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SUMMARY

The hydroxylation of 3,4-benzpyrene by the reconstituted liver microsomal system from
rats treated with 3-methylcholanthrene required cytochrome P-448, NADPH-dependent
reductase, and lipid for maximal activity. Synthetic phosphatidylcholine could replace the
lipid fraction, while detergents such as Triton X-100, sodium deoxycholate, and sodium
cholate could only partially replace the lipid fraction. The apparent K,, values of NADPH
and NADH were 7.04 uM and 362 uM, respectively.

The apparent K,, of 3,4-benzpyrene was 1.53 um for the reconstituted system from rats
treated with phenobarbital and 2.87 uwm for the reconstituted system from rats treated with
3-methylcholanthrene. Although the source of the reductase preparation (from either 3-
methylcholanthrene- or phenobarbital-treated rats) did not appear to affect the Kn of 3,4-
benzpyrene in the cytochrome P-450-dependent system, the K. of 3,4-benzpyrene in the
cytochrome P-448-dependent system was significantly increased when the reductase from
3-methylcholanthrene-treated rats was replaced with the reductase from rats treated with
phenobarbital. In contrast, the lipid fractions from phenobarbital- and 3-methylcholan-
threne-treated rats were interchangeable, and thus the source of lipid did not affect the K.,
of 3,4-benzpyrenc in either of the reconstituted systems.

The cytochrome P-450 fractions from rats treated with phenobarbital was only 10 % as
active as the cytochrome P-448 fraction in catalyzing the hydroxylation of 3,4-benzpyrene
in the presence of reductase and lipid. Cytochrome P-448- and P-450-dependent 3,4-benz-
pyrene hydroxylations could be selectively affected by various compounds, which suggests—
along with other indirect evidence—that the low activity with cytochrome P-450 for 3,4-
benzpyrene hydroxylation is due to an inherent property of eytochrome P-450 and is not due
to contamination of the cytochrome P-450 preparation with cytochrome P-448.

INTRODUCTION cyclic hydrocarbons such as 3-methylcholan-
threne. Subsequent studies (3-8) have sug-
gested that the increase in 3,4-benzpyrene
hydroxylase activity in rats after 3-MC!
treatment may be related to the formation
of a new hemoprotein called cytochrome P-

The hydroxylation of 3,4-benzpyrene in
liver microsomes was shown by Conney
etal. (1, 2) to require NADPH and molec-
ular oxygen. These investigators also de-
scribed the now widely recognized induction
in animals of 3,4-benzpyrene hydroxylase 1 The abbreviations used are: 3-MC, 3-methyl-
activity by the prior administration of poly- cholanthrene; PB, phenobarbital.
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4482 s0 named because it is spectrally dis-
tinet from the cytochrome P-450 found in
untreated or phenobarbital-treated rats (3,
9, 10). As a result of the induction of its
metabolism by polycyclic hydrocarbons, 3,4-
benzpyrene has been widely used as a model
“3-MC-inducible” substrate, in contrast to
the many “PB-inducible’ substrates.

Silverman and Talalay (11) were able to
solubilize the 3,4-benzpyrene hydroxylase
system by treatment of rat liver micro-
somes with Triton N-101. This preparation
was relatively stable and was capable of
hydroxylating 3,4-benzpyrene. However, no
resolution of this multienzyme system was
achieved. Using the technique developed by
Lu et al. (12-15), we have recently resolved
the 3,4-benzpyrene hydroxylase system from
rats treated with 3-MC into three fractions,
containing cytochrome P-448, NADPH-de-
pendent reductase, and lipid (16). When the
metabolism of a variety of substrates by the
reconstituted systems prepared from rats
treated with either PB or 3-MC was studied,
it was found that the substrate specificity for
hydroxylation resides primarily in the cyto-
chrome fraction rather than in the reductase
or lipid fraction (16-19). Thus, in agreement
with induction studies, the cytochrome P-448
fraction was far more active than the cyto-
chrome P-450 fraction for 3,4-benzpyrene
hydroxylation. These results were inter-
preted to indicate that the cytochrome P-448
fraction is catalytically different from the
P-450 fraction.

