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  450
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                           SUMMARY

     mRNA encoding cyPochrome P-450 was extracted from liver

microsomes of phenobarbital (PB)-treated rabbits and partially
                    ttpurified by oligo(dT)-cellulose chromatography and subsequent

sucrose density gradient centrifugation. The mRNA acti'vity was

located in the 18--21 S fraction by their translation in vitro'and

Northern blot analysis. Plasmids containing ds-cDNA
complementary to the partially purified mRNA were constructed by

using a repair system and used to transfrom !li. Åíg],2,. By
                                              .                     'appropriate screening techniques, eight cDNA clones, including

three full-length ones, were isolated. The nucleotide sequences

of these cDNAs were determined mainly by the M13 dideoxy
termination method. The inserts of pHP-1, pHP-2, and pHP-3 were
 '

1,802, 1,948 and about 1,700 bp long and contained open reading

frames coding for polypeptides consisting of 491, 490, and 490

amino acid residues, respectively. Only pHP-2 possessed a
poly(A) tail and two possible poly(A) addition signals. pHP-2
                                                     '                                                     'was found to be identical with pP-450PBc2, a clone encodihg a PB-
                                               '
inducible rabbit cytochrome P--450, described by Leighton .g!tL al.

except that the latter lacks the sequence coding for the NH2-

terminal 11 amino acids as well as the poly(A) sequence and there

are two nucleotide substitutions in their overlapping region. The

molecular weights calculated for the deduced primary structures

of the three clones were 55,700 to 55,800, and pHP-2 and pHP-3

contained 2-3 times more cysteine and asparagine residues than

pHP-1. The hydropathy profiles are very similar to one another,

in spite of the low homology in primary structure (about 50 7.
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between pHP-1 and pHP-2 or pHP-3). Among the incomplete length

cDNA clones, three (tentatively called M046, B14 and B52) were

more than 95 % homologous with pHP-1. Thus, these four cDNAs

belong to the same group that displays microheterogeneity. The

primary structure reported for P-450LM2, the major PB-inducible

form of rabbit liver cytochrome P-450, is also highly homologous
                                             'with those of the pHP-1 group. Unlike the case for' the

                                                    'microheterogeneity in PB-inducible rat liver cytochrome P-450s,

the amino acid substitutions in the rabbit pHP-1 group are Seen

rather randomly over the whole sequence. The cDNA in aclone
                                             'provisionally called M12 shows a very high homology (91 7o) with

rabbit liver progesterone 21--hydroxylase. The overlapping

clones, b43 and b43FPI, together encode a unique form of
cytochrome P-450 which is clearly different from any other forms

so far sequenced. The primary structure encoded bythese two

clones seems to lack the NH2-terminal three amino acid residues.

Homology comparisons among the eight cDNAs examined here and

those studied by other investigators indicate that at least five

groups of cytochrome P-450 are expressed in the liver of PB-

treated rabbits and it is likely that each group displays varying
                                                     'degrees of microheterogeneity. Northern blot analysis' showed

that expression of cytochrome P--450s encoded by pHP-1 and related

clones is strongly induced by PB and moderately by isosafrole

(ISF), whereas the induction of pHP-2 (pHP-3 and M12) type

cytochrome P-450s by PB and ISF is very weak. On the other hand,

cytochrome P-450 encoded by b43 is weakly inducible by 3-
methylcholanthrene (MC), B-naphthoflavone (B-NF), and ISF, but

not by PB. Southern blot analysis of genomic DNA suggested that

                             2



genes

gene

 corresponding

families.

to pHP-1 and pHP-2 belong to separate multi-
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INTRODUCTION

     Hepatic cytochrome P-450s are the terminal enzymes of the

microsomal monooxygenase system that catalyze oxidative
transformation of ' a large variety of xenobiotics as well as

endogenous substirates such as steroids and fatty acids (1-3).

The very broad susbstrate specificity displayed by this
monooxygenase system can be at least in part accounted for by the

occurrence of multiple forms of cytochrome P-450 in liver
microsomes. A number of different forms of cytochrome P-450 have

been purified from liver microsomes of drug-treated and untreated

mammals(4-16). An important feature of liver microsomal
cytochrome P-450s is that administration of various drugs to

animals results in specific induction of a form or forms of

cytochromeP-450 depending on the drug given (1). Although the

mechanism of induction is not yet well understood, the induction

by polycyclic aromatic hydrocarbons involves a cytosolic receptor

thatbinds the inducer and enters the nucleus (17). In order to
                                                     :•elucidate the biological significance of the multiplicity of

hepatic cytochrome P-450 at the DNA level, several cDNA'and

genomic clones encoding different forms of cytochrome P-450 have

been isolated and their structures have been analyzed (18-31).

