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SUMMARY: Cytochrome P-450AFB is a major isozyme inducible by
3-methylcholanthrene in Syrian golden hamsters and shows high
potency toward aflatoxin By, activation. We have isolated and
sequenced cDNA clones to P—4%0AFB by immunoscreening a hamster
liver ¢cDNA library in X gtll. The longest clone contains an open
reading frame of 1482 nucleotides and encodes a protein of 494
amino acids with amolecular weight of 57,420. The sequence of P-
450AFB shares a 73 % and 65% homology with that of mouse P-45015a
{(IIA3) and rat P-450a {11Al}, respectively, indicating that P-
450AFB is a unique gene of the P-45011A subfamily. The apparent
concentration of a mRNA species hybridizable to the clone as well
as the concentration of a protein immunoreactive to P-450AFB
was increased significantly by the treatment with 3-methyl-
cholanthrene, which indicates that the increase in P-450AFB
protein is due mainly to an elevation of the mRNA. o 1989 Acadenic

Press, Inc.

Cytochrome P-450 (P-450) is the terminal enzyme of the
pathway involved in the metabolism of a wide variety of
xenobiotics including carcinogens. The extremely broad substrate
specificity of P-450 is partly a result of various forms of P-
450. Extensive studies have revealed the existence of different
forms of P-450 in various animal species, and cDNA specific for

each of the P-450s has been isolated and classified into
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several subfamilies (1). However, the determination of cDNA for
hamster P-450s has not yet been reported.

We demonstrated previously that liver fractions of PCB-
treated Syrian golden hamsters possessed high potency toward
aflatoxin B;(AFBy) activation and isolated a unique P-450
isozyme (P-450AFB or P-450-1) which exhibited a high specific
activity to AFB1 compared to the isozymes from other animals (2).
More recently, we have provided immunochemical evidences using
monoclonal and polyclonal antibodies that this isozyme is
inducible by 3-methylcholanthrene-type inducers in hamsters (3)
but not in other animal species (4,5).

To more characterize this P-450 isozyme of hamsters and
establish its structural relationship to those of other animal
species, we have isolated cDNA clones of this isozyme and
sequenced the entire nucleotide sequence of the c¢DNA, which
would be the first report on cDNA sequence of hamster P-450s.
Sequence comparison indicates that this isozyme, most similar to
mouse P-450154(11A3) (6) and rat P-450a (11A1) (7), is a hamster

homologue of the P-450IIA gene subfamily.

MATERIALS AND METHODS

Protein Sequence Analysis of P-450AFB. P-450AFB protein was
purified from livers of 3-methylcholanthrene-treated Syrian
golden hamsters (Nippon SLC Co., Hamamatsu, Japan) as described
in our previous paper (2) and analyzed for the N-terminal amino
acid sequence by automatic Edman degradation using a gas phase
protein sequencer (Applied Biosystems 4704) (8).
Phenylthiohydantoin-amino acid derivatives were identified by a
HPLC using a Senshupak Aquasil SE-4 column.

Screening of cDNA Library and Sequencing. cDNA library was
constructed in the )Xgtll expression vector (9) essentially as
described (10, 11) with poly{A)* RNA isolated from livers of male
hamsters treated with 3-methylcholanthrene (12,13). Recombinants
from the cDNA library were screened with the use of the
polyclonal antibodies against P-450AFB (14), Positive clones
were isolated and the cloned cDNA inserts were purified after
EcoRI digestion and were subcloned into pUC19 for the production
of large amounts of DNA., A library of MI3 clones was produced
(15) by random sonication of the self-ligated insert cDNA,
followed by ligation into Smal-digested MI13mp8 vector DNA. MI13
DNA was sequenced by the dideoxynucleotide sequencing method
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(16). Sequence data were analysed by MicroGenie software
(Beckman Instruments Inc., Fullerton, CA).

Hybridization of RNA. Poly(A)* RNA was isolated from livers of
hamsters that were untreated or treated i.p. either with
phencbarbital (60 mg/kg) or with 3-methylcholanthrene (25 mg/kg)
20 hr prior to sacrifice (12,13). Poly(A}J*RNA was subjected to
electrophoresis (17) and transferred to Nytran membranes
(Schleicher & Schuell, West Germany). The membranes were
hybridized with the probe prepared by nick translation of the
fragment of the <cloned DNA, The hybridized bands were
visualized by autoradiography (18).