In this paper the properties of the recon-
stituted and microsomal 3,4-benzpyrene
hydroxylase systems are compared. In addi-
tion, differences between the reconstituted
cytochrome P-448- and P-450-dependent
hydroxylations of 3,4-benzpyrene® are de-
scribed.

3 The cytochrome induced by 3-methylcho-
lanthrene administration to rats has been re-
ferred to as P-448 (3), P1-450 (9), or P-446 (10). In
this paper cytochromes P-448 and P-450 will be
used to denote the microsomal CO-binding pig-
ments induced by the administration to rats of
3-methylcholanthrene and phenobarbital, respec-
tively.

3 The cytochrome P-450- and P-448-dependent
3,4-benzpyrene hydroxylation systems refer to the
reconstituted systems obtained from rats treated
with phenobarbital and 3-methylcholanthrene,
respectively.
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METHODS

Male Long-Evans rats (from Blue Spruce
Farms, Altamont, N. Y.), weighing 50-55 g,
were treated intraperitoneally with PB (100
mg/kg/day) or 3-MC (25 mg/kg/day) once
daily for 3 days. Liver microsomes were pre-
pared as previously described (12). The
method of solubilization and partial purifi-
cation of cytochrome P-448 (from 3-MC-
treated rats) and P-450 (from PB-treated
rats), and the method of preparation of the
lipid fractions, have recently been described
(19). Cytochrome P-448 and P-450 concen-
trations were determined by the method of
Omura and Sato (20), using the same extinc-
tion coefficient (91 mm~! em™!) for both cy-
tochromes. When the heme content of these
preparations was determined by the pyridine-
hemochromogen method (20), the extinction
coefficient for A9 or Ass_ie was found
to be within 10 % of 91 mm~! em™.

The reductase fraction was prepared from
PB microsomes or 3-MC microsomes,* as
previously described (19), with two major
modifications. The microsomes were ex-
tracted with acetone kept at room tempera-
ture (22°), rather than with acetone chilled
to —20°. Warm acetone was more effective
than chilled acetone in extracting lipids from
microsomes. After sonication and solubiliza-
tion by sodium deoxycholate of the acetone-
treated microsomes, the soluble fraction was
subjected to ammonium sulfate fractiona-
tion, rather than to DEAE-cellulose column
chromatography. Solid ammonium sulfate
was added to the clear, yellow, soluble frac-
tion (generally 130 ml from 600 mg of micro-
somal protein) to 40% saturation. The mix-
ture was stirred for 20 min and centrifuged
at 37,000 X g for 10 min, and the precipitate
was discarded. Additional solid ammonium
sulfate was added to the supernatant fluid to
80% saturation; the mixture was again
stirred and centrifuged. The resulting pre-
cipitate from 40 to 80 % saturation was dis-
solved in about 10 ml of a buffer mixture
containing 0.02 M potassium phosphate (pH
7.7), 0.1 mm EDTA, 0.1 mm dithiothreitol,
and 10 % glycerol, and was dialyzed against

* PB microsomes and 3-MC microsomes refer
to the microsomes prepared from rats treated with
phenobarbital and 3-methylcholanthrene, respec-
tively.
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2 liters of the same buffer mixture overnight.
The dialyzed sample was centrifuged at
37,000 X ¢ for 10 min. The clear, yellow
preparation was made 1 mum with respect to
dithiothreitol and stored, in small aliquots,
under nitrogen at —20°. The final reductase
preparations from rats treated with PB or
3-MC generally had the same specific ac-
tivities (i.e., 500 and 200 units/min/mg of
protein, respectively) as those obtained from
the original procedure (19). One unit of re-
ductase is defined as the amount catalyzing
the reduction of 1.0 nmole of cytochrome ¢
per minute under the assay conditions de-
scribed previously (13). The total recovery
was approximately 30% of the total micro-
somal cytochrome c-reducing ability. These
reductase preparations were stable for sev-
eral weeks.

