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SUMMARY

RoGaN, ELEANOR & CavALIERI, ERcoLE (1978) Differences between nuclear and
microsomal cytochrome P-450 in uninduced and induced rat liver. Mol. Pharmacol.,

14, 215-219.

Cytochrome P-450 in rat liver nuclei was distinguishable from that in the corresponding
liver microsomes. Characterization was carried out using carbon monoxide and ethyl
isocyanide binding difference spectra. Nuclear cytochrome P-450 in 3-methylcholan-
threne-induced animals had different spectral properties from the nuclear cytochrome
P-450 in uninduced and phenobarbital-induced animals. These spectral data demon-
strate that hepatic nuclear cytochrome P-450 differs from the microsomal species.

Cytochrome P-450, the terminal oxidase
of monooxygenase systems (1), has been
shown to be a heterogeneous enzyme in
both normal rat liver microsomes and mi-
crosomes from rats treated with a variety
of drugs (2-7). Spectral characteristics (8,
9) and catalytic activities (10) have been
used to differentiate the effects of various
inducers. Multiple forms of microsomal
cytochromes P-448 and P-450 also have
been detected and characterized by spec-
tral properties, chromatographic proper-
ties, lipid content, molecular weight, and
antigenicity (2-7).

Cytochrome P-450 is also present in rat
liver nuclei (11) and is inducible by MC!
and PB (12). Nuclear monooxygenase en-
zymes may well play a critical role in
carcinogenesis because of their capacity to
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! The abbreviations used are: MC, 3-methylchol-
anthrene; PB, phenobarbital.

induce binding of aromatic hydrocarbons
to DNA (12). Such hydrocarbons induce a
different form of microsomal cytochrome
P-450 having enhanced specificity for hy-
drocarbons (13). Therefore determination
of the effects of inducers on the form of
nuclear cytochrome P-450 is of great inter-
est. Because differences between nuclear
and microsomal monooxygenase activities
have already been observed (12), compari-
son of cytochromes P-450 from these organ-
elles is also of interest. With these objec-
tives, we investigated the reduced carbon
monoxide and ethyl isocyanide difference
spectra of nuclear cytochrome P-450 in
uninduced and PB- and MC-induced rat
liver nuclei.

Nuclei (14) and microsomes (15) were
prepared from the livers of ten 3-week-old
male Sprague-Dawley rats (the Eppley
colony). Nuclear membranes were pre-
pared from nuclei by the DNase digestion
method of Kay et al (16). Monooxygenase
activities were induced by intraperitoneal
injection of MC in olive oil, 25 mg/kg of
body weight, 24 hr before killing or by
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twice daily intraperitoneal injections of
sodium PB in olive oil, 37 mg/kg of body
weight, for 3 days. These conditions in-
duced optimal levels of cytochrome P-
450 in our animals. Protein was deter-
mined by the method of Lowry et al. (17).
Cytochrome P-450 was measured in three
to seven different preparations by its car-
bon monoxide binding difference spectrum
after reduction with sodium dithionite on
an Aminco DW-2 spectrophotometer ac-
cording to Estabrook et al. (18), except
that the buffer used was 0.23 M Tris-50%
glycerol, pH 7.5. Ethyl isocyanide (Sigma)
binding difference spectra were measured
for three replicate preparations as de-
stribed by Sladek and Mannering (19),

except that the 0.23 M Tris-50% glycerol
buffer, pH 7.5, was used. Aryl hydrocar-

bon hydroxylase was assayed (20) in each
preparation of nuclear membranes and
microsomes to confirm that the prepara-
tions contained monooxygenase activity.
The possibility that nuclear membranes
and microsomes were contaminated with
hemoglobin was eliminated by measuring
the difference spectrum between a CO-
treated and an untreated sample; a peak
at 420 nm indicated the presence of hemo-
globin. A maximum of 1% as much hemo-
globin as cytochrome P-450 was found in
microsomes, and less than that in nuclear
membranes.

Reduced carbon monoxide binding dif-
ference spectra obtained for microsomal
and nuclear cytochrome P-450 from unin-
duced, PB-induced, and MC-induced ani-
mals are presented in Fig. 1 and summa-
rized in Table 1. In each case the micro-
somal cytochrome showed the expected

maximum, i.e., 450 nm for unin-
duced and PB-induced and 448 nm for MC-
induced animals, and contained little ma-
terial absorbing around 420 nm; the shoul-
der observed for PB- and MC-induced cy-
tochrome and the small peak observed for
uninduced cytochrome centered at about
422 nm.

