Vol. 104, No. 1, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
January 15, 1982 Pages 193-199

IMMUNOLOGICAL ANALYSIS OF THE ROLES OF TWO MAJOR TYPES OF CYTOCHROME P-450
IN MUTAGENESIS OF COMPOUNDS ISOLATED FROM PYROLYSATES

Junko Watanabe, Kaname Kawajiri, Hiromichi Yonekawa,
Minako Nagao* and Yusaku Tagashira

Department of Biochemistry, Saitama Cancer Center Research Institute, Ina-machi,

Kitaadachi-gun, Saitama 362, and *Biochemistry Division, National Cancer Center
Research Institute, 5-1-1, Tsukiji, Chuo-ku, Tokyo 104, Japan.

Received November 20, 1981

The roles of two major types of cytochrome P-450 in the metabolic acti~
vation of ten compounds isolated from pyrolysates were examined in Ames' test
system with specific antibodies against respective major types of cytochrome
P~450 of rat liver microsomes induced by phenobarbital(PB) and 3-methyl~
cholanthrene(MC), which are called PB-P-450 and MC-P-448. The mutagenic acti-
vation of all ten compounds derived from pyrolysates of tryptophan, glutamic
acid, lysine, broiled sun-dried sardines and soy bean globulin by the $-9
fraction prepared from rat liver treated with polychlorinated biphenyls was
inhibited more than 70% by antibody to MC-P-448. However, none were inhibited
appreciably by antibody to PB~P-450, except lysine pyrolysate, which was in-
hibited about 20%. Furthermore, the mutagenicity of each compound tested was
completely inhibited by antibody to NADPH-cytochrome P-450 reductase. It is
concluded that the pyrolysis products examined in this study are activated to
form mutagenic intermediates selectively by MC-P-448 in microsomes.

INTRODUCTION

Pyrolysates of proteins showed mutagenicity (1,2) and ten heterocyclic
aromatic amines and a heterocyclic aromatic hydrocarbon were isolated from
pyrolysates as potent mutagens. Among these, Trp-P-1 and Trp-P-2 were found
to be hepatocarcinogenic (3,4,5), and much attenticn has paid to them as possi-
ble cause of human cancer. As is the case for many other mutagenic compounds,
metabolic activation is needed for these pyrolysates to exert their mutagenic
effects on the organism (6). The involvement of microsomal cytochrome P-450-

dependent monooxygenase in the activation of Trp-P-1 and Trp-P-2 to mutagenic

Abbreviations: PB, phenobarbital; MC, 3-methylcholanthrene; PCB, poly-
chlorinated biphenyls; Trp-P-1, 3-amino-1,4-dimethyl-5H-prido[4,3-blindole;
Trp-P~2, 3-amino-l-methyl-5H-pyrido[4,3-blindole; Glu-P-1, 2-amino-6-methyl-
dipyrido[1,2—§;3‘,2'5g]imid§zole; Glu~P-2, 2-~amino-dipyrido[1,2-a:3',2'-d]-
imidazole; 1Q, 2-amino-3-methylimidazo[4,5-f]quinoline; MeIQ, 2-amino-3,4-
dimethylimidazo[4,5-f]quinoline; AaC, 2-amino-9H~pyrido[2,3-b]indole; MeAaC,
2-amino-3-methyl-9H-pyrido[2,3-b}indole; 3-acetyl-Trp-P-1, 3-acetamide-1-
methyl-5H-pyrido[4,3-b]indole; Lys-P-1, 3,4-cyclopentenopyrido[3,2-ajcalbazole.
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intermediates has recently been demonstrated using a reconstituted monooxy-
genase system (7).

However, there are various forms of cytochrome P-450 in the microsomal
membrane and the contents of each of these forms are varied by the adminis-
tration of chemical compounds (8). Thus, it is important to determine what
type of cytochrome P-450 is responsible for the mutagenesis of pyrolysis
products in the whole microsomal membrane.

We previously showed the roles of two major types of microsomal cyto-
chrome P-450 in the mutagenesis of various carcinogens by use of specific
antibodies against PB-P-450 and MC-P-448, and found that the contributions of
the two types of cytochrome P-450 to the metabolic activation differ for
various carcinogens (9).

In this study, we investigated the contributions of the two types of
cytochrome P-450 to mutagenesis by ten chemicals from pyrolysates of amino
acids, protein, and proteinous foods using specific antibodies to these two
cytochrome P-450 species, and found that all the mutagens are activated

selectively by MC-P-448 in microsomes.