The 3,4-benzpyrene hydroxylase activity
of microsomal suspensions, or of the reconsti-
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FiGg. 1. 3,4-Benzpyrene hydrorylation as a
Sfunction of incubation time in microsomal and re-
constituted systems

A, microsomes (3-MC, 0.05 mg of protein con-
taining 0.06 nmole of P-448); A, microsomes (PB,
0.10 mg of protein containing 0.18 nmole of P-450);
@, 0.22 nmole of cytochrome P-448, 0.02 mg of
reductase (PB, 12 units), and 0.1 mg of lipid
(3-MC); O, 0.29 nmole of cytochrome P-450, 0.02
mg of reduetase (PB, 12 units), and 0.1 mg of lipid
(3-MC). PB or 3-MC in parentheses above refers
to the fractions prepared from rats treated with
either phenobarbital or 3-methylcholanthrene.
Other components in the reaction mixtures (final
volume, 1.0 ml) were described in the text.
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A, microsomes (3-MC, 0.05 mg of protein con-
taining 0.06 nmole of P-448); @), reconstituted
system from 3-MC-treated rats (0.22 nmole of
cytochrome P-448; 0.04 mg of reductase, 10 units;
and 0.1 mg of lipid); O, reconstituted system from
PB-treated rats (0.29 nmole of cytochrome P-450;
0.05 mg of reductase, 23 units; and 0.1 mg of lipid).
The final volume was 1.0 ml. The pH values were
measured in the complete reaction mixture at 37°.

2. 8,4-Benzpyrene hydrozylation as a
of pH in microsomal and reconstituted

tuted system, was determined according to
the procedure of Nebert and Gelboin (21), as
previously described (19). The reaction mix-
ture, containing 100 umoles of potassium
phosphate buffer (pH 6.8), 3 umoles of
MgCl,, 0.4 pmole of NADPH, 80 nmoles of
3,4-benzpyrene (added in 0.04 ml of ace-
tone), and the necessary microsomal frac-
tions in a final volume of 1.0 ml, was incu-
bated at 37° for 5 min. Protein concentra-
tion was determined by the method of Lowry
et al. (22). 3,4-Benzpyrene, 3-methylcholan-
threne, NADPH, and horse heart cyto-
chrome ¢ were obtained from Sigma. 7,8-
Benzoflavone was purchased from Aldrich.
Synthetic lauroylglycerol-3-phosphorylcho-
line was the generous gift of Drs. M. J.
Coon and H. W. Strobel.

RESULTS

General properties. Previous studies had
established that the hydroxylation of 3,4-
benzpyrene by the reconstituted system
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F1a. 3. Double-reciprocal plot for determination of K. of NADPH and NADH for 8,4-benzpyrene

hydrozylation in the reconstituted system

The reaction mixtures contained, in addition to the usual components, the following fractions pre-
pared from rats treated with 3-MC: 0.22 nmole of cytochrome P-448, 0.04 mg of reductase (10 units),
and 0.1 mg of lipid. The final volume was 1.0 ml. The apparent K calculated from the plot was identical
with the value obtained with a GE-600 computer, using a FORTRAN program written by W. W. Cleland.

prepared from rats treated with 3-MC re-
quired the cytochrome P-448, reductase, and
lipid fractions for maximal activity (16). In
the determination of the activity of the re-
constituted system, it is essential that the
three components be added to the incubation
flask first and be thoroughly mixed before
the buffer and cofactors are added. The re-
sults are most consistent when this order of
addition is followed. Only one-third to two-
thirds of the activity is obtained when the
components are added in any other manner.
While the mechanism of this phenomenon is
not understood at present, the importance
of the order of addition of components has
been reported for another lipid-requiring en-
zyme system (23).