Immunoblot Analysis of Microsomal Protein. Hepatic microsomes
were prepared from hamsters that were untreated or treated either
with phenobarbital or 3-methylcholanthrene, and subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (19). The proteins on the gels were transferred to
nitrocellulose sheets (Schleicher & Schuell, West Germany) and
immunostained for P-450AFB (20).
RESULTS AND DISCUSSION

A hamster liver cDNA library was screened with polyclonal
antibodies raised against P-450AFB. From 6x105 recombinants, 80
positive clones were obtained and cDNA inserts of 24 clones
were isolated. Two clones with relatively longer cDNA inserts
were characterized. The clones contained an internal EcoRI site
and were digested into two fragments with approximate length of
0.6 kilobases (kb) and 1.2 kb. Subsequent sequence analysis has
shown that the clones were identical in their overlapping regions
and that the fragments of 0.6 kb and 1.2 kb encode the 5' end
and 3' end regions of P-450AFB mRNA, respectively. As
presented in Fig. 1, the entire cDNA clone for P-450AFB contains
12 nucleotides of 5' noncoding region and a reading frame
nucleotide of 1482 which encodes a protein of 494 amino acids
for a molecular weight of 57,420, which is approximately
equivalent to the value of 56,000 estimated from SDS-PAGE (2).
The 3' noncoding region contains 300 nucleotides including a
poly(A)* tail and a putative poly(A)* addition site signal
AATAAT. As for N-terminal amino acid sequence, the first 20

amino acids sequence determined by Edman degradation of the

purified protein was identical to the residues 1-20 predicted
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TCCACTGCCACC