Based on these studies, it now seems that there are at least
                                                 'three types of cytochrome P-450 gene family in the rat, namely

phenobarbital (PB)-inducible, 3--methylcholanthrene (MC)-
                   'inducible, and 16or-pregnenolone carbonitrile (PCN)-inducible
                              'cytochrome P-450 gene families.

    Two closely similar forms of cytochrorne P-450, called P-450b
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and P-450e, have been purified from liver microsomes of PB-
treated rats (12,13). That these two structurally related forms

are the products of different genes has been confirmed by
isolation and structural analysis of the corresponding genomic

clones (19,20). These findings suggested that there is
microheterogeneity at least among PB-inducible forms of
                                           'cytochrome P-450 in rat liver microsomes. However, such
microheterogeneity has not yet been extensively studied. Many

forms of PB-inducible cytochrome P-450 have been purified from

rabbit liver microsomes in this laboratory (4,5,7). It is,

therefore, highly likely that microheterogeneity also exists in

PB-inducible rabbit liver cytochrorne P-450s, as in the case of

the rat counterparts.

   We report here the isolation of eight cDNA clones, including

three full-length ones, that encode PB-treated rabbit liver

cytochrome P-450s. Their nucleotide sequences and primary

structures deduced.therefrom are also presented and compared

with sequencing data reported by other investigators. ,Some of

the cDNA clones isolated were used for Northern blot analysis of

cytochrome P-450 expression as well as for Southern blot analysis

of their genes.
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MATERIALS AND METHODS

Materials
    [35s]Methionine (1,ooo cilmmol), [ct-35S]dATPaS (650 Ci/mmol),

[ct-32p]dcTp (3,ooo ci/mmol), [y-32p]ATp (3,ooo ci/mmol),'and

[3H]dCTP (50-85 Cilmmol) were purchased from Radiochemical

Centre, Amersham. The following chemicals and biochemicals were

purchased from the sources indicated in parentheses: avian
myeloblastosis virus reverse transcriptase (Life Science Inc.);

Klenow fragment of !1. ÅíglL DNA polymerase I, terminal
deoxynucleotidyl transferase, and Pstl-cut, oligo (dG)-tailed

pBR322 (Bethesda Research Laboratories); Sl nuclease (Sankyo

Co.); oligo (dT)12-ls and oligo (dT)-cellulose (P-L
Biochemicals); nick translation kits, M13 cloning and sequencing

kits (Amersham International, Takara Shuzo), restriction enzymes

(New England Biolabs, Nippon Gene, and Bethesda Research
                                                       'Laboratories); and nitrocellulose filters (S&S). Wheat-gdrm S-23

extracts were prepared as described (32). Plasmid pcP-450pb4, was
                   tta generous gift from Dr. Y. Fujii-Kuriyama of Cancer Institute,

Japanese Foundation for Cancer Re$earch (18).

Animals and Phenobarbital Treatment

    Male, white rabbits, weighing 2-2.5 kg, were maintained on a

standard laboratory chow and injected intraperitoneally with PB

16 h before sacrifice (for RNA preparation) or daily for 7 days

(for P--450 proteins preparation) at a dose of 100 mg per capita

each time.
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!Pl.!z.g2a.!.g.!iSg.!!t of Anti-P-450 Antibodies -
   ,Cytochrome P-4501 (the major form), P-4502 and P-450sc (the

minor forms) were purified from PB-treated rabbit liver by the

method described previously (33). Monospecific anti-P-450
antibodies were produced in guinea pigs and isolated as described

(34). Their specificities were checked by an immunoblotting

method (35).

