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Evidence for a new cytochrome P450 form induced by 3-methylcholanthrene in
rats
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Abstract—Evidence is presented for a new 3-methylcholanthrene (3MC)-induced form of cytochrome
P450, P450MCX, in rat liver microsomes. P4SOMCX was co-purified with CYP1A1 from 3MC-treated
male Sprague-Dawley rats but was resolved by gel electrophoresis. The M, of PASOMCX (56,700) was
intermediate between CYP1A1 (57,000) and CYP1A2 (54,800). Monoclonal antibodies showed that
P450MCX was immunorelated to both CYP1A1 and CYP1A2 but not to CYP2B1, CYP2C6 or
CYP3Al. Immunoreactive P450MCX was not detectable in liver microsomes from untreated rats but
was highly induced by 3MC and Aroclor 1254, although not induced by isosafrole. The N-terminal
amino acid sequence of P450MCX, obtained from an electroblotted sample resolved on SDS-PAGE,
did not match any known cytochrome P450 or other protein. P4SOMCX may be a new member of the

CYP1 family.
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The rat cytochrome P450CYP1 gene family presently
comprises only two members, CYP1Al and CYP1A2, both
of which are inducible by PAH* [1, 2]. At least 15 other
non-P450 proteins are concomitantly induced with CYP1A1
and/or CYP1A2 by 3MC or other PAH, such as TCDD
[3]. Here we report the co-purification with rat CYP1A1
of a novel form of 3MC-induced P450, plus a method for
the N-terminal amino acid sequencing of individual P450
forms in semi-purified preparations.

Materials and Methods

Chemicals. Alkoxyresorufins were synthesized as
described elsewhere [4]. Resorufin was purchased from
Molecular Probes Inc. (Eugene, OR, U.S.A.). CHAPS,
cholate, lecithin, 3MC, NADPH and molecular mass
markers (SDS-6H high molecular mass standard mixture)
were bought from the Sigma Chemical Co. (Poole, U.K.).
PB, sodium salt, was bought from BDH Ltd (Poole, U.K.).
Olive oil was BP grade, from Boots Ltd (Nottingham,
U.K.). Immobilon-P membranes were bought from
Millipore U K. Ltd (Watford, U.K.). Emulgen 911 was a
generous gift from the Kao Corporation (Tokyo, Japan).
ISF and Aroclor 1254 were provided by Dr C. R. Elcombe,
Zeneca Central Toxicology Laboratories, Alderley Park,
UK.

Animals, induction and microsome preparation. Adult
(230-260 g), male Sprague~Dawley rats, bred in the
University of Aberdeen, were induced with 3MC (80 mg/
kg, i.p., as a 1% solution in olive oil, once, 3 days before
death) and hepatic microsomes were prepared as described
previously [5].

P450 purification. The cytochrome P450 forms, CYP1A1
and CYP1A2, and NADPH-cytochrome P450 (cytochrome
¢) reductase were purified from liver microsomes of
3MC- and PB-induced rats, respectively, by column
chromatography as described previously {6]. Column
effluent fractions were continuously monitored at 280 nm
for protein and 405 nm for haem and assessed for protein

* Abbreviations: ARO, Aroclor 1254; CHAPS, 3-[(3-
cholamidopropyl) - dimethylammonio] - 1 - propanesul-
phonate; DTT, dithiothreitol; EROD, ethoxyresorufin O-
deethylase; ISF, isosafrole; MROD, methoxyresorufin O-
demethylase; 3MC, 3-methylcholanthrene; PAH, poly-
cyclic aromatic hydrocarbons; PB, phenobarbitone; PCN,
pregnenolone 16a-carbonitrile; P450, cytochrome P450.

purity by SDS-PAGE. Contiguous fractions showing both
a high purity of 48,000-60,000 M, protein bands and
significant 405 nm absorption were pooled and assayed for
total P450 and EROD and MROD activities. All
concentrations of chemicals in purification buffers are v/v
unless indicated otherwise.