ATGCTGGTGTCCGGGATGCTCCTCGTGGTTGTGCTAACCTGCCTCAGCGTCATGATCATAATGT CTGTGTGGAGGCAGAGGAGACTGTTG
MetLeuValSerGlyMetLeuLeuValValValLeuThrCysLeuSerValMetIleIleMetSerValTrpArgGlnArgArgLeuLeu
30
AGGAAGATGCCTCCAGGACCCACCCCACTGCCCTTTATTGGGAACTTTCTGGAGCTGGACACAGAGAAGTTTTATGACTGCCTTTCAAAG
ArgLysMetProProGlyProThrProLeuProPheIleGlyAsnPheleuGluLeuAspThrGluLysPheTyrAspCysLeuSerLys
60
ATGAGGGAGCGGTATGGCCCTGTGTTCACCATCCACCTGGGGCCTCGACCTGCTGTGATGCTGTGGGGTTACGATGCTGTGAAGGAGGCT
MetArgGluArgTyrGlyProValPheThrIleHisLeuGlyProArgProAlaValMetLeuTrpGlyTyrAspAlaValLysGluAla
90
CTCATTGACCAGGCTGAGGAGCTCAGTGACCGAGGAGAGCAARGCTTTCTTCGACTGGTTCTTCAAAGGCTATGGTGTGGTGTTCAGCTCC
LeulleAspGlnAlaGluGluLeuSerAspArgGlyGluGlnAlaPhePheAspTrpPhePhelysGlyTyrGlyValValPheSerSer
120
GGGGAGCGCGCCAAGCAARCTCAGGCGCTTCTCCATCGCCACGCTGAGGGACTTCGGCTTTGGAAAACGTGGCATTGAGGAGCGCACCATA
GlyGluArgAlaLysGlnLeuArgArgPheSerIleAlaThrLeuArgAspPheGlyPheGlyLysArgGlylleGluGluArgThrlle
150
GAGGAGACCAGCTTTCTCATACAGGCCCTGCGGGACACAAACGGTGCCACAATAGACCCCACCTTCTACATGAGCCGGACAGTCTCCAAC
GluGluThrSerPheLeulleGlnAlaLeuArgAspThrAsnGlyAlaThrIleAspProThrPheTyrMet SerArgThrValSerAsn
180
GTCATCAGTTCCATTGTGTTIGGGAACCGCTTTGAATATGACGACAAGGAATTCTTGTCACTGTTGGGCATGATAATGCGAAGTTTCCAG
VallleSerSerIleValPheGlyAsnArgPheGluTyrAspAspLysGluPheLeuSerLeuLeuGlyMet IleMetArgSerPheGln
210
TTCATGTCTACTTCAACAGGACAGCTCTTTGAGATGTTCTATTCAGTGATGAAGCACCTGCCAGGATGCCAGCACCAGGCCTATAAGGAA
PheMetSerThrSerThrGlyGlnLeuPheGluMetPheTyrSerValMetLysHisLeuProGlyCysGlnHisGlnAlaTyrLysGlu
240
ATGCAGGGACTGGAGGACTTCATAGCCAGGAAGGTGGAAGAGAACCARCGCACCCTGGACCCCAACTCCCCCCGGGACTTCATCGACTCC
MetGlnGlyLeuGluAspPhelleAlaArgLysValGluGluAsnGlnArgThrLeuAspProAsnSerProArgAspPhelleAspSer
270
TTCCTCATCCGCATGCAGGAGGAGAAGAAGAACCCTCGAACTCAGTTTCACATGAGGAACCTGCTCATGACCACACTGAACCTTTTCTTC
PheLeulleArgMetGlnGluGluLlysLysAsnProArgThrGlnPheHisMetArgAsnLeuLeuMetThrThrLeuAsnLeuPhePhe
300
GCGGGTACAGAGACCGTCAGCACARCCACGCGTTACGGCTTCCTGCTGCTCATGAAGTACCCTCACATTGCAGCCAAGATGCATGAGGAA
AlaGlyThrGluThrValSerThrThrThrArgTyrGlyPheLeuleuleuMet LysTyrProHisIleAlaAlaLysMetHisGluGlu
330
ATTGACCAGGTGATTGGCAGGAACAGGCAGCCCAAGTATGAGGACCATTTGAAGATGCCCTACACTGAGGCTGTCATCTACGAGATCCAG
IleAspGlnVallleGlyArgAsnArgGlnProLysTyrGluAspHisLeuLysMetProTyrThrGluAlaVallleTyrGlulleGln
360
AGATTTGTAGATGIGGTTCCTTTGGGTCTGCCCCGTAGCACCACCAAGGACATCAAGT TTCGGGACTTCCTCATTCCCAAGGGCACTGAC
ArgPheValAspValValProLeuGlyLeuProArgSerThrThrLysAsplleLysPheArgAspPheleulleProLysGlyThrAsp
390
GTTTTCCCTGTACTGAGCTCTGTGCTGAAGGACCCCAAGT TCTTCTCCAACCCCAACGACTTTAACCCCCAGCACTTCCTGGATGACAAG
ValPheProValLeuSerSerValLeuLysAspProLysPhePheSerAsnProAsnAspPheAsnProGlnHisPheLeuAspAspLys
420
GGACAGTTTAAGAAGAGCAATGCTTTTATGCCCTTCTCCGTTGGAAAGCGATACTGTTTTGGAGAARGCCTGGCTAAGATGGAGCTCTTC
GlyGlnPheLysLysSerAsnAlaPheMetProPheSerValGlyLysArgTyrCysPheGlyGluSerLeuAlalysMetGluLeuPhe
450
ATCTTCTTCACAACCATCATGCAGAATTTCTGCTTCAAGTCCCCACAGGCACCCCAAGACATAGATGTGACCCCACAATATT TCAGCTTT
IlePhePheThrThrIleMetGlnAsnPheCysPheLysSerProGlnAlaProGlnAsplleAspValThrProGlnTyrPheSerPhe
480
GCCGCAATCCCTCCAAAATTCACCATGAGCTTCCTGCCTCGCTGAGCGGGAACTCTGATGGGTGGAGACAATGAGCATGTCCAGAAACAG
AlaAlaIleProProLysPheThrMetSerPheLeuProArgEnd
494
GGCGGGGCTAATGGGGTGGGGCCAATCCGGGTAGGGCTARAGGAGAGCATGAAAAT TAGAGGGAAGTCTGGGGCCTGAAGTATTACACAG

AGAGAGAGAGAGAGCTGAGCAGAGTGATCACCTTCCTGAAGACGGGTTCTTCAAAGTTGGGAAGAGAGGCTGGGATGCCTTCCCGTCGTA

TCTGAACACCGATCGIRATAATTARAGCTATTGT TGATTGTGAAAAAAARARAARARAAARAARARAARAAA

Fig. 1. Nucleotide and deduced amino acid sequence of P-450AFB
cDNA. Internal EcoRI site and the homologous C-terminal
Ccysteine region are underlined. Boxed sequence denotes poly(A)*
addition site signal. Nucleotides are numbered to the right of
eachdline and amino acids are numbered below the corresponding
residue.
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Table 1. Comparison of deduced amino acid sequences between
P-450AFB and other cytochorme P-450s

