NoneNone

NoneMC

and PCN treatment
NoneNone

NonePB-typeNone"

NonePB

treatment
NonePB

treatment
NonePB

and PCN treatment
NonePB

treatment
NoneNone

NoneNone

PB treatment
8 Data compiled from Tables 2 and 3. Metabolic reactions listed in the table

were not MAb inhibited in S9 from untreated mice but were Â»50%inhibited in S9
from treated mice. Such inhibitory effect indicates that the epitope-definedcyt. P-
450 isozyme(s)contributed predominantlyto these reactions.

"None" specifies that neither MC, nor PB, nor PCN treatment induced cyt. P-
450 isozyme(s)of the MC- and/ or PB-type.

inducer-treated mice, inducer treatments can be placed in 2
categories depending on the epitope-defined cyt. P-450 iso-

zyme(s) contributing predominantly to the reactions before and
after treatment (Tables 5 and 6). As an example for the first
category (Table 5), PCN treatment of B6 mice enhanced BP 7,8-

diol activation but not BP hydroxylation through the synthesis of
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Table 6

Inducer treatment of mice enhancing specific metabolic reactions through the
synthesis of epitope-defined cyt. P-450 isozymes (of MC- and/or PB-type)

contributing predominantly to the reactions before and after induction and/or the
synthesis of epitope-defined cyt. P-450 isozyme(s) sharing a common epitope

with those implicated predominantly in the reactions before induction

Treatment inducing epitope-defined
cyt. P-450 isozyme(s) (of MC- or
PB-type) contributing predomi

nantly to specific metabolic reac
tions'

Metabolic reac
tion inS9ERDEAAF-mutagenicityMousestrainB602B6D2MC-typeMC

treatmentMC
and PBtreatmentMC

treatmentNonePB-typeNone*NoneNoneNone

" Data compiled from Tables 2 and 3. Metabolic reactions listed in the table

were Â»50% MAb inhibited in S9 from untreated and in S9 from treated mice. Such
inhibitory effect indicates that the epitope-defined cyt. P-450 Â¡sozyme(s)contributed
predominantly to these reactions.

6 "None" specifies that neither MC, nor PB, nor PCN treatment induced cyt. P-

450 isozyme(s) of the MC- or PB-type.

MC-type cyt. P-450 isozymes (inhibited 5*50% by MAb 1-7-1)

which were not implicated in the reaction before induction. A
similar regiospecificity in reactions catalyzed predominantly by
cyt. P-450 isozyme(s) of PB-type induced by PCN treatment of

B6 mice was observed in the case of testosterone hydroxylations
(Table 5). As examples for the second category, MC and PB
treatments of D2 mice enhanced ethoxyresorufin deethylation
through the synthesis of MC-type cyt. P-450 isozyme(s) (inhibited
is5QÂ°/oby MAb 1-7-1 ) contributing predominantly to this reaction
before and after induction and/or synthesis of MC-type cyt. P-

450 isozyme(s) sharing a common epitope with those implicated
predominantly in the reaction before induction (Table 6).

DISCUSSION

Measurement of a cyt. P-450-catalyzed reaction in a tissue

preparation represents the total activity contributed by multiple
forms of cyt. P-450. A MAb that inhibits the enzyme activity of a
single or a class of cyt. P-450s permits a quantitative analysis of
the contribution of the MAb-defined cyt. P-450 to the total tissue

activity for a specific reaction for a given tissue or cell type. The
same MAb-directed analysis can be utilized to determine the
contribution of epitope-specific cyt. P-450s toward the total

mutagen activation by a given tissue preparation.
PB- and MC-induced forms of cyt. P-450 isozymes have been

studied extensively since they constitute a large proportion of
the cytochromes in induced animals. Treatment with PB or MC
inducers (or equivalents) produces mainly cytochrome isozymes
typical of each class of inducer and very little PB- or MC-type
cytochrome is found in untreated liver microsomes or in PCN-
treated liver microsomes (9, 41 ). In PB-induced rat liver micro-
somes the PB-inducible form may account for 35-60% of total
microsomal cyt. P-450 content, and in MC-induced microsomes
the MC-inducible form may represent 65-90% of total cyt. P-
450 (42, 43). In uninduced or PCN-induced rat liver microsomes,
these forms constitute only 5-20%, or even less of the total cyt.
P-450 (9, 41-43). PCN treatment has been shown to induce a
specific cyt. P-450 isozyme which is a different gene product
than the MC- or PB-type isozymes (44, 45). A specific PCN-
inducible form of cyt. P-450 has been purified from rat liver, and