The rate of the reaction was linear for ap-
proximately 5 min, with either microsomes
or the reconstituted systems containing cyto-
chrome P-448 or P-450 (Fig. 1). Both the
microsomal and the reconstituted enzyme
systems exhibited the same broad pH opti-
mum, which extended from 6.7 to 7.2 (Fig.
2). NADH was only about 20 % as active as
NADPH in supporting the reaction with
microsomes (2). With the reconstituted

system, NADH at saturating levels was only
30 % as active as NADPH. The apparent Kn
values of NADPH and NADH were found
to be 7.04 um and 362 um, respectively (Fig.
3). In the presence of 0.2 mM NADH and
0.08 mmM NADPH, NADH inhibited the
NADPH-supported hydroxylation of 3,4-
benzpyrene by 13 %—rather than enhancing
it—as has been reported for NADPH-sup-
ported aminopyrine metabolism in micro-
somes (24).

Alvares et al. (25) reported that bovine
serum albumin enhanced 3,4-benzpyrene
hydroxylase activity when low microsomal
protein concentrations were used. With the
reconstituted system, as well as our micro-
somal preparations, albumin (0.5-2 mg/ml)
has been found to have no effect on the re-
action rate. The stimulatory effect of bovine
serum albumin may be due to the quality of
the water used for assay. Hayakawa and
Udenfriend® have observed that the stimu-
latory effect of albumin on 3,4-benzpyrene
hydroxylation in rat liver microsomes was
not consistent. In addition, 0.1 mm EDTA

s Personal communication.
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Fi1G. 4. 3,4-Benzpyrene hydrozxylation as a funclion of lipid or detergent concentration in reconstituted

system
The standard reaction mixtures contained 0.26

nmole of cytochrome P-448, 0.03 mg of reductase

(3-MC, 5 units), and the indicated amounts of lipid or detergent. @, crude lipid fraction from 3-MC-
treated rats; O, synthetic lauroylglycerol-3-phosphorylcholine; A, sodium deoxycholate; A, Triton
X-100; O, sodium cholate. The final volume was 1.0 ml.

was as effective as 1 mg of albumin per milli-
liter. In contrast to the Mg?*-dependent hy-
droxylation of 3,4-benzpyrene in the ham-
ster fetus cell culture system of Nebert and
Gelboin (21), magnesium ions are not re-
quired for the reaction.

Lipid requirement. Phosphatidylcholine
has recently been identified as the active
lipid component required for the hydroxyla-
tion of fatty acids, hydrocarbons, and a
number of drugs (26). As shown in Fig. 4,
rather low concentrations of synthetic
lauroylglyeerol-3-phosphorylcholine could
replace the crude lipid fraction in support-
ing 3,4-benzpyrenc hydroxylation. In this
particular experiment, lauroylglycerol-3-
phosphorylcholine was about 80 % as active
as the crude lipid fraction. In earlier ex-
periments, not shown here, the same syn-
thetic phospholipid was found to be as
effective as the crude lipid fraction. In
addition, certain detergents could also
partially replace the lipid fraction. For ex-
ample, Triton X-100 and sodium deoxy-
cholate slightly stimulated the reaction rate
at low concentrations, but were strongly
inhibitory at higher concentrations. Sodium
cholate stimulated the reaction slightly at
rather high concentrations. The same pattern
of stimulation and inhibition by Triton X-

100, sodium deoxycholate, and sodium
cholate was also observed with the recon-
stituted system obtained from PB-treated
rats. Recently Triton X-100 has also been
shown to stimulate the w-hydroxylation of
fatty acids in the reconstituted system from
porcine kidney cortex microsomes (27).
Inhibition studies. The presence of both
cytochromes P-450 and P-448 in liver micro-
somes has been suggested by a number of
investigators (28, 29). Since the cytochrome
P-448 and P-450 fractions used in the present
study were not highly purified, and the ex-
isting assay method (mainly the use of the
CO difference spectrum) cannot precisely
determine the percentage of each cytochrome
in a preparation, the relative amounts of
cross-contamination in the cytochrome frac-
tions are not known. Until the enzymes have
been totally purified, only indirect means are
available to determine whether the low ac-
tivity of the cytochrome P-450 fraction for
3,4-benzpyrene hydroxylation is due to the
P-450 itself or to the presence of small
amounts of P-448 in the cytochrome P-450
preparation. One approach employed in
these studies was to show a selective effect
on either the cytochrome P-448- or P-450-de-
pendent 3,4-benzpyrene hydroxylation re-
action by various compounds. 7,8-Benzo-
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¥16. 5. Effect of 7,8-benzoflavone on 3,4-benz-
pyrene hydroxylation in microsomal and reconsti-
tuied systems