Enzyme assays and immunoblotting. NADPH-supported
EROD and MROD activities of liver microsomes and
P450-containing fractions obtained at various stages during
purification were determined at 37° in fluorimeter cuvettes
as described previously [6]. Total P450 concentrations were
measured spectrophotometrically as described elsewhere
[7]. Protein concentrations were measured by a dye-binding
method [8] as described previously [6]. Protein samples
were electrophoresed and immunoblotted as described
elsewhere [9], using a 12.5% resolving gel and 6 hr gel
running time and previously characterized monoclonal
antibodies to individual, purified forms of rat and human
P450 [9,10]. For the determination of M, values on
immunoblots, molecular weight marker proteins were
transiently stained on the nitrocellulose sheets using
Ponceau red dye and their positions marked with a scalpel
blade.

N-terminal amino acid “blot-sequencing”. The purified
preparations containing CYP1A1 and CYP1A2, respect-
ively, were dialysed against 10 mM phosphate buffer,
pH 7.6 containing 15% glycerol, then “blot-sequenced”
using a method described previously [11]. Briefly, the
individual proteins in the dialysed column fractions were
resolved by SDS-PAGE, electroblotted onto Immobilon-
P membranes, visualized by staining with Coomassie Blue,
individually cut from the membrane with a scalpel and
loaded into the sample cell of an Applied Biosystems 470A
gas-phase protein sequencer fitted with a 120A on-line
PTH (phenyithiohydantoin) analyser. N-terminal amino
acid sequencing of the excised protein bands was performed
using automatic Edman degradation with the standard 03R
PTH programme.

Results and Discussion

Sincerat CYP1A1 and CYP1AZ2 show substrate selectivity
for EROD and MROD, respectively [12,13], the
purification of CYP1A1 was indicated by an increase in
EROD accompanied by a decrease in MROD activity in
column fractions. The identities of CYP1A1 and CYP1A2
in the final purified preparations were confirmed by N-
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terminal amino acid “blot-sequencing”. CYP1A1 eluted
from octylamino-Sepharose as a single peak in 10 mM
potassium phosphate buffer, pH 7.25, containing 20% (v/v)
glycerol, 1 mM EDTA, 1 mM dithiothreitol (DTT), 0.35%
cholate and 0.16% Emulgen 911. The pooled fractions
comprising the first half of this peak had the highest
EROD:MROD ratio (10:1) and a total P450 specific

ontent = 7-9 1/ rat A were further nurified
CoOnenl = /-5 Gmoy/ g p.me.n ang were mriner purined

on DEAE Tris-acryl. CYPIA1 eluted as a single peak
between 30-80 mM KClin 10 mM HEPES buffer, pH7.8,
containing 20% (v/v) glycerol, 0.1mM EDTA, 0.1 mM
DTT, 0.05% CHAPS and 0.1% Emulgen 911. The pooled

Short communications

fractions comprising the first half of this peak had the
highest EROD:MROD ratio (27:1) and a total P450
specific content = 10 nmol/mg protein and were further
purified on S-Sepharose. CYP1A1 eluted as a single peak,
henceforth called the purified CYP1A1l preparation
{EROD :MROD ratio = 89:1, total P450 specificcontent =
16.6 nmol/mg protein), between 125-200mM KCl in
10 mM potassium phosphate buffer, pH 7.0, containing
20% (V/v) glycerol O 1 mM EDTA 0 I mM DTT 0 05%
octylamino- Sepharosc as the second half of the peak
referred to above in 0.16% Emulgen and was further
nunﬁed on Q-Sepharose to a total sneggﬁg P450 content =
12 nmol/mg protem The purified CYPlAl preparation
appeared as a single band (M, = 57,000) on SDS-PAGE
when electrophoresed as normal for 4 hr using a 10%
resolving gel. However, this apparently homogeneous
CYP1AL1 band was split into two protein bands, with M, =
57,000 and 56,700, respectively, by extending the period
of electrophoresis to 6 hr and using a 12.5% resolving gel
(Fig. 1). For comparison, purified CYP1A2 gave an M,
value = 54,800 and the 57,000 and 56,700 bands were
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(datanot shown). The degree of purification of the CYP1A1
preparation over the original microsomes was 10-fold based
on total P450 (total P450 specific content =16.6 and
1.6 nmol/mg protein for the purified preparation and
microsomes, respectively) and 12-fold based on the EROD
activity (233 and 19 nmol/min/mg protein for the
purified preparation and microsomes, respectively). The
EROD:MROD ratio was 15-fold higher in the purified
CYPIAI preparation (89:1) than the microsomes (6: 1)
since whereas EROD activity increased 12-fold during the
purification, MROD activity decreased slightly (3.3 and
2.6 nmol/min/mg protein for microsomes and purified
CYP1A1 wpreparation. respectively). The EROD and
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MROD turnover numbers of the purified CYPlAl
preparation (EROD and MROD = 20 and 0.2 nmol/min/
nmol P450, respectively) were similar to values previously
reported for purified CYP1A1 [14]. An attempt to separate
the two proteins by further chromatography on octyl-
Sepharose with elution by an Emulgen 911 step gradient
was unsuccessful,