MATERTALS AND METHODS

Preparation of S-9 fraction and microsomes from rat liver: Male Sprague-
Dawley rats weighing 200 to 300g were used. PCB (Kanechlor KC 500) was
injected intraperitoneally into rats once daily for three successive days at
100mg/kg body weight. The S-9 fraction and microsomes from PCB-treated rat
liver were prepared as described previously (9).

Analytical procedures: The content of total cytochrome P-450 in the
microsomes was found to be 166.0pg/mg protein by the CO-differential spectro-
photometric method (10). The contents of PB-P-450 and MC-P-448 were analyzed
by the immunoprecipitation method (11), and found to be 75.0ug/mg and 60.0
Ug/mg, respectively. Protein was determined by the method of Lowry et al. (12).

Preparation of specific antibodies against microsomal electron transport
components: PB-P-450 and MC-P-448 were purified from the liver microsomes of
rats pretreated with phenobarbital and 3-methylcholanthrene , respectively,
as described by Harada and Omura (11). The specific contents of the two puri-
fied preparations were about 17.0nmoles/mg of protein. NADPH-cytochrome P-450
reductase was purified as described by Omura and Takesue (13). Preparation
and purification of antibodies against three microsomal electron transport
components were carried out as described previously (14). Anti-PB-P-450 and
anti-MC-P-448 immunoglobulin inhibited the benzphetamine-N-demethylase and
arylhydrocarbon hydroxylase activities, respectively, of microsomes from PCB-
treated rat liver (9). The results of an Ouchterlony immunodiffusion test are
shown in Figure 1,

Mutagenesis assay in the presence of antibody: Salmonella typhimurium
strain TA98 was used. Mutagenesis assay in the presence of antibody was
carried out as described previously (9). Before the addition of mutagens, S-9
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Figure 1. Ouchterlony immunodiffusion test of the antibodies. The experi-
mental conditions were as described previously (9), except that sodium cholate
was omitted from the gel plate with antibody to NADPH-cytochrome P-450 reductase.
(A). Well 1 contained antibody to PB-P-450, Well 2 and 3 contained partially
purified PB-P-450 and MC-P-448, respectively. (B). Well 1 contained antibody
to MC-P-448, Wells 2 and 3 were the same as for (A). (C). Well 1 contained
antibody to NADPH-cytochrome P-450 reductase. Wells 2 and 3 contained buffer
and partially purified NADPH-cytochrome P-450 reductase, respectively.

fraction was preincubated with antibodies at 25°C for 20 min, and then muta-
genicity was assayed by the preincubation method (15). The S-9 protein con-—
centration used for each pyrolysis product was on the linear portion of the
curve for inducing mutations. Mutagenesis assay was performed in duplicate.
Experimental conditions for mutagenic assay of pyrolysis products in the
presence of antibodies are showed in Table 1.

Chemicals: PCB (Kanechlor KC 500) was from Oriental Yeast Co, Tokyo.
The 10 compounds tested for mutagenicity were kindly donated by Dr. T. Sugi-
mura, National Cancer Center Research Institute, Tokyo. Trp-P-1 and Trp-P-2,
which were originally isolated from a tryptophan pyrolysate, were used in
their acetate form. AaC and MeAoaC, which were originally isolated as mutagens
from soy bean globulin pyrolysate, were also used as their acetates. Glu-P-1
and Glu-P-2, which were isolated from a glutamic acid pyrolysate, were used as
hydrochlorides. Lys-P-1, which was originally isolated from a lysine pyro-
lysate, IQ and MeIQ,isolated from broiled sun-dried sardines, and 3-acetyl-
Trp-P-1 were used as their free forms. Other chemicals were standard products
of reagent grade.

RESULTS

Inhibition of mutagenic activity by antibody to NADPL-cytochrome P-450

reductase. We studied the effect of antibody to NADPH-cytochrome P-450 reduc-
tase on the mutagenic activities of the 10 pyrolysis products, since this anti-
body inhibits electron flow between NADPH~cytochrome P-450 reductase and all
forms of cytochrome P-450. Figure 2 shows the effect of the antibody on the
mutagenic activities of Trp~P-1 and Trp-P-2. The mutagenicities of Trp=-P-~1 and
Trp-P-2 were both inhibited 927 by a concentration of 24.5mg of antibody per
nmole P-450., Similar inhibitory effects of the antibody were observed on the

mutagenic activities of other pyrolysis products (data not shown). It was
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Table 1

Experimental conditions for assay of mutagenesis of pyrolysis products in the
presence of antibodies

Pyrolysis Trp~ Trp~ Glu- Glu- 1Q MeIQ  AGC MeAaC 3~Acetyl~- Lys-

products p-1 P-2 P-1 P-2 Trp-P-1 P-1

Dose

(ug/plate) 0.05 0.03 0.5 3.5 0.02 0.005 2.5 6.0 5.0 8.0

Total P-450

(nmoles/plate) 0.19 0.19 0.31 0.31 0.30 0.30 0.52 0.52 0.30 0.50
*

No. of Hist(®)

revertants 2638 3882 17550 1736 3673 3257 1993 1326 1654 674

(*), in the presence of control Ig.

concluded that all the pyrolysis products used in this study were metabolized
to mutagenically active forms by the microsomal electron transport system.