A, microsomes (3-MC, 0.05 mg of protein; 1009,
activity, 0.56 nmole/5 min); A, microsomes (PB,
0.08 mg of protein; 100% activity, 0.21 nmole/5
min); @, reconstituted system from 3-MC-treated
rats (0.22 nmole of cytochrome P-448, 0.09 mg of
protein; 0.04 mg of reductase, 10 units; and 0.1 mg
of lipid; 100% activity, 1.17 nmoles/5 min); O,
reconstituted system from PB-treated rats (0.29
nmole of cytochrome P-450, 0.09 mg of protein;
0.04 mg of reductase, 17 units; and 0.1 mg of lipid;
100% activity, 0.30 nmole/5 min). The final volume
was 1.0 ml.

o7

flavone, aminopyrine, and SKF 525-A
(diethylaminoethyl diphenylpropylacetate)
were selected because they have previously
been shown to have a selective effect on
3,4-benzpyrene hydroxylation in micro-
somes from rats treated with PB or 3-MC
(7, 30, 31).

As shown in Fig. 5, 7,8-benzoflavone
strongly inhibited 3,4-benzpyrene hydroxy-
lation in 3-MC microsomes as well as in
the cytochrome P-448-dependent reconsti-
tuted system. On the other hand, in PB
microsomes, as well as in the cytochrome
P-450-dependent system, this compound in-
hibited the reaction slightly at low concen-
trations but stimulated the reaction at
higher concentrations. Aminopyrine, a sub-
strate of the microsomal hydroxylation sys-
tem, did not affect either the cytochrome
P-448 or the 3-MC microsomal system, but
inhibited both the cytochrome P-450 and
the PB-microsomal systems (Fig. 6). Al-
though the effect of a compound on the PB
microsomal and the cytochrome P-450-de-
pendent reconstituted systems differed
quantitatively (as shown in Figs. 5 and 6),
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the direction of the effect was the same with
both PB systems. The effect of both com-
pounds on the 3-MC microsomal and cyto-
chrome P-448 systems was more internally
consistent. The studies with 7,8-benzo-
flavone and aminopyrine were repeated,
using the same reductase and lipid fractions
and varying only the hemoprotein. The re-
sults were the same as reported for the re-
constituted system from PB- or 3-MC-
treated rats, indicating that the observed
differential effect is due to the hemoprotein,
rather than to the reductase or lipid. SKF
525-A at a concentration of 2 mm inhibited
the cytochrome P-450-dependent 3,4-
benzpyrene hydroxylation by 48 % but the
cytochrome P-448 system by only 9%. At
this same concentration, SKF 525-A in-
hibited 3,4-benzpyrene hydroxylation in PB
and 3-MC microsomes by 90 % and 60 %, re-
spectively. Both reconstituted systems could
be inhibited to a greater extent by increasing
the concentration of SKF 525-A. Thus the
microsomal 3,4-benzpyrene hydroxylation
system was more sensitive to inhibition by
SKF 525-A than the reconstituted system.
These selective effects strongly suggest that
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F16. 6. Effect of aminopyrine on 8,4-benzpyrene
hydrozylation in microsomal (A, 3-MC; A, PB)
and reconstituted (@, 8-MC; O, PB) systems