RNA2P2Åí.p.a.!:.e.!i.ILg.!}.Et

    Preparation of mRNA for cDNA synthesis was carried out as

                   . -tschematically shown in Fig 1. Total RNA was e•xtracted with a

sodium dodecylsulfate(SDS)-phenol-chloroform• mixture from liver

microsomes of PB-treated rabbit as described (36). The extracted
                                              'RNA was then precipitated with 2 M LiCl as described by Schimke
      'et al. (37). Poly(A)+ RNA was enriched from the total RNA by two

cycles of oligo(dT)-cellulose column chromatography (38) and

size-fractionated by centrifugation through a sucrose
concentration gradient from 5 to 25 7. (wlv) in 10 mM Tris-HCI (pH

7.4) containing 10,mM EDTA and O.2 7o SDS at 30,OOO rpm for 15 h

at 150C. After centrifugation, O.4-ml fractions were collected

by means of an ISCO model 640 fractionator. RNA in each fraction
                                             tt
was precipitated with ethanol, dissolved in water, and an aliquot

of each fraction was translated in wheat-germ S-23 extracts at
                                                        '290C for 60 min. The translates were then subjected to
immunoprecipitation with antibodies raised against the three

purified cytochrome P-450s. The immunoprecipitates were analyzed

by SDS-polyacrylamide gel electrophoresis as described by
Laemmli (39) and subsequently subjected to fluorography (40).
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Each fractions was also analyzed by Northern blot hybridization

using a fragment of pcP-450pb4 as a probe. Fractions in which

mRNAs encoding cytochrome P-450s (sedimentation coefficient, 18-

21 S) were pooled and used for cDNA synthesis. The guanidine

thiocyanatelCsCl method (41) was used for small-scale preparation

of mRNA that was used for Northern blot analysis. In this case,

livers from variously drug-treated rabbits (which were generous

gifts from Mr. N. Kagawa in this laboratory) were cut into small

pieces and frozen in liquid nitrogen as soon as they ,were

removed.

ConstructionofcDNAuaLb andmaScreenin
    6DNA synthesis was first performed according to the Sl
nuclease method described by Maniatis et al. (42), then by two

methods as shown in Fig. 2 using the repair system described by

Okayama and Berg (43). In Method I, cDNA was synthesized by
reverse transcriptase using a "small primer" as a primer. This

primer was prepared from pSV7186 as a by-product of preparation

of the vector prirner of Okayama and Berg as shown in Fig. 3. Thb

DNA-RNA hybrid thus synthesized was oligo(dC)-tailed with
terminal deoxynucleotidyl transferase and annealed with Pstl-cut,

oLigo(dG)-tailed pBR322. Then the RNA strand was replaced by DNA

with the aid of the repair system containing ribonuclease H, DNA

polymerase I, and NAD+-dependent DNA ligase (43). The ds-cDNA

thus obtained was used to transform Jil. coli DHI. This method

resulted in selection of a clone called pHP-2. In Method II,

cDNA was synthesized by reverse transcriptase using oligo(dT)12-

ls as a primer. Then the RNA strand of the DNA-RNA hybrid was
                                                        -t
 '                                                       '    '
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replaced by DNA as described above in the linear statg. After

size fractionation by Sepharose CL-4B gel filtration, the cDNA

fractions which were larger than 500 bp were pooled, oligo(dC)-

tailed, annealed with Pstl-cut, oligo(dG)-tailed pBR322, and

used for transformation of E. coli DHI or HBIOI. Two full-sized
                         -
clones, pHP-1 and pHP-3, and other short clones were selected by

this method. All the cloning procedures were conducted in a P-2
                                                        'biocontainment facility in accordance with the Guidelines for

Reseach Involving Recombinant DNA Molecules issued by the
Ministry of Education, Science and Culture of Japan.

:C=g.ÅígluLo1o andSouthernB1otUHJL!2.zl.g2.bridiatio

    Approximately 30,OOO tetracycline-resistant transformants

were screened by Lt situ colony hybridization on nitrocgllulose
                                                     ;
filters as described (44) using a fragment of pcP-450pb4 as a
                                                        'probe. Plasmid pcP-450pb4, whose insert encodes a PB-inducible

form of rat liver microsomal cytochrome P-450 (18), was digested

with !B2&!,III. A 390 bp RB.gdl,III fragment thus obtained (see Figv 9)

was labeled with [or-32P]dCTP by nick-translation, and used as a

probe in this colony hybridization. A 180 bp ,B!2.g-,klll-Hindlll
                                               'fragment was also used as a probe. The colony hybridization was
                  'carried out at 550C for 18 h in a sealed bag containing a
                   '
hybridization buffer (5 x SSC-10 x Denhart's-O.1 % SDS-100 uglml

of sheared and heat denatured salmon sperm DNA). After
hybridization, the filters were washed twice with 2 x SSC-O.2 7.