Effects of antibodies to PB-P-450 and MC-P-448 on the mutagenic activa~

tion. We examined the contribution of PB-P-450 and MC-P-448 to mutagenic
activation of the 10 pyrolysis products using specific antibodies. Figure 3
shows the effects of the antibodies on the mutagenic activations of Trp~P-1
and Trp-P-2. The mutagenic activities of both compounds were inhibited 89%
by a concentration of 24.5mg of antibody to MC-P-448 per nmcles P-450, whereas

antibody to PB~P-450 hardly inhibited the mutagenic activation. In the same
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Figure 2. Effect of antibody to NADPH-cytochrome P-450 reductase on the
mutagenic activities of Trp-P-1 and Trp-P-2. Trp-P-1 (0.05ug) and Trp-P-2
(0.03pug) were incubated with 0.19mmoles of cytochrome P-450 in the $-9 fraction
of PCB;treated rat liver per plate in the presence of the antibody. The number
of His revertants of Trp-P-1 and Trp-P-2 in the presence of control immuno-
globulin were 2368 and 3882, respectively. ¢, Trp-P~l; @, Trp-P-2.

Figure 3. Effects of antibodies to PB-P-450 and MC-P-448 on the mutagenic
activities of Trp-P-1 and Trp-P-2. +Exper1mental conditions were as described
in the legend to Figure 2. The His revertants in the presence of antibody to
PB-E—ASO (®) and MC-P-448 (O) are shown in the figures as percentages of the
His revertants assayed with control immunoglobulin.
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Figure 4. Dependency on metabolic activation of 10 pyrolysis products,
This figure summarizes the effects of antibodies on the mutagenicities of the
10 pyrolysis products. The percentage inhibitions of mutagenicity in the
presence of excess antibody to PB-P-450 (M) and MC-P-448 ([p) are indicated.
These values indicate the dependency of the mutagenicities on the corresponding
molecular species of cytochrome P-450.

way, we examined the roles of the two types of cytochrome P-450 in mutagenesis
by the other pyrolysis products. The inhibitions of various pyrolysis products
by the antibodies against the two types of cytochrome P-450 are summarized in
Figure 4. Judging from this figure, we conclude that the pyrolysis products
used in this study are activated selectively by MC-P-448 in the microsomes of

rat liver.

DISCUSSION

In this work, using specific antibodies against microsomal electron trans-
port components, we studied the first step of metabolic activation of 10 com-
pounds obtained from pyrolysates by Ames' test system. We demonstrated direct~
1y the involvement of the microsomal electron transport system in the activa-
tion of these pyrolysis products by showing that the mutagenic activities of
Trp-P-1 and Trp~P-2 are completely inhibited by antibody to NADPH-cytochrome
P-450 reductase (Figure 2). NADPH-cytochrome P-450 reductase is present as a
single enzyme and mediates in electron transfer from NADPH to all forms of
cytochrome P-450 on microsomal membranes (8). Thus, the rate of inhibition of
mutagenic activity of the carcinogen by antibody to NADPH-cytochrome P-450
reductase should indicate the total activities mediated by various forms of
cytochrome P-450, even if different molecular species of cytochrome P-450 par—

ticipate in the mutagenic activity of each carcinogen.
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Although similar concentrations of PB-P-450 and MC-P-448 are present in
microsomes from PCB-treated rat liver, antibody to MC-P-448 inhibited the muta-
genic activities of all the compounds tested more than 70%, whereas antibody
to PB-P-450 was scarcely inhibitory. Thus, we conclude that all the pyrolysis
products tested were selectively activated to mutagenic forms by MC-P-448 in
liver microsomes. These results obtained with specific antibodies are con-
sistent with the results of Ishii et al. (7) and Nebert et al. (16) obtained
with a reconstituted system of microsomal monooxygenase and by the genetic
approach, respectively. Furthermore, since mutagenic activation was inhibited
about 907 by excess antibodies to NADPH-cytochrome P-450 reductase and to MC-P-
448, the other minor components of cytochrome P-450 present in microsomes of
PCB-treated rat liver do not participate in the metabolic activation of pyro-

lysis products.
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