The concentrations of microsomes and various
fractions used were the same as described in Fig.
5. The activities for 1009, were 0.48, 0.17, 0.90,
and 0.24 nmole/5 min for the 3-MC microsomal,
PB microsomal, P-448 reconstituted, and P-450
reconstituted systems, respectively. The final vol-
ume was 1.0 ml.
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TasLE 1

Effects of various compounds on 3,4-benzpyrene hydroxylation by reconstituted systems from PB- and
8-MC-treated rals

The reaction mixtures (final volume, 1.0 ml) contained the usual components and the microsomal
fractions as follows: the reconstituted system from 3-MC-treated rats (P-448 system) consisted of 0.43
nmole of cytochrome P-448, 0.07 mg of reductase (10 units), and 0.1 mg of lipid; the reconstituted
system from PB-treated rats (P-450 system) contained 0.58 nmole of cytochrome P-450, 0.05 mg of
reductase (23 units), and 0.1 mg of lipid. The activities for 1009, were 1.34 and 0.26 nmoles/5 min for
the P-448 and P-450 systems, respectively. For compounds which were dissolved in methanol, a control
containing the same volume of methanol (0.05 ml) was included. The activities for 1009, in these con-
trols were 1.51 and 0.32 nmoles/5 min for the P-448 and P-450 systems, respectively.

Compound

Final concentration

None

EDTA

KCN

Cytochrome ¢

Menadione® 5
5

N-Ethylmaleimide
Iodoacetamide

p-Hydroxymercuribenzoate 5
8-Hydroxyquinoline® 5
1,10-Phenanthroline® 5
a,a’-Dipyridyls 5
Diethyldithiocarbamate® 5
Sodium azide

5

Activity
P-448 system P-450 system

M % %

100 100

102 112 100
10— 104 90
10-¢ 51 53
10—+ 21 15
X 10-¢ 97 99
X 10~¢ 8 6
10— 67 68
102 30 56
10— 11 22
X 10—® 5 4
X 1073 22 21
X 1078 38 39
X 103 55 55
X 1073 80 91
1073 103 90
X 1072 98 72
102 92 61

2 Dissolved in methanol.

the hydroxylation of 3,4-benzpyrene by
the cytochrome P-450- and P-448-dependent
reconstituted systems is catalyzed by differ-
ent enzymes, i.e., the two different cyto-
chromes.

The effects of a variety of other inhibitors
on the reconstituted cytochrome P-448- and
P-450-dependent 3,4-benzpyrene hydroxyla-
tion systems are summarized in Table 1.
No selective effect was found on either the
cytochrome P-448- or P-450-dependent sys-
tem with any of the following compounds.
As expected for the microsomal hydroxyla-
tion system, EDTA and KCN had no effect,
even at very high concentrations. Cyto-
chrome ¢ and menadione strongly inhibited
the reaction, presumably by serving as elec-
tron acceptors for the reductase. Among the

sulfhydryl-binding reagents tested, p-hy-
droxymercuribenzoate was the most potent
inhibitor. Metal-binding agents such as 8-
hydroxyquinoline, 1,10-phenanthroline, di-
ethyldithiocarbamate, and «a,a’-dipyridyl
also inhibited the systems. The only com-
pound which appeared to have a selective
effect was sodium azide. At concentrations
of 5 and 10 mm, sodium azide did not affect
the cytochrome P-448 system but inhibited
the cytochrome P-450 system by 28 % and
39 %, respectively.

Kinetic constants. In confirmation of
earlier reports by Alvares et al. (5,7), the ap-
parent K, of 3,4-benzpyrene in 3-MC mi-
crosomes (1.13 um) was found to be consid-
erably lower than that in PB microsomes
(7.70 um) (Fig. 7). However, when the
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F16. 7. Double-reciprocal plot for determination of Km of 8,4-benzpyrene in reconstituted (A, @, 3-MC;
O, PB) and microsomal (B, @, 3-MC; O, PB) systems

