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SUMMARY

Two major forms of liver microsomal cytochrome P 450, one from un-
treated rats (P 450 ANI) and the other from phenobarbital-treated rats
(P 450 BZPB), vere partially purified. Reconstitution of monooxygenase acti-
vities of purified enzymes and inhibition patterns of these activities by
antibodies in microsomes gave the following results : 1) aniline hydroxylase
activity is mainly supported by cytochrome P 450 A;NI. This form is the major
one in microsomes from control rats, but is also found at minute amounts in
microsomes from phenobarbital-treated rats. It behaves as a constitutive form.
2) 4-nitroanisole- and benzphetamine-demethylase activities are mainly suppor-
ted by cytochrome P 450 BoPB which is predominant in phenobarbital-treated
rats but is also present in control microsomes at low levels. 3) 4-nitroaniso-
le-0-demethylase activity is less specific than benzphetamine-N-demethylase
activity towards cytochrome P 450 ByPB,

INTRODUCTION
"~ Cytochrome P 450 plays important roles in the metabolism of a wide

variety of endogenous and exogenous substances such as steroids, fatty acids
and xenobiotics, Many authors have extensively studied the different forms of
cytochrome P 450 in rats, and mainly the phenobarbital- and 3-methylcholanthre
ne~induced forms (1, 2, 3). Only few studies were devoted to the constitutive
liver microsomal cytochromes P 450, with respect to their substrate specifici-
ties. Different forms of cytochrome P 450 have been isolated from hepatic mi-
crosomes of control rats and rabbits ; these forms were shown to be also pre-
sent in phenobarbital-treated animals, but in lower amounts (4, 5, 6, 7, 8).
In order to characterize cytochromes P 450 in untreated and phenobarbital-
treated rats, ve have 1) purified the major %orms of cytochrome P 450 in each
type of microsomes, 2) prepared antibodies against these forms, 3) tested

the inhibitory effect of these antibodies on three monooxygenase activities,
namely aniline bhydroxylase, benzphetamine N demethylase and 4-nitroanisole

0 demethylase.
Previous results have shown that aniline hydroxylase is a 'non-

inducible"” activity (9, 10, 11) whereas 4-nitroanisole-0- and benzphetamine

N-demethylases are "phenobarbital-inducible" monooxygenase activities (10,
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11). The latter activity has been extensively studied and shown, by reconsti-
tution experiments, to be supported by a purified phenobarbital-inducible
form of cytochrome P 450 (2, 3, 12, 13, 14). The purpose of the present stu-
dy was 1) to demonstrate that the major form of cytochrome P 450 in control
microsomes is more specific of aniline hydroxylase activity ; 2) to demons-
trate that the major form of cytochrome P 450 from phenobarbital-treated

rats is more specific of 4-nitroanisole-O-demethylase activity ; 3) to con-
firm previous results, showing the specificity of the latter form towards

benzphetamine N-demethylase activity.

MATERIAL AND METHODS

Purification procedure of cytochrome P 4505 : The purification procedure
has been described previously (15) and is summarized in scheme 1. Hepatic
microsomes from control and phenobarbital-treated rats were prepared, solu-
bilized in 0.2 percent (w/v) sodium cholate and applied to an Octyl-Sepharose
CL4B (Pharmacia Chemicals) column. After elution, cytochrome P 450-containing
fractions were pooled and applied to a DEAE Cellulose (DE 52 Whatman) column,
as described by Warner et al. (4). Two cytochrome P 450 heterogenous frac-
tions called A and B were obtained. P 450 A and B fractions were finally flo-
ved through a CM Cellulose (CM 52 Whatman) (16). In control microsomes, cyto-
chrome P 450 A was separated into cytochromes P 450 A] and A2 ; cytochrome
P 450 ANI was the predominant form ; the cytochrome P 450 B fractions, found
in low amounts, were heterogenous and not further purified. In microsomes
from phenobarbital-treated rats, the minor fractions (cytochrome P 450 A)
vere separated into cytochromes P 450 Ay and A, ; the main peak of major
fractions (cytochrome P 450 B) was further purified and separated into Bj] and
B2 fractions ; cytochrome P 450 B2PB. was the predominant form. Final prepa-
rations of cytochromes P 450 were concentrated, dialyzed against a 100 mM
sodium phosphate buffer pH 7.4, containing 20 percent (v/v) glyecerol, treated
twice by biobeads SM 2 and stored at - 80°C. NADPH cytochrome c reductase
fractions eluted from the Octyl Sepharose column were pcoled and purified
on 2'5' ADP Sepharose (17).