SDS at 550C, dried, and autoradiographed at -800C. Rabbit liver

                                             'DNA was isolated as described (45), digested with various

restriction enzymes, and subjected to agarose (1 9e) gel
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electrophoresis. The DNA fragments were then subjected to
Southern blot analysis (46). Pstl digests of positive cDNA

clones were also subjected to Southern blot analysis. Southern

hybridization was carried out as described above (see colony

hybridization) except that the hybridization temperature was
performed 650C.

RestrictionlEIL!}uul!gmeusM andDNAuaSe e

    DNAs of hybrid plasmids were prepared by lysozyme-alkali SDS

lysis of cells and polyethylene glycol precipitation or,CsCl
                                                     :.
gradient centrifugation as described (42,47). Restriction enzyme

m.apping of hybrid plasmid was carried out using various
restriction endonucleases, and the digested DNA fragments were

analyzed by 1-1.5 Y. agarose gel electrophoresis. Sequence
determination of the DNA fragments was mainly carried out by the
dideoxy termination method (48) using [ct-35s]dATpcts as a

radioactive label, essentially according to the instructions

provided by the kit supplier. In some cases the sequences were

deterrnined by,the chemical cleavage method (49).

NorthernBlot!HU!2.!zi.sL@S2.!2Abdt

   Total RNA (about 10 pg) isolated from livers of drug-treated

and untreated rabbits was denatured in 2.2 M formaldehyde and 50

7. forrnamide for S min at 550C and subjected to electrophoresis on

1 % agarose gel containing 2.2 M formaldehyde. After
electrophoresis, RNA was transferred to a nitrocellulose filter

and baked at 800C for 2 h. Hybridization was carried out first
                                                        'with sheared and heat denatured salmon sperm DNA, then with 32p-
                                                    '
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labeled probes at 420C for 18 h in a hybridization buffer (50%

formamide-50 mM sodium phosphate (pH 6.5)-5 x Denhart's solution-

5 x SSC-250 pglml of sheared and heat denatured salmon sperm

DNA). Washing procedures were carried out as described in
"Colony and Southern Blot Hybridization".

Other Methods

   Purified P-450 was digested by lysyl-endopeptidase and the

resulting peptide fragments were purified by HPLC (50). The NH2-
      'terminal sequences of these peptide fragments and some purified

P-450s were determined with a Gas Phase Sequenator (Applied

Biosystems, 470A) (51). Evaluation of hydropathy were performed

by the published procedures (52).
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                           RESULTS

PartialPurificationof!C,t.}L!isLga!ggLgtohr P-450mRNA
  '    We purified threq forms of cytochrome P-450, P-4501, P-4502,
and P--450es , from liver microsomes of PB-treated rabbits (4,7' ,32)

and prepared antibodies in guinea pigs against these forms of

cytochrome P-450. P-4501 is the major PB-inducible form, P-4502

is a rninor form having high affinity with coumarin derivatives
                     '(7), and P-450es is a by-product in the purification of P-4502

                                        ee(33). The NH2-terminal sequence of P-450 was quite identical

with that of rabbit liver cytochrome P-450 (isozyme 3c; LM3c)

(53). As a first step of partial purification of mRNA encoding

PB-inducible forms of cytochrome P-450, we examined the levels of

these forms of cytochrome P--450 in liver microsomes from
variously treated rabbits by Western blot hybridization. Fig. 4

shows the results obtained with anti-P-4502 antibodies. A$ can
                                                     :be seen, the antibodies reacted strongly with microsomes from

untreated (lane 1) and PB-treated (lane 2) rabbits. They ctoss-
                                                     screacted with purified P-4501 (lane 6) but not with P-450                                                       (lane

8). The content of cytochrome P-450 reacting with anti-P-4502

antibodies was Pighest in microsomes from untreated and PB-

treated rabbits, followed by those from ISF-treated animals (lane

5). The contents in liver microsomes from MC- and B-NF-treated

rabbits were low (lane 3 and 4). Although data are not shown,

anti-P-4501 antibodies reacted strongly with microsomes from PB-

treated rabbits, but did not practically react with those from

untreated animals. It therefore seemed desirable to use
microsomes from PB-treated rabbits for preparation of RNA.
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    To examine the contents of mRNA coding fo;. PB-inducible forms

of cytochrome P-450 in" various types of livers, we isolated total

RNAs from livers of variously treated rabbits and analyzed by

Northern blot hybridi'zation using a !B2-g.ÅíIII fragment (containing

highly conserved "HR2" region (54)) of pcP-450pb4, a cDNA clone

encoding a PB-inducible rat liver microsomal cytochrome P-450 (P-

450b) (18) as a probe. As shown in Fig. 5A, this probe
hybridized very strongly with total RNA from PB-treated rats
  '(lane 6). Among rabbit liver microsornes, only those from PB-
treated animals hybridized with this probe (lane 2). Poly(A)+