Subfamily  Animal Protein Amino acid homology (%)
Whole N-terminal C-terminal
region region cysteine region

11A3 Mouse P-45015¢ 73.4 55 80.1

[TA] Rat P-450a 65.3 65 66.6

[1A2 Rat P-450a2 61.6 65 71.4

11BI Rat P-450b 54.5 30 61.9

11C7 Rat P-450f€ 48.3 10 66.6

I11E1 Rat P-450j 42,5 10 66.6

I1ID1 Rat P-450dbl 38.1 20 66.6

1A2 Rat P-450d 32.4 20 47.6

[I1A4 Human P-450NF 25.0 20 33.3

IVA1 Rat P-450LAw 24.0 25 38.0

The results are given as the percent homology with P-450AFB in
the whole sequence, in the N-terminal sequence of 20 amino acids
and in the C-terminal sequence of 21 amino acids surrounding
cysteine residue. The subfamily names are taken from the nomen-
clature proposed by Nebert et al. (1).

from cDNA sequence, which confirmed that the clones were derived
from a P-450AFB mRNA.

As presented in Table 1, the comparison with P450s of
various gene subfamilies has shown that P-450AFB protein sequence
has high similarity with those of P-450IIA subfamily, sharing a
73 %, 65 % and 62 % homology with mouse P-45015¢ (11A3) (B8), rat
P-450a (11A1) (7) and P-450a2 (IIAl) (21), respectively. This and
the characteristics of P-450AFB, especially its extremely high
inducibility by 3-methylcholanthrene (more than 100-fold) and
high potency toward AFB, activation, suggests that P-450AFB
belongs to IIA subfamily but is a unique gene in this subfamily.
In addition, P-450AFB showed higher similarity with phenobar-
bital-inducible P-450s of IIB family {P-450b, P-450e) (22) than

with 3-methylcholanthrene-inducible P-450s of IA subfamily (450c,
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P-450d) (23,24). It is to be noted that P-450AFB has very low
similarity with P-450NF (I11A4) that was reported responsible
for AFB; activation in human livers (25).

Comparison of the N-terminal region shows that P-450AFB
shares 55 - 65 % identical residues in the first 20 amino acids
with P-450s of IIA subfamily, while it shares less than 30 %
identical residues with other subfamilies. On the contrary, the
C-terminal region containing cysteine residue is more conserved,
and similarity in this region can reach 80 % between P-450AFB and
P-45015y¢ and over 60 % with P-450s of Il gene family. This
confirms further that P-450AFB belongs to P-45011A subfamily.

The size of the mRNA encoding P-450AFB was determined by
hybridization of poly(A)+ RNA from hamster livers with the probe
prepared from 5' end half of the cDNA consisting of 600 base

pairs. A strongly hybridizing band of mRNA species was detected

A B
28s -
. W& -P450aFs
18S =
1 2 3 1 2 3
Film exposure
10 days 1 day

Fig. 2. Hybridization analysis of mRNA and immunoblot analysis
of microsomal proteins prepared from the livers of hamsters.
Panel A; autoradiograph of mRNA (2 pg) hybridized to the nick
translated probe of the fragment of the isolated cione.
Autoradiographic exposure time is 10 days for lane 1 and 2, and 1
day for lane 3. Panel B; immunoblot of microsomal proteins (4
pg) immunostained using the antibodies against P-450AFB. In
both A and B, lane 1, untreated hamsters; lane 2, phenobarbital-
treated hamsters; lane 3, 3-methylcholanthrene-treated hamsters.
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with an approximate size of 2.3 kb. An additional faint band was
detected in the ranges of 4.0-4.5 kb. The apparent concentration
of the major mRNA species was much higher in the livers of
hamsters treated with 3-methyicholanthrene than in those of
untreated or phenobarbital-treated hamsters (Fig. 2A), which
correlated well with the levels of the protein determined by
immunoblot analysis (Fig. 2B). These results suggest that the
induction of P-450AFB protein 1is due mainly to an elevation of
its mRNA,

The present study has shown for the first time the
isolation of <cDNA clones for a P-450 isczyme of hamsters,
which might be a unique gene of P-45011A subfamily. Further
study would contribute to elucidate the role of the isozyme in
AFBl-toxicity and the mechanism of induction in hamsters by 3-

methylcholanthrene.
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