Based on the relative visual intensities of Coomassie
Blue staining on SDS-PAGE, the 57,000 and 56,700
proteins in the purified CYP1Al preparation were
considered to be present in approximately equal amounts.
Since no other Coomassie-stained protein bands were
visibie and the total P450 specific content was close to the
theoretical maximum (i.e. there was little or no non-P450
protein present), it was considered that both the proteins
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In order to identify the 57,000 and 56,700 proteins by

N-terminal amino acid sequencing, advantage was taken
of the ability to separate them on SNS-PAGE. The
resolved proteins were electroblotted onto an Immobilon-
P membrane and individually N-terminal sequenced. An
SDS-PAGE loading of approximately 30-40 pmol total

P450 of the purified CYP1AI preparation provided

Table 1.
M, Form Residue No.
5 10 15
57,000 CYP1A1l PSVYGFPAFTSATELLLA
56,700 P450MCX MFLPGI LLLLLLW
54,800 CYP1A2 AFSQYISLAPEL XL A
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Fig. 2. Immunoblots of PASOMCX, CYP1A1 and CYP1A2,
Samples were resolved by SDS-PAGE and immunoblotted
as described in Materials and Methods. Microsomes and
purified P450s were loaded at 4.0 and 0.5-1.0 ug protein
per lane, respectively. (A) Blotted with antibody RMI.
Lanes 1 and 6, purified CYP1A1 preparation (1.0 and
0.8 ug protein loading, respectively). Lanes 2-5, liver
microsomes from 3MC-treated, untreated, ISF- and
Aroclor-treated rats, respectively. (B) Blotted with
antibody RM1. Lanes 1-3, liver microsomes from 3MC-
treated, untreated and ISF-treated rats, respectively. Lane
4, purified CYP1A2 (0.5 ug protein loading). (C) Blotted
with antibody RM3. Lanes 1-4, liver microsomes from
3MC-treated, untreated, ISF- and Aroclor-treated rats
respectively. Lane 5, purified CYP1A1 preparation (0.8 ug
protein loading).

sufficient protein for the sequencing. A similar method was
used to sequence purified CYP1A2. Single N-terminal
amino acid sequences were obtained for the 57,000 and
56,700 proteins and purified CYP1AZ as shown in Table 1.

The sequences obtained for CYP1A1l and CYPLA2
exactly match those published [15], assuming that the
terminal methionine predicted by their cDNA sequences
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had been cleaved. The sequence obtained for the 56,700,
however, did not match any protein in the SWISSPROT
database. Since there was no identity between the sequence
for the 56,700 protein and the published sequences of
CYP1A1 and CYP1AZ, it is most unlikely that the 56,700
protein was a breakdown product of either of these P450s.
Based on the unique sequence for this protein, plus the
deduction (see above) that it was P450, we concluded that
the 56,700 protein was a hitherto unreported form of P450,
to which we have given the trivial name P450MCX (i.c. an
unknown 3MC-induced P450). Interestingly, the nearest
sequence match for P450MCX was to the extreme N-
terminus of CYP21A1 (P450 steroid 21-hydroxylase, EC
1.14.99.10), having only three conservative alterations
within the 13 amino acids sequenced (F/L, I/L and W/L
at positions 2, 6 and 13, respectively).