RNA from the same source exhibited a stronger hybridization

signal (lane 8). In all positive cases, only a single RNA

species showing a mobility corresponding to about 2,OOO
nucleotides long was detected. We therefore decided to use liver

microsomes from PB-treated rabbits as the source for partial

purification of cytochrome P-450 mRNA. In case of usirig rabbit

cDNA fragment as a probe, its result was shown in Fig.J' 5B.

    Poly(A)+ RNA was enriched by oligo(dT)-cellulose
                    'chromatography from total RNA extracted from liver microsomes of

PB-treated rabbits. The poly(A)+ RNA preparation was
               'fractionated by centrifugation through a linear sucrose
concentration gradient (from 5 to 25 % (wlv)). The content of

mRNA coding for PB-inducible cytochrome P-450 in each fraction

collected after centrifugation was analyzed by subjecting it to
                                    'translation in a wheat-germ cell-free system followed by
immunoprecipitation with a mixture of anti-P-4502 and anti-P-450X

antibodies. As shown in Fig. 6, mRNA encoding these forms of

cytochrome P-450 was found to be concentrated around Fraction 18.
                                               '                                               '
                        '
                            13



This was further confirmed by Northern blot hybridization
analysis with the 2B2g.d,III fragment of pcPB-450pb4 (data not shown).

We therefore pooled Fractions 15 through 20 and used for cDNA

synthesis. These fractions had sedimentation coefficients from

18 to 21 S. It was estimated by immunoprecipitation that about 5

7o of the total RNA ln the pooled fractions was mRNA encoding

these forms of cytochrome P-450.

thS u}.U}sgL.{lth of Double-stranded cDNA and Selection of Plasmids

                                                '
    cDNA was synthesized from the partially purified poly(A)+ RNA

by two methods as described in "Materials and Methods". In

Method I, approximately 2,500 tetracycline-resistant colonies

were obtained. These colonies were screened by in situ colony
hybridization under a low stringent condition using the 32p-

labeled !B2.gpl,III fragment of pcP-450pb4 (rat PB P-450 clone) as a

probe, and 16 positive clones were obtained. Of these clones,

one called pHP-2 produced a faint signal in colony hybridization

but was found to have the longest insert of 2.1 kbp. Although

the other clones exhibited stronger signals, they contained

smaller inserts of 1.0-1.7 kbp. The length of mRNA coding rat P-

450b was estimated to be approximately 2.0 kbp by Northern blot

hybridization, as described above. Clone pHP-2 was, therefore,

expected to contain a full-length cDNA encoding a cytochrome P-

450. Both the single and double stranded cDNAs prepared by
Method !I were labeled with [ct-32P]dCTP and arialyzed by 1 7o

alkaline agarose gel electrophoresis and subsequent
autoradiography. As can be seen in Fig. 7A, the first strand
                                              '
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preparation (lane 2) contained components longer than 2 kbp,
ighereas the distribution of the double stranded DNA preparation

was shifted to the larger side (lane 3). This suggested the

possibility that a "runback" reaction using hairpin structures

took place partially. In any case, the ds DNA preparation was

size--fractionated by CL--Sepharose 4B gel filtration (Fig. 7B).

The fractions whose minimum length was larger than 500 bp (lanes

2-5) were pooled, oligo(dC)-tailed, and annealed with Pstl--cut,
    'oligo(dG)-tailed pBR 322. This was then used to transform !l;.

coli DHI or HBIOI, leading to the production of approximately

30,OOO transformants. By screening these transformants by in

situ colony hybridization with a mixture of aPpropriate cDNA

fragments as a probe, about 160 positive clones were obtained.

