
MOLECULAR PHARMAcoLoGY, 18, 550-552

Nucleolar Cytochrome P-450

EDWARD BRESNICK* BRUCE HASSUK,* PAUL LIBERATOR,* WAYNE LEvINt AND PAUL E. THOMASt
C Department ofBiochemistry and The Vermont Regional Cancer Center, The University of Vermont College of Medicine,

Burlington, Vermont 05405, and t Department of Biochemistiy and Drug Metabolism, Hoffmann-.La Roche Inc., Nutley,
New Jersey 07110

Received January 22, 1980; Accepted May 19, 1980

SUMMARY

BRESNICK, E., B. HASSUK, P. LIBERATOR, W. LEVIN AND P. E. THOMAS. Nucleolar
cytochrome P-450. Mol. Pharmacol. 18: 550-552 (1980).

Significant amounts of cytochrome P-450 have been detected spectrally in purified

nucleoli obtained from the livers of 3-methylcholanthrene-treated rats. Using monospe-
cific antibody to microsomal cytochrome P-45O� (P-448), we have shown that the nucleolar

and microsomal enzymes are immunochemically identical. These nucleoli also contained
epoxide hydrolase and NADPH-cytochrome c reductase activities, both of which were
im.rnunochemically identical to their respective microsomal counterparts.

INTRODUCTION

A number of chemically inert polycycic aromatic hy-
drocarbons, e.g., benzo[ajpyrene, require metabolic acti-
vation to proximate and ultimate carcinogenic forms by

the concerted actions of a mixed-function oxidase system,

i.e., cytochrome P-45O and epoxide hydrolase (1). These
enzymes which are responsible for the oxidative metab-
olism of the procarcinogens reside predominantly within
the endoplasmic reticulum. Cytochrome P-45O has been
demonstrated to consist of multiple forms, each of which
has a different but overlapping specificity for substrates
(2, 3). Benzo[a]pyrene is most efficiently metabolized to
reactive arene oxides primarily through the activity of

cytochrome P450� (P448),’ a form of the hemoprotein
which is observed after pretreatment of rats with certain
polycyclic hydrocarbons. The arene oxides thus produced

are further metabolized to trans dihydrodiols in a reac-
tion which is catalyzed by epoxide hydrolase which is
also present in the endoplasmic reticulum (7). Subse-
quent metabolism of the trans-7,8-dihydrodiol of
benzo[a]pyrene effected by the mixed-function oxidase
system leads to the production of benzo[a]pyrene 7,8-
diol-9,10-epoxide, an ultimate carcinogenic form of the

polycyclic hydrocarbon (8, 9).
Although most of the cellular cytochrome P-45O and

epoxide hydrolase resides in the endoplasmic reticulum,
relatively recent results suggested the presence of the
mixed-function oxidase system and epoxide hydrolase in
isolated nuclear preparations (10-18). Indeed, we have
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I The major form of hepatic microsomal cytochrome P-450 after

pretreatment of rats with 3-methylcholanthrene has been termed cy-

tochrome P,-450 (4), cytochrome P-448 (5), and more recently, cyto-
chrome P-450,. (6).
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recently reported the formation of the trans-7,8-dihydro-

diol derivative and of the syn and anti diol epoxides of
benzo[a]pyrene in isolated nuclear preparations (19, 20).
Although some question about the contribution of micro-
somal contamination of the nuclear preparation to the

overall mixed-function oxidase activity has been raised,

the irnrnunohistochemical demonstration of cytochrome
P-450� within nuclei has appeared to finally settle this
point (21). During the course of the latter studies, it was
noted that cytochrome P-450� was present within the
nuclei in two forms, referred to as MAD or macrodeposits
and MID or microdeposits (21). The former resembled
nucleoli in shape and form. The present study was un-

dertaken to establish whether cytochrome P-450� was in
fact present in nucleoli obtained from the livers of rats
that had been pretreated with a polycyclic hydrocarbon.

MATERIALS AND METHODS

Male Sprague-Dawley rats, 80-100 g, were injected
with 3-methylcholanthrene, 20 mg/kg, in corn oil on each
of 2 successive days and were kified 24 h later. Livers
were removed, washed in cold 0.9% saline, and homoge-
nized in 2.3 M sucrose-lO mM MgCl2. Nuclei were isolated
from the heavy sucrose as outlined by Muramatsu and
Busch (22) and nucleoli were prepared by the sonication
method as described (22). Washed nucleoli were sub-
jected to Ouchterlony immunodiffusion analysis (23) us-
ing monospecific antibody to rat liver cytochrome P-45O�
(23) and epoxide hydrolase (24). NADPH-cytochrome c

reductase was purified by a modification of the method

of Yasukochi and Masters (25) and antibody was pre-
pared as previously described (26).

The nucleolar preparation was free from membranc

contamination as judged by both light and electron

croscopy. Furthermore, the contribution of potential m
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crosomal contamination to the nucleoli was determined

in the following manner. Male 60-g rats were injected
intraperitoneally with L-[4,5-3H]leucine (5.16 Ci/mmol),
67 �sCi/50 g body wt 2 h prior to sacrifice. Microsomes
were isolated from liver homogenates in 0.05 M Tris (pH
7.5)-1.15% KC1, and the microsomal fraction was washed
with 1.15% KC1-10 mM EDTA and suspended in 0.25 M

sucrose. The specific activity of the final microsomal
preparation was 4.54 x iO� dpm/mg protein. The labeled
microsomes, 6.5 mg protein representing 2.96 x i05 dpm,
were added to a 20% liver homogenate (16 g wet wt liver)

in heavy sucrose prior to the ultracentrifugation step in
the preparation of nuclei. The isolation of nucleoli was
conducted as described above and the “contamination”
with labeled microsomes was ascertained. The final nu-
cleolar preparation (36 mg protein) contained 29 dpm of
radioactive protein. This corresponds to 43 �tg of total
microsomal protein (assuming 1 g wet wt liver contains
25 mg microsomal protein) and indicates that microsomal

contamination of nucleoli is <0.2% of the total protein.
Consequently, it is concluded that the microsomal con-
tent of cytochrome P-450�, epoxide hydrolase, and
NADPH-cytochrome c reductase does not contribute to
the results obtained with our nucleolar preparations.