Three monoclonal antibodies (RM1, RM2 and RM3)
raised against the purified CYP1Al preparation all
recognised two protein bands, assumed to be CYP1A1 and
P450MCX, on immunoblots of the purified CYP1A1l
preparation (Fig. 2A, lanes 1 and 6, Fig. 2C, lane 5, data
not shown for antibody RM2). Antibody RM1 also
recognised purified rat CYP1A2 (Fig. 2B, lane 4), but
antibodies RM2 and RM3 did not (data not shown).
Antibody RM1 recognised 3 bands, considered to be
CYP1A1, P450MCX and CYP1A2, respectively (in order
from top to bottom), on immunoblots of 3MC- and Aroclor-
induced rat liver microsomes (Fig. 2A, lanes 2 and 35,
respectively}. On immunoblots of ISF-induced rat liver
microsomes, however, antibody RM1 recognised only a
single band (Fig. 2A, lane 4; Fig. 2B, lane 3), which
corresponded in M, value to the lowest band in 3MC- and
Aroclor-induced rats and to purified CYP1A2 (Fig. 2B,
lane 4). Note that the highest band (CYP1A1) was the
most intense in 3MC-induced rats whereas the lowest band
(CYPIAZ) was the most intense in Aroclor-induced rats.
No bands were recognised by any of the three antibodies
on immunoblots of liver microsomes from untreated rats
at the protein loading used (Fig. 2A, lane 3 and Fig. 2C,
lane 2; data not shown for antibody RM2). Antibody RM3,
which did not recognise purified CYP1AZ2, did not recognise
any band in ISF-induced microsomes (Fig. 2C, lane 3) and
recognised only the two highest of the three bands (CYP1A1
and P450MCX) in 3MC- and Aroclor-induced microsomes
(Fig. 2C, lanes 1 and 4). Antibody RM1 did not recognise
any proteins on immunoblots of liver microsomes from

B- or PCN-induced rats (data not shown). Monoclonal
antibodies which specifically recognised CYP2B1, CYP2C6
and CYP3A1 (plus CYP3A2), respectively, did not
recognise any proteins on immunoblots of the purified
CYP1Alpreparation, purified CYP1A2 orliver microsomes
from 3MC-induced rats (data not shown).

In conclusion, the evidence presented here indicates the
presence of a previously unreported 3MC-inducible form
of P450, P450MCX, which is not apparently constitutive
{or is expressed normally at very low levels) and is also
induced by Aroclor but not by ISF, PB or PCN. Although
its N-terminal amino acid sequence was distinct from
CYP1A1 and CYP1A2, the fact that three monoclonal
antibodies apparently specific to the CYP1A subfamily [10]
all recognised both P450MCX and CYP1A1 indicates that
P450MCX is probably a member of the CYP1 family.
Although only two members of the CYP1 family are
currently recognised in any species, allelic variation in
human CYP1A1 has been reported {16], but P450MCX is
almost certainly not an allelic variant of CYPIAl or
CYP1AZ2, Despite over two decades of intensive research
on P450, novel forms probably yet await discovery. For
example, a new PAH-inducible P450 (P450-EF), which is
distinct from CYP1A1 and CYP1A2 and has an M, (55,000}
similar to P450MCX and likewise lower than CYP1A1 has
been described, but without a sequence [17]. Another
novel P450 which is recognised by monoclonal antibodies
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to CYP1A1/CYP1A2 is induced in rat liver by 2-amino-1-
methyl-6-phenylimidazo[4,5-b]pyridine (PhIP), but has not
been sequenced [18]. However, the M, of the PhIP-induced
protein (51,000) is less than those of both CYP1A1 and
CYP1A2inthesame paper (56,000 and 54,000, respectively)
[18], whereas the M, of P450MCX was intermediate
between CYP1A1 and CYP1A2. Three lines of evidence
suggest that P4SOMCX is more closely related, both in
structure and regulation, to CYP1A1 than to CYP1A2: (i)
P450MCX and CYP1A1 co-purified under conditions which
separated CYP1AZ2; (ii) two of the monoclonal antibodies
which recognised both P450MCX and CYP1A1 did not
also recognise CYP1A2; and (iii) with the regimen used,
both P450MCX and CYP1A1 were induced by 3MC but
not ISF, whereas CYP1A2 was induced by both chemicals.
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