Polyacrylamide gel electrophoresis in the presence of sodium dode-

cyl sulfate (SDS PAGE) were performed as described by Laemmli (18).

Preparation of the antibodies : Female New Zealand white rabbits were
immunized intradermally along the flanks at 20 sites either with 260 pg per
rabbit of purified cytochrome P 450 ByPB (specific activity : 22.4 nmol x
mg'l proteins) or 500 pg per rabbit of purified cytochrome P 450 AoNI (spe-
cific activity : 11.8 nmol x mg-l proteins). The immunogen was diluted in
0.9 % NaCl to 1 ml, and 1 ml of Freund's complete adjuvant (Grand Island
Biological Company) was added. Every 10 days, the rabbits were boosted with
the same quantity of antigen in Freund's complete adjuvant. 4 injections
vere performed, and one week after the last boost, the rabbits vere bled
and sera were collected. The immunoglobulin fractions were prepared from
serum by a 50 % ammonium sulfate precipitation, and further purified by
DEAE-Cellulose chromatography (DE 52 Whatman), using a 100 mM sodium phosphate
buffer pH 6.8. Control IgG was isolated from control rabbit sera in an iden-
tical manner. The purity of the IgG fractions, verified by electrophoresis
on cellulose acetate (100 mM tris-barbital buffer pH 8.8) was at least of
85 %.

Ouchterlony double-diffusion analysis : The immunodiffusion plates were
made with 0.9 % agarose, 80 mM NaCl, 15 mM sodium azide dissolved in 1 M gly-
cine buffer pH 7.4, The plates loaded with the antigens and the antibodies
were incubated at room temperature in a humid atmosphere for at least 24
hours.
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Enzymatic assays and inhibition of enzyme activities by antibodies
Drug metabolizing activities : aniline hydroxylation, &4-nitroanisole-0-deme-
thylation and benzphetamine N-demethylation were assayed in microsomes as pre-
viously described (19) and in reconstituted systems using purified P 450
forms. For the latter, monooxygenase activities were measured after a 10 min
incubation in the following medium : 0,16 mM dilauroyl phosphatidylcholine,
0.46 mM sodium cholate, 500 U x nmol-l cytochrome P 450 of NADPH cytochrome
c reductase, 0.3 to 0.6 pM purified cytochrome P 450, 1 mM substrate and
buffers. For the substrates aniline and 4-nitroanisole, the buffer used con-
tained 100 mM sodium phosphate pH 7.4, 10 mM magnesium chloride and 20 per-
cent (v/v) glycerol. For the substrate benzphetamine, the buffer used was the
same without glycerol. Formaldehyde produced was measured according to Nash's
method (20).

Inhibition of these three enzyme activities by antibodies was per-
formed on microsomes. Microsomes were preincubated with various amounts of
IgG from sera of immunized or non-immunized rabbits at 23°C for 10 min before
the start of the reactions. The inhibitory effect of the antibodies was cal-
culated using the catalytic activities in the presence of the same amount
of control IgG as 100 percent.

Assays : Cytochrome P 450 (21), proteins (22) and NADPH cytochrome c re-
ductase (19) were measured according to described methods.