The strength of their hybridization signals varied among the

individual colonies, probably depending on the difference in

homology of their sequences with those of the probe used. Fig. 8

shows part of the results of Lt situ colony hybridization. DNAs

of these positive clones were prepared from overnight cultures

(1.5 ml each) and digested with Pstl to estimate the size of

their respective inserts. Five clones, termed pHP--1, pHP-3,

M046, b43FPI and M12, ,contained fairly large inserts and were,

therefore, further studied. Especially, pHP-1 (indicated by an

arrow in Fig. 8B) and pHP-3 were expected to contain full-length

cDNA coding for cytochrome P-450s. Other clones, termed B52, B14

and b43 were obtained by the Sl nuclease method.
 ,

Restriction ,MLa.p.Ea s of the Cloned cDNAs
                                               '   Plasmids DNA of the above eight clones containing large
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inserts were prepared at large scale and their restriction maps

were made, and the results are shown in Fig' . 9. pHP-1, M046,

B52, and B14, which produced intense hybridization signals with a

fragment of pcP-450pb4, showed similar restriction maps.
  'Especially, the restriction maps of B52 (insert, about 1.2 kbp)

and B14 (insert, about 1.2 kbp) were identical with that of pHP-1

(insert, 1.8 kbp) in their overlapping region. These three

clones may represent the same cDNA. M046 (insert, 1.65 kbp)

differed from pHP-1 in deleting two Aval sites between the Accl
       'and Sacl sites and one of the four internal Pstl sites of pHP-1.

The other five clones, pHP-2, pHP-3, M12, b43 and b43FPI, gave

only faint hybridization signals with the rat cDNA probe. Among

them, pHP-2, which was obtained by Method I and assumed to

containafull-lengthcDNA,exhibitedanidenticalrestriction
map with pP-450PBc2, a clone reported by Leighton et al. (28)

encoding a PB-inducible rabbit liver microsomal cytochrome Pr450.

[rhe cDNA in the latter clone is not a full-length one lagking the

sequence corresponding to the NH2-ter'minal 11 amino acid
residues, whereas the insert in pHP-2 is elongated by 90 bp at

the 5' end and its total length is 1.9 kbp. The restriction map

of pHP--3 (insert, 1.7 kbp) was similar but clearly different from
                                      'that of pHP-2 in that the EcoRI and Bag!HI sites in pHP-3 were

missing in pHP-2. The maps of M12 (insert, 1.2 kbp), b43 and

b43FPI were quite different from those of the clones so far
described. b43FPI was isolated by using the 5'-region of b43 as a

probe, and they showed the same restriction map in their
overlapping portion. These two clones together covers a cDNA

that are 1.5 kbp long. From these results, it appears that the
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cDNA clones isolated can be classified into at least four
distinct groups as follows: (pHP-1, M046, B52 and B14), (pHP-2

and pHP-3), (M-12) and (b43(b43FPI)). Fig. 10 shows the results
                                                            'of Southern blot hybridization among these cDNA clones. When the

2SuAI fragment of pHP-1 was used as a probe, pcP•-450pb4, pHP-1,

and M046 gave strong signals, but pHP-2, pHP-3, b43 and M12 gave

only faint signals (Fig. 10A). On the other hand, when the

Pstl-EcoRI fragment of M12 was used as a probe, pHP-2, pHP-3, and

M12 gave strong signals, but b43 gave a medium signal. pcP-

450pb4, pHP-1 and M046, on the other hand, gave only faint
signals (Fig. 10B). These results suggested that M12 is related

to the group comprising pHP-2 and pHP-3, whereas b43 (ib43FPI)

belongs to a group distinct from the other ones.
            '

RSstLYst!i2.g AAuatM.s2.snal sis 2.!fL the cDNA CIones

    Sequence analysis of the cloned cDNAs was conducted by the

M13 dideoxy method, but the sequences of some regions, where this

method gave ambiguous results, were confirmed by the method of

Maxam and Gilbert. Fig. 11 shows the strategy adopted for
sequence determination of the inserts of pHP-1, pHP-2 and pHP-3.

The sequences of most parts of the cDNAs were determined at least

twice. Fig. 12 shows the complete nucleotide sequence of the
                        'insert of pHP-1. This sequence contains an open reading frame

spanning 491 amino acid residues, and the deduced amino acid

sequence is also sho.wn in Fig. 12. The total length of the cDNA

is 1,802 nucleotides including a 37 bp 5'-noncoding sequence and

a 289 bp 3'-noncoding sequence. However, it lacks any
polyadenylation sequence. The deduced primary structure contains
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two highly con$erved regions among cytochrome P-450s: "HRI" from

residues 142 through 158 and "HR2" from residues 429 through 446.