The nucleolar preparation was assayed for RNA po-

lymerases I, II, and III to determine maximum contami-
nation of nucleoli with other nuclear protein (RNA po-
lymerases II and III). RNA polymerase was assayed by

a modification of the method of Rose et al. (27) using
endogenous nuclear template in the absence or presence
of iO� M a-amanitm. This concentration of a-amanitin

blocks the activity of both RNA polymerases II and III
but has no effect on polymerase I activity (28, 29). Results
of these studies indicated that 6% of the total nucleolar

RNA polymerase activity was present as RNA polymer-
ases II and III. Based on the activity of the RNA polym-
erases in nuclei, this represents less than 10% contami-
nation of nucleoli with other nuclear protein.

RESULTS AND DiSCUSSION

The cytochrome P-450 content of liver nucleoli was
determined from the CO-binding spectrum (30) (Fig. 1).

The maximum CO-binding spectrum occurred at 448.5-
449 nm. The average of five cytochrome P-450 determi-
nations in liver nucleoli from induced rats is 0.18 ± 0.02

nmol/mg protein.
Previous data from our laboratory (31) have shown

that rat liver nuclear cytochrome P-450� and epoxide
hydrolase are immunologically identical to the micro-

somal enzymes. In the present study, we attempted to

establish the relationship of nucleolar cytochrome P-450
and epoxide hydrolase to their microsomal counterparts
by Ouchterlony double diffusion analysis. The results are
presented in Fig. 2. These results clearly demonstrate the
immunological identity of microsomal cytochrome P-450(.

and epoxide hydrolase with the nucleolar-derived anti-
gens. During the course of these experiments, we were
also able to establish the presence in nucleoli of NADPH-
cytochrome c reductase activity. Immunochemically,
NADPH-cytochrome c reductase can also be detected in

nucleoli and the enzyme is immunochemicaily identical
to the microsomal-derived antigen as shown in Fig. 3.

FIG. 1. CO-reduced difference spectrum of isolated rat liter nu-

cleoli

Nucleoli were isolated from the livers of rats treated with 3-methyl-

cholanthrene (20 mg/kg) at 24 and 48 h before killing. The spectrum

was recorded on an Aminco DW-2 spectrophotometer in the split-beam

mode after bubbling CO in the sample cuvette and then adding sodium
dithionite to both the sample and the reference cuvettes. The wave-

length accuracy was checked against a holmium oxide filter. The

nucleoli were homogenized in 0.1 M potassium phosphate buffer (pH

7.4), 20% glycerol, 0.2 nmt EDTA, and 1 mM phenylmethylsulfonylfluo-

ride at a final protein concentration of 1.5 mg/mI. The specific content

of P-450 in this preparation was 0. 14 nmol/mg protein.

Thus, all the enzymes necessary for metabolic activation

of polycyclic aromatic hydrocarbons such as benzo[a]-
pyrene to potent mutagenic and carcinogenic metabolites
are present in hepatic nucleoli.

Although mixed-function oxidases and epoxide hydro-
lase were once considered to reside exclusively within the
endoplasmic reticulum, it is now relatively well estab-

FIG. 2. Ouchterlony immunodiffusion analysis of isolated rat liter

nucleoli using antibody monospecific for rat liter microsomal en-

zymes, cytochrome P-450, (anti-rat P450), and epoxide hydrolase

(anti-rat EH)

Nucleoli were isolated from the livers of rats that had been treated

with 3-methylcholanthrene (20 mg/kg) at 24 and 48 h before killing.

The solubiized nucleoli (approx 1.4 mg/mI) were in a mixture consisting

of 0.3% Emulgen 911, 1.5�4 sodium cholate, 20% glycerol, and 1 mrvi

phenylmethylsulfonylfiuoride. Wells 1 and 6 contained 12 �il of purified

hepatic microsomal cytochrome P-450. ( 1 nmol/ml) and epoxide by-

drolase (63 �ig/ml), respectively. Wells 3 and 4 were 5 mm in diameter

and the rest of the wells were 4 mm in diameter.
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FIG. 3. Ouchterlony immunodiffusion analysis ofisolated rat liver

nucleoli using antibody against rat liver microsomal NADPH-cyto-

chrome c reductase (well 2)

The nucleoli were detergent solubiized as described in Fig. 2 and

used at the same concentration. Well 1 was filled with 12 zl purified rat

liver microsomal NADPH-cytochrome c reductase (67 �g/ml). Well 3

was 5 mm in diameter, whereas the rest of the wells were 4 mm in

diameter.

lished that the nucleus can also catalyze both mixed-
function oxidase and epoxide hydrolase activities. The
present study extends this observation to include the
nucleolus. This study also serves to identify nucleoli as
the intranuclear cytochrome P-450-contaiing macro-
deposits described in our earlier immunohistochemical
study (21). The functional significance of these three
enzymes in an organelle known to play an important role
in ribosomal RNA processing is presently unknown.
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