RESULTS AND DISCUSSION

The main form of cytochrome P 450 in control microsomes is the P 450

A2 form, called P 450 AZNI (scheme 1). This form was obtained with a specific

activity of 11.8 nmol x mg~%

proteins ; by SDS-PAGE, we observed one major
band and two faint bands (data not shown), showing a slight contamination of
the purified P 450 AZNI. The anti P 450 AZNI antibody reacts with the homo-
logous antigen in a single precipitin band but reacts slightly with P 450B NI
forms. The latter reaction might be due to either a cross-reaction, or a faint
contamination of the anti P QSUAZNI antibody by an antibody against the P 450
BNI fraction. The second hypothesis seems more likely since the cytochrome

P 450 used to immunize the rabbits was probably slightly contaminated by
P 450 BNI forms. The anti P 450 AZNI antibody does not recognize the cytochro-
me P 450 BZPB (fig. 1lA). The main form of cytochrome P 450 in microsomes from
phenobarbital-treated rats is the B2 form, called P450 B,PB (scheme 1). This
form was purified to homogeneity as shown by its specific activity (22.4

nmol x mg—l proteins) and by SDS-PAGE (one single band)(data not shoun). The

anti P 450 BZPB antibody reacts only with the cytochrome P 450 BZPB in a sin-
gle precipitin band, showing the high specificity of this antibody (Fig. 1B).

In reconstitution experiments, the cytochrome P 450 AZNI supported
a high aniline hydroxylase activity (1.1 nmol of p-aminophenol formed x min'l
x nmol™1 cytochrome P 450) and low benzphetamine and 4-nitroanisole demethy-
lase activities (0.17 nmol of formaldehyde, 0.18 nmol of p-nitrophenol formed

1

x min~! x nmo1~! cytochrome P 450 respectively). Moreover, the cytochrome

P 450 BZPB in the same conditions, supported high benzphetamine- and 4-nitro-
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PURIFICATION METHOD
Micrasomes
0. 2% cholate

Solubilized” Microsomes

yT Sepharose

Cytochrome P 450

P 450A Pas0B
SmM 100mM 5mM 100mM
. = = -
PO, PO, PO3 o
PA50A; P450A, Pa50B, P08,
Scheme 1 : Purification method of cytochrome P 4504

In control microsomes, at least two fractions of cytochrome

P 450 B were eluted on DEAE cellulose. They were obtained in
low amounts, pooled, called P 450 BNI and not further purified.
In microsomes from phenobarbital-treated rats, one cytochrome
P 450 B form, very predominant, was further purified and sepa-
rated into Bl and BZ'

anisole demethylase activities (7. 4 nmol of formaldehyde, 2.6 nmol of p-ni-

Ly nmo11 cytochrome P 450 respectively) and low

aniline hydroxylase activity (0.03 nmol of p-aminophenol formed x min'l X

trophenol formed x min~

nmc:l"1 cytochrome P 450), The residual amount of emulgen 911 is similar in
purified P 450 A NI and P 450 B,PB and cannot explain the differences obser-
ved in monooxygenase activities. These results confirm our hypothesis, but
purified forms could have been more or less inactivated during purification
procedure. Consequently, we have performed inhibition experiments in microso-

mes with antibodies.

The complete inhibition of aniline hydroxylase activity by the anti-
AZNI antibody, irrespective of the type of microsomes confirms that this ac-
tivity is mainly supported by the cytochrome P 450 AZNI (Fig. 2A). It indi-
cates too that this P 450 form is present in similar amounts in microsomes
from control and phenobarbital-treated rats. Aniline hydroxylase is not affec-
ted by the anti P 450 BZPB antibody, excluding the involvement of the cytochro
me P 450 BZPB in this activity (Fig. 2B). The faint contamination of the anti
P 450 AZNI antibody by anti P 450 B did not modify this result because P 450 B
forms are very slightly active on aniline hydroxylase activity. The inhibition
patterns of other moncoxygenase activities by anti P 450 AZNI antibody could
not be tested because of limited amounts of the antibody.
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A B

Fig. 1A : Ouchterlony double-diffusion analysis

Center well : 0.28 mg anti P 450 A,NI antibody
Peripheral wells : 0.05 nmol cytochrome P 450 (1 : P 450 AsNI ;
2 : P 450 B NI ; 3 : P 450 BZPB ; 4,5,6 : Hemoglobin).