The conserved cysteinyl residue in the "HR2" region, which is

thought to bind to the heme (54), is positioned at residue 436.

A molecular weight of 55,700 was calculated for the deduced
      'primary structure. This value is very higher than the molecular

weight (49,OOO) determined for purified P-4501, the major PB-

inducible rabbit liver cytochrome P-450, by SDS-polyacrylamide

gel electrophoresis (4,5). Such, discrepancies have also been

reported for other microsomal cytochrome P-450s (18). The amino

acid sequence predicted from the nucleotide sequence of pHP-1

exhibits an approximately 76 % hornology with those of P-450b and

P-450e, two major PB-inducible forms of rat liver microsomal

cytochrome P-450. This high homology suggests that the pHP-1

protein is a rabbit counterpart of rat P-450b and P-450e, which

are closely related to each other (13,20). Coon and associates

hav,e recently reported the complete amino acid sequence of the

major PB-inducible form of rabbit liver cytochrome P-450 (isozyme

'2; LM2) (55). This sequence is more than 95 7o homologous with

that of pHP-1, but there are 17 amino acid substitutions between

them (see Table I). The sequences of the cDNA clones that
exhibit similar restriction maps to that of pHP-1, i.e. M046,
                                                  --r ,
                                                     :.B52, and B14, were also determined as shown in Fig. 13. None of

these sequences are identical with that of P-450 isozyme 2, but
                                               'they are highly homologous with one another. The sequence of

another clone (B54) is practically identical with that of M046

except for one substitution, the cysteinyl (IZGC) residue at

position 425 in B54 is replaced by a glycyl (IZGC) residue in

                             18



M046. We also conducted partial amino acid sequencing of
purified P--4501 (4) by Gas Phase Autosequenator an.d found that

its sequence is consistent with the partial amino acid sequence

                                                     :deduced for B14. These cytochrome P-450s, therefore, seem to

belong to a distint group, in which microheterogeneity exists, as

in the case of rat P-450b and P-450e. The amino acid
substitutions seen in this group are summarized in Table I. In

preliminary experiment, another cDNA clone (M03), which was
identical with B52, was isolated and found to h' ave at least 230

bp longer 5'-coding sequence. Its partial sequencing data was

also included in Table I. Fig. 14 shows the positions where

arnino acid substitutions are seen in this group and those between

rat P-450b and P-450e. As can be seen, the substitutions in the

rat P-450 proteins occur only in the COOH-terminal portion,

whereas those in the rabbit group are distributed rather randomly

over the entire sequence, although two or three small regions

seem to be highly variable.

   Fig. 15 shows the complete nucleotide sequence and the
deduced amino acid sequence of the cDNA insert of pHP-2. This

cDNA contains an open reading frame spanning 490 amino acid
residues, in which the "HRI" and "HR2" regions can be dete6ted.

The total length of the cDNA is 1,948 nucleotides including a 59
                   'bp 5Lnoncoding sequence and a 407 bp 3'-noncoding sequence. 'The

3'-noncoding region includes a polyadenylation sequence and two

possible poly(A) addition signals, 2,.g. AATAGA at nucleotides
                                             '1,857-1,862 and AATTAA at nucleotides 1,924-1,929. The
                   'occurrence of two or more poly(A) signals in cytochrome P-450

cDNAs has been reported by other investigators (23,28). As
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mentioned' above, the restriction map of this clone is identical

with that of pP-450PBc2 isolated by Leighton et al. (28). The

latter clone, however, lacks the 5'-noncoding region, the
sequence encoding the NH2-terminal 11 amino acid residues, and

the polyadenylation sequence. Both sequences are identical with
               '
each other except for two nucleotide substitutions, .IL..g. T to C

at nucleotide 1,469 leading to a substitution of leucine to
proline, and C to T at nucleotide 1,780 in the 3'-noncoding
                                                    'region. The molecular weight calculated for the deduced primary

structure is 55,800.

    The complete nucleotide sequence determined and the primary

structure deduced for the insert of pHP-3 are shown in Fig. 16.