The concentrations of microsomes and various fractions used were the same as described in Fig. 5.
The final volume was 1.0 ml. Each point represents duplicate determinations. The apparent K., calcu-
lated from the plot was identical with the value obtained with a GE-600 computer, using a FORTRAN

program written by W. W. Cleland.

reconstituted system was used to determine
these kinetic constants, it was found that the
apparent K, of 3,4-benzpyrene in the sys-
tem prepared from PB-treated rats (1.53
uM) was lower than that obtained from 3-
MC-treated rats (2.87 um), as shown in Fig.
7. The maximal activity of the cytochrome
P-450-dependent reaction (0.005 nmole/
unit of reductase per minute) was approxi-
mately 10% of the cytochrome P-448-de-
pendent reaction (0.05 nmole/unit of re-
ductase per minute when the activity was ex-
pressed as nanomoles of product formed per
unit of reductase per minute. The maximal
velocity of the reaction was expressed per
unit of reductase, beause the specific ac-
tivity (nanomoles of cytochrome ¢ reduced
per minute per milligram of protein) of the
reductase fraction from PB-treated rats is
generally twice as great as that of the re-
ductase fraction from 3-MC-treated rats.
The effect of each component on the
Michaelis constant is summarized in Table
2. As shown in experiments A and C, the
lipid fractions from PB- and 3-MC-treated
rats were interchangeable and did not affect
the K., of 3,4-benzpyrene in either of the
reconstituted systems. With the cytochrome
P-448-supported 3,4-benzpyrene hydroxyla-
tion, the replacement of reductase from 3-

MC-treated rats by reductase from PB-
treated rats caused a 3-fold increase in K.,
(experiment A vs. experiment B), while the
maximal velocity was not significantly
changed (0.04 vs. 0.05 nmole/unit of re-
ductase per minute), which is consistent
with our earlier report that the source of re-
ductase and lipid did not affect the maximal
activity of the cytochrome P-448-supported
3,4-benzpyrene hydroxylation (19). In con-
trast, the use of reductase from 3-MC-
treated rats in the cytochrome P-450-de-
pendent system did not significantly change
either the apparent K, (experiment D vs.
experiment C) or the maximal velocity
(0.005 nmole/unit of reductase per minute).
Thus, while the source of the reductase did
not significantly affect the maximal velocity,
it seemed to play an important role—along
with the cytochrome fraction—in deter-
mining the K, of 3,4-benzpyrene in the
cytochrome P-448-supported reconstituted
system.

Experiments B and C in Table 2 were
designed to determine the apparent K, of
3,4-benzpyrene under conditions in which
the same reductase and lipid fractions were
used but the cytochrome was different. Both
the K, and maximal velocity with cyto-
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TABLE 2
Kinetic constants of 8,4-benzpyrene
The reaction mixtures contained the indicated microsomal fractions and other components, as de-
scribed in the text, for the assay of 3,4-benzpyrene hydroxylation. The concentration of microsomal
fractions used was similar to that described in Fig. 7. K was determined with a GE-600 computer,
using a FORTRAN program written by W. W. Cleland. Each value represents two or more determina-
tions, and each 3,4-benzpyrene concentration was done in duplicate.

Expt Microsomal component used Kn
uM += SE

A P-448 (3-MC) + reductase (3-MC) + lipid (PB or 3-MC) 2.87 + 0.03
B P-448 (3-MC) + reductase (PB) + lipid (PB or 3-MC) 9.03 £ 0.44¢
C P-450 (PB) + reductase (PB) + lipid (PB or 3-MC) 1.53 + 0.20°
D P-450 (PB) + reductase (3-MC) + lipid (PB) 1.00°
E 3-MC microsomes 1.13 & 0.10

PB microsomes 7.70 £ 1.29¢°

s The values are significantly different from the value obtained from experiment A (p < 0.01).

b Km value represents only one determination.

¢ This value is significantly different from the value in the 3-MC microsomal system (p < 0.05).

chrome P-450 were significantly lower than
the values obtained with cytochrome P-448.