Fig. 1B : Ouchterlony double-diffusion analysis

Center well : 0.046 mg of P 450 BpPB-IgG antibody

Peripheral wells : 0.04 nmol.cytochrome P 450 (1 : P 450 B,PB,
2 : P 450 AgPB, 4 : P 450 BoPB, 6 : P 450 ApNI) ; 0.14 nmol.
cytochrome P 450 (3 : P 450 ApPB, 5 : P 450 AgNI).

The inhibition of benzphetamine N demethylase activity by the anti-
P 450 BZPB antibody (Fig. 3A) shows that the cytachrome P 450 BZPB is the main
form responsible for this activity in microsomes from phenobarbital-treated
rats, wvhile in control microsomes, other forms of cytochrome P 450 are able
to metabolize benzphetamine. The slight inhibition of the enzymatic activity
in control microsomes suggests the presence in these microsomes of a little
amount of cytochrome P 450 BZPB. This result agrees with previous reports from
Thomas et al. (23) who have found 2 percent of the form of cytochrome P 450
induced by phenobarbital treatment (called P 450 b) in control microsomes.
Moreover, the phenobarbital-induced P 450 has been localized by immunoche-
mistry in control rat liver (24). Thomas et al. (25) have observed different
inhibition pattern by the antibody : no difference appeared between control
and phenobarbital-treated animals. We have no explanation for this discrepan-
cy.

The inhibition of 4-nitroanisole 0 demethylase activity by anti
P 450 B2

thylase, but the inhibition observed in microsomes from phencbarbital-treated

PB antibody looks like the one observed with benzphetamine N deme-
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Fig. 2A : Effect of varying amount of APNI-IgG antibody on aniline hydro-
xylation catalyzed by liver microsomes from control and PB-
treated rats. The turnover numbers for PB and NI microsomes were
0.26 and 0.45 nmol of p-aminophenol formed x min~1 x nmol-1 cyto-
chrome P 450, respectively.

Fig. 2B : Effect of varying amount of B,PB-IgG antibody on aniline hydro-
xylation, catalyzed by liver microsomes from control and PB-
treated rats. The turnover numbers for PB and NI microsomes were
0.30 and 0.53 nmol ofp-aminophenol formed x min-1 x nmol-1 cyto-

chrome P 450, respectively.

rats is weaker (Fig. 3B). This indicates that the cytochrome P 450 BZPB is

responsible for an important part of this activity in microsomes from pheno-
barbital-treated rats, but that there are other forms able to metabolize 4-
nitroanisole, The anti P 450 BZPB antibody inhibits 4-nitroanisole-0-demethy-
lase activity to a lesser extent than benzphetamine N-demethylase activity,

vhich indicates that cytochrome P 450 BZPB is more specific towards the lat-
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A mg ¥ globulin / nrol P450 8 mg ¥ globulin /nmal P450

Fig. 3A : Effect of varying amount of B.PB-IgG antibody on benzphetamine
N demethylation catalyzed by %iver microsomes from control and
PB-treated rats. The turnover numbers for PB and NI microsomes
wvere 7 and 2.3 nmol of formaldehyde formed x min~* x nmol-1 cy-
tochrome P 450, respectively.

Fig. 3B : Effect of varying amount of B,PB-IgG antibody on 4-nitroanisole
0 demethylation catalyzed by liver microsomes from control and
PB-treated rats. The turnover numbers for PB and NI microsomes
were 2 and 1.2 nmol of p-nitrophenol formed x min-1 x nmol-1
cytochrome P 450, respectively.

552



Vol. 101, No. 2, 1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

ter activity. In control microsomes, it is confirmed that the cytochrome
P 450 BZPB exists and that there are other forms responsible for this acti-
vity.

In conclusion, we have clearly shown that in liver microsomes from
untreated rats, the cytochrome P 450 AZNI is the major form responsible for
aniline hydroxylase activity. In these microsomes, there exists other cyto-
chrome P 4505 and beyond them a little quantity of P 450 B

from phenobarbital-treated animals, P 450 BZPB is the major form mainly res-

2PB. In microsomes
ponsible for benzphetamine- and 4-nitroanisole-demethylase activities. In these
microsomes, the cytochrome P 450 AZNI is present and responsible for almost

all aniline hydroxylase activity.