evidence exists for a specific PCN-inducible form in mouse liver
(46). Our data indicate that MAb 1-7-1 and MAb 2-66-3 can
recognize this PCN-induced cyt. P-450 isozyme(s) and suggest

that at least 2 distinct forms (or classes) are induced in B6 mice
(Table 5): one involved in T7a-hydroxylation and BP 7,8-diol
activation, which is recognized by MAb 1-7-1, and a second
involved in T7a-hydroxylation and AFB activation, which is rec
ognized by MAb 2-66-3.

With advanced purification techniques, more than one form of
PB-inducible and MC-inducible cyt. P-450 have been revealed,

having distinct mRNAs as a result of different gene products (3,
4, 18-20, 47-49). There is clearly an overlapping in substrate
specificity of cyt. P-450 isozymes recognized by different MAbs;

equally, one isoenzyme may catalyze the metabolism of a large
variety of substrates (50) as found also in the present study.
Some substrates may be very specific for a certain cytochrome
isozyme, while others may be metabolized by a large variety of
cytochromes (51). In our study, MAb 1-7-1 inhibited enzyme
activities to a much greater extent than MAb 2-66-3. This differ

ence could plausibly explain that one compound induces several
isozymes with similar catalytic properties, and the isozymes
themselves may be immunologically different (4, 14,16, 47, 52-
54). The MC-type MAb 1-7-1 used in our study is able to detect
both cyt. P-450 isozymes induced by MC (47).

AFB mutagenicity was inhibited by the MAb 2-66-3, in the
presence of S9 from either strain, and MAb 1-7-1 inhibited AAF
mutagenicity in the presence of both control and MC-treated S9.
In keeping with these data, the rat S9-mediated mutagenicity of

AAF and AFB has been shown to be inhibited by 85 and 40%,
respectively, by monospecific antibodies against the major he
patic cyt. P-450 isozyme induced in rat by MC and to be inhibited

by 30 and 60%, respectively, by monospecific antibodies to
wards the major hepatic cyt. P-450 isozyme induced in rat by
PB (10). Furthermore, other studies suggest that a PB-type cyt.
P-450 isozyme is responsible for the activation of AFB (55). This

is in good agreement with our data which show that, for most
S9s assayed, the cyt. P-450 isozyme(s) implicated in the acti

vation of AFB possesses the antigenic determinant recognized
by MAb 2-66-3.

The various inducer treatments led either to no change or to
reduced NMOR mutagenicity, particularly in D2 mice; PCN was
the most effective in both strains. It is therefore not surprising
that neither MAb decreased the S9-mediated mutagenicity of
NMOR. Instead, the 2- to 6-fold increase in NMOR mutagenicity
was produced by MAb 2-66-3. This suggests that the PB cyt. P-
450 sensitive to MAb 2-66-3 is a dominant form responsible for

NMOR inactivation.
The further use of MAbs to characterize the cyt. P-450 iso

zymes responsible for the activation of individual carcinogens
may eventually allow prediction of which metabolic activation
reactions will occur in a specific organ. This could be done by
comparing the tissue-specific cyt. P-450 isozyme profile with

those isozymes responsible for the activation of a known carcin
ogen. Indeed Watanabe ef al. (21), using such an approach,
demonstrated that some amino acid pyrolysis products are ac
tivated to mutagens selectively by a MC-inducible cyt. P-450
isozyme. Similarly, the role of cyt. P-450 isozymes in the acti

vation of carcinogens is now being widely studied (10, 11, 33,
56, 57). MAbs may even provide a further refinement in this
characterization, possibly by identifying "subclasses" of P-450
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isozymes with different immunological properties. By creating a
library of various MAbs interindividual differences in cyt. P-450

isozymes of human tissues can be examined which may provide
a method assessing individual differences in drug and carcinogen
metabolism in human subjects (25, 26).
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