DISCUSSION

The hydroxylation of 3,4-benzpyrene is
similar to the hydroxylation of many other
endogenous and foreign substrates of the
microsomal hydroxylation system, being
catalyzed by a multienzyme system consist-
ing of hemoprotein, reductase, and lipid. A
major difference is that 3,4-benzpyrene hy-
droxylation is preferentially catalyzed by
cytochrome P-448, whereas the hydroxyla-
tion of most other substrates is preferentially
catalyzed by cytochrome P-450. This ob-
servation is consistent with the results of
induction studies with microsomes, which re-
vealed that PB stimulates the hydroxylation
of many substrates and increases the cyto-
chrome P-450 content of microsomes, while
3-MC stimulates the hydroxylation of only
a few substrates (such as 3,4-benzpyrene)
and induces cytochrome P-448 (32-34).

The apparent K. of 3,4-benzpyrene in
3-MC microsomes was lower than that in
PB microsomes, whereas the apparent K of
3,4-benzpyrene in the reconstituted system
prepared from 3-MC treated rats was higher
than that in the reconstituted system pre-
pared from PB-treated rats. A similar change
in the Michaelis constant has been observed
upon the solubilization and purification of

several other membrane-bound enzyme sys-
tems (35, 36). This change is generally at-
tributed to the change in environment of the
enzyme caused by the disruption of the mem-
brane.

The results of the kinetic studies reported
in this paper suggest that the reductase iso-
lated from PB-treated rats may differ from
the reductase isolated from 3-MC-treated
rats. Although the source of the reductase
preparation did not appear to affect the
maximal velocity of the reaction, the ap-
parent K, of 3,4-benzpyrene in the cyto-
chrome P-448-dependent system—but not
in the cytochrome P-450-dependent sys-
tem—was significantly increased when the
reductase from 3-MC-treated rats was re-
placed with the reductase from rats treated
with PB. On the other hand, the lipid, phos-
phatidylcholine, appeared to be the same
from both sources, since the replacement of
one by the other did not affect the K,, or
maximal velocity.

If the same reductase and lipid fractions
were used and only the hemoprotein was
varied, the apparent K. of 3,4-benzpyrene
with cytochrome P-450 was significantly
different (lower) than that with cytochrome
P-448. This finding is subject to at least two
interpretations: either 3,4-benzpyrene hy-
droxylation is catalyzed by two distinct
cytochromes, and thus the apparent K, is
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different, or the low activity with cyto-
chrome P-450 is due to the presence of small
amounts of cytochrome P-448 in the prepa-
ration. Since cytochrome P-450 has been
shown to inhibit the cytochrome P-448-de-
pendent 3,4-benzpyrene hydroxylation (19),
the apparent K., should be different with the
two cytochrome fractions. However, inhibi-
tion by cytochrome P-450 should result in
an increase, rather than a decrease, in ap-
parent K, . In fact, when similar experi-
ments were done at pH values other than
the optimal pH (6.8), the apparent K, of
3,4-benzpyrene with cytochrome P-450 was
as much as 10 times lower than that obtained
with cytochrome P-448. Thus the second in-
terpretation is unlikely. Consistent with the
differential effect of various compounds on
the reconstituted P-450- and P-448-contain-
ing systems, these results indicate that the
hydroxylation of 3,4-benzpyrene by the
cytochrome P-450- and P-448-containing
reconstituted systemsis catalyzed by catalyt-
ically different cytochromes. The low ac-
tivity of cytochrome P-450 for 3,4-benzpy-
rene hydroxylation is probably an inherent
property of this cytochrome and is not due to
the presence of small amounts of P-448 in
the preparation.

Since the cytochrome P-450 and P-448
fractions were prepared by the same pro-
cedure, and since there was no evidence for
the selective removal of either of these cyto-
chromes during their isolation, as judged by
the same recovery of cytochrome in both
preparations, there is very little, if any,
cytochrome P-448 in rats treated with PB.
Sladek and Mannering (37) have recently
suggested a similar conclusion.
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