ACKNOWLEDGEMENTS

This work was supported by grants from INSERM (CRL 79-5-216-4) and
DGRST (CAN 80-7-0449),

REFERENCES

1. Guengerich , (1978) J. Biol. Chem. 253, 7931-7939.

2. Ryan, D.E., Thomas, P.E., Korzeniowsky, D. and Levin, W. (1979) J. Biol,
Chem. 254, 1365-1374.

3. Masuda-Mikawa, R., Fujii-Kuriyama, Y., Negishi, M. and Tashiro, Y. (1979)
J. Biochem. 86, 1383-1394,

4. MWarner, M., Vella LaMarca, M. and Neims, A.H. (1978) Drug Metab. Dispos.
6, 353-362.

5. Dent, J.G., Graichen, M.E., Schnell, S. and lLasker, J. (1980) Toxicol.
Appl. Pharmacol. 52, 45-53.

6. Kaminsky, L.S., Fasco, M.J. and Guenguerich, F,P. (1980) J. Biol. Chem.
255, 85-91.

7. Johnson, E.F. (1980) J. Biol. Chem. 255, 304-309.

8. Koop, D.R. and Coon, M.J. (1979) Blochem. Biophys. Res. Commun. 91, 1075-
1081.

9. Kamataki, I., Kitada, M., Chiba, K., Kitagawa, H., Imai, Y. and Sato, R.
(1980) Biochem. Pharmacol. 29, 1141-1147.

10. Alvares, A.P. and Kappas, A (1977) J. Biol. Chem. 252, 6373 6378.

11. Cresteil, Th., Mahu, J.L., Dansette, P.M. and Leroux, J.P. (1980) Biochem.
Pharmacol 29 1127-1133

12. Guengerich | . (1977) J. Biol. Chem. 252, 3970-3979,

13. Elshourbagy, N A and Guzelian, P.S. (l§-—7 J. Biol. Chem. 255, 1279-1285.

14. Ryan, D.E., Thomas, P.E. and Levin, W. (1980) J. Biol. Chem, 2 255 7941~
7955,

15. Beaune, Ph., Dansette, P., Flinois, J.P,, Columelli, S., Mansuy, D. and
Leroux, J.P. (1979) Biochem. Biophys. Res. Commun. 88, 826-832.

16. Huana, M., West, S.B., Lu, A.Y.H. (1976) J. Biol. Chem. 251, 4659-4665.

17. Guengerich , F. P (1977) Mol. Pharmacol. 13, 911-923.

18. Laemmli, U.K. (1970) Nature 227, 680-685.

19. Mazel, P, in Ladu, B.N., Mandel, H.G. and Way, E.L, (Eds) (1971) Fundamen-
tals of Drug Metabolism and Drug Disposition. Chap. 27, pp. 546-582.
Williams and Wilkins, Baltimore.

20. Nash, T. (1953) Blochem. J. 55, 416-421.

21. Omura, T. and Sato, R. (1964) J. Biol. Chem. 239, 2370.

22. Lowry, O.H., Rosebrough N.J., Farr, A.L. and Randall R.J. (1951) J. Bioel.
Chem. 193, 265.

553



Vol. 101, No. 2, 1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

23. Thomas, P.E., Ryan, D.E. and Levin, W, (1980) Microsomes, Drug Oxidations
and Chemical Carcinogenesis (Eds Coon M.J.). Vol. I, pp. 179-182. Acade-
mic Press, Inc.

24, Baron, J., Redick, J.A. and Guengerich , P. (1978) Life Sci. 23, 2627-
2632.

25, Thomas, P.t., Lu, A.Y.H,, West, S.B., Ryan, D., Miva, G.T. and Levin, W.
(1977) Mol. Pharmacol. 13, 819-831.

554