The spectra of nuclear cytochrome P-450
were significantly different from those of
the corresponding microsomal cytochrome
for every set of nuclear membranes and
microsomes prepared from a group of ani-
mals. These observations show clearly
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F1G. 1. CO binding difference spectra of hepatic
microsomes (—) and nuclear membranes (- - -)

A. Uninduced (7.1, 6.0). B. PB-induced (1.7, 3.4).
C. MC-induced (3.6, 1.5). Numbers in parentheses
are concentrations of protein in milligrams per
milliliter for microsomes first, then nuclear mem-
branes.

that monooxygenase activities in nuclei
do not result from contamination with
endoplasmic reticulum. The spectrum ob-
tained with uninduced nuclear mem-
branes (Fig. 1A) had a peak at 452 nm.
After induction with PB (Fig. 1B) the
nuclear cytochrome again peaked at 452
nm. Induction with MC (Fig. 1C) gave
rise to nuclear cytochrome with a peak at
450 nm instead of the 448 nm expected
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from all studies with liver microsomal
cytochrome. The CO binding spectra of
nuclear membranes were identical with
spectra obtained with whole nuclei, except
that nuclei exhibited a peak at about 420
nm, resulting from contamination with
hemoglobin.

Ethyl isocyanide binding difference
spectra are shown in Fig. 2. Nuclear cyto-
chrome was clearly different from micro-
somal cytochrome. The spectral data are
summarized in Table 1. The ratio of
A 45:A 4, for nuclear cytochrome was much
less than 1.0 for uninduced and PB-in-
duced animals, while the ratio after MC
induction was about 1.0. The ratio in mi-
crosomes was considerably higher. These
spectral characteristics for uninduced and
PB-induced nuclear cytochrome P-450
were identical, both in the positions of the
peaks (452 nm with CO; 430 and 457-458
nm with ethyl isocyanide) and in the
A A, ratio. The microsomal cyto-
chrome P-450 from these animals also
could not be differentiated, although the
A 45:A 5 ratio in uninduced microsomes
was slightly lower than in those induced
by PB. The position of the “430 nm” peak
at 428-429 nm was consistent. This dis-
crepancy between these data and the 430
nm previously reported (3) does not seem
significant. Placement of the upper peak
at 454 nm for PB-induced and at 452 nm
for MC-induced microsomes and the
A 45:A 4, ratios agree well with the obser-

217

vations of Ryan et al. (3). MC-induced
nueclear cytochrome was clearly distin-
guishable from the uninduced and PB-in-
duced species, both in the positions of the
CO and ethyl isocyanide peaks and in the
A Ay, ratio. The differences in the
430 and 455 nm chromophores determined
for the various nuclear and microsomal
preparations have been suggested to be
the result of structural differences in the
vicinity of the prosthetic group of the cy-
tochromes P-450 (21). )

The different spectral maxima indicate
a structural form of nuclear cytochrome
P-450 different from the microsomal cyto-
chrome P-450. Other reports of different
cytochromes P-450 have been made. Rat
kidney cortex microsomes contain cyto-
chrome P-454 (22). The absorption maxi-
mum of cytochrome P-450 from rat lung
microsomes shifts from 453 nm in unin-
duced to 451 nm in MC-induced animals
(23). ‘ .

The different spectral characteristics
with MC-induced nuclear cytochrome also
indicate that MC induces a form of cyto-
chrome P-450 in nuclei different from that
in uninduced and PB-induced nuclei.
Since nuclear cytochrome P-450 is induced
6-7-fold by MC (12) (Fig. 1), at least 80%
of the cytochrome present is the newly
synthesized, induced form. Therefore the
spectrum must reflect the maximum of
the induced form. Previous studies with
microsomal cytochrome have consistently

TABLE 1
Spectral characteristics of cytochrome P-450

Carbon monoxide and ethyl isocyanide binding difference spectra were measured as described in the
text. The concentration of protein in the cuvettes ranged from 1.5 to 7.1 mg/ml. The concentration of ethyl

isocyanide was 10 um. Data are from Figs. 1 and 2.

Source of cytochrome P-450 co diﬁ‘erel:‘f spectral Ethyl isocyanide difference spectrum
pe Peaks A ssA o
nm nm
Uninduced
Nuclear membranes 452 430, 457 0.17-0.40
Microsomes 450 429, 454 0.83-0.98
PB-induced
Nuclear membranes 452 430, 458 0.26-0.36
Microsomes 450 428, 454 0.95-1.12
MC-induced
Nuclear membranes 450 430, 453 0.96-1.05
Microsomes 448 429, 452 1.45-1.65
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F16. 2. Ethyl isocyanide binding difference spec-
tra of hepatic microsomes (——) and nuclear mem-
branes (- - -) '

A. Uninduced (2.5, 1.5). B. PB-induced (2.5, 1.6).
C. MC-induced (2.3, 2.2). Numbers in parentheses
are concentrations of protein in milligrams per
milliliter for microsomes first, then nuclear mem-
branes. The concentration of ethyl isocyanide was
10 mm.

demonstrated that cytochromes P-448 and
P-450 represent distinct, though heteroge-
neous, forms with distinguishable physical
properties (3, 24) as well as enzyme activi-
ties (19). The position of the spectral max-
imum appears to be an intrinsic character-
istic of each cytochrome, rather than an
effect of the environment in which the
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cytochrome resides (25). The induction by
a polycyclic hydrocarbon of nuclear cyto-
chrome P-450 that differs spectrally from
microsomal cytochrome P-448 is an indi-
cation that the cytochrome itself may de-
termine the differences in monooxygenase
metabolism observed between microsomes
and nuclei (26-28).
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