This sequence also contains an open reading frame encoding 490
                                                     :.                                                         '
amino acid residues. The total length of the cDNA is 1,659
                                                        'nucleotides including a 24 bp 5'-noncoding sequence and a 162 bp

3'-noncoding sequence which lacks poly(A). A molecular weight of

55,700 was calculated for the deduced primary structure. The

homology in amino acid sequence between pHP-2 and pHP-3 is as

high as 80 9.. The deduced amino acid sequences of these two

clones exhibit 65 and 67 9o homology, respectively, with that of

form 3b, a constitutive cytochrome P-450 from rabbit liver
 '
microsomes, recently reported by Ozols et al. (56) as shown in

Fig. 17. The homology between form 3b and pHP-1, the major PB-

inducible form, is less than 50 7.. The sequences of form 3, pHP-

2 and pHP-3 all have the cysteine residue in the "HR2" region at
                                               'the position of 435, instead of 436 in pHP-1, and a deletion of

residue 22 of pHP-1.
                                                '   Fig. 18 shows the nucleotide sequence determined and the
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amino acid sequence deduced for the insert of M12. This cDNA is

1.8 kbp long and lacks a sequence encoding about 110 amino acid

residues at the NH2-terminus. The primary structure encoded by

this cDNA is highly homologous (90 7o) with that of a rabbit

hepatic progesterone 21-hydroxylase (a cytochrome P-450), which

has recently been clone by Tukey et al. (30) (see Fig. 17). The

result of Southern hybridization of cDNAs is consistent with that

the insert of M12 exhibits 77 7o homology with those of pHP-2 and

pHP-3. This indicates that progesterone 21-hydroxylase is also
                  'related to pHP-2 and pHP-3. However, the sequences of M12 and

21-hydroxylase have a three-residue deletion at the positioh of

286-288 as compared with those of pHP-2 and pHP-3. Like the
latter two cDNAs, those of M12 and 21-hydroxylase has a dele'tion

at residue 22 of pHP-1.

    Finally, the nucleotide sequence and the deduced primary

structure for the overlapping two clones, b43 and b43FPI are

shown in Fig. 19. In the overlapping region the nucleotide
sequences of the two clones are exactly identical. Therefore,

the fused sequence of the two clones will hereafter be termed the

b43(FPI) sequence. The b43(FPI) sequence is approximately 1.52

kbp long. From homology comparison with other cytochrome P-450

sequences, it seems that the b43(FPI) sequence lacks the NH2-

terminal three residues. As compared with the primary structure
L

of pHP-1, there are deletions at residues 22 and 105 and one more

COOH-terminal residue (serine) is added in the b43(FPI) s6quence.

Another feature of this sequence is that the cysteine residue in

the "HRI" region of many other cytochrome P-450s is replaced by

phenylalanine, although the cysteine in the "HR2" region is
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conserved. As in the case of P-450scc in bovine adrenal cortex

mitochondria (57), this fact provides a support to the notion
that'  the cysteine'in the "HR2" region interacts with the heme

(54). The homology in amino acid sequence between thesg clones

and others is less than 60 %. No hepatic cytochrome P-450s

'corresponding to this type of P-450 have so far been reported.

    Table II shows the amino acid compositions of three
cytochrome P-450s encoded by the three full-length cDNA clones

isolated in this study, pHP-1, pHP-2 and pHP-3, together with

those determined for P-450 LM2 (form 2) (55), forin 3b (56), and

progesterone 21-hydroxylase (30), all of which are cytochrome P-

450s from rabbit liver microsomes. It is evident that the amino

acid composition of the pHP-2 protein is closely similar to that

of the pHP-3 protein. The pHP-1 protein, on the other hand,

contains much less asparagine, cysteine and lysine residues than
the former two. However, the composition of the pHP-1 protein is

very similar to that of P-450 LM2. The compositions of form 3b

and 21-hydroxylase are not so similar to those of both the pHP-2

and pHP-3 group and the pHP-1 and P-450 LM2 group. All the
proteins listed in Table II consist of 490 or 491 amino acid

residues, except for the 21-hydroxylase protein which contains

only 487 amino acid residues. Fig. 20 shows hydropathy. profiles

of the pHP--1, pHP-2 and pHP-3 proteins together with that gf P-

450cam, which is a soluble protein purified from camphor-grown

Pseudomonas .p.!L!tl.ls!gd (58). The profiles for the three full-length

c' DNA clone are rather similar to one another in spite of the

relative!y poor homology in amino acid sequence between pHP-1 and

pHP-2 (pHP--3) (50 7. homology). The similarity of hydropathy
                    '
                                                       '
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profiles for the th,ree clones suggest that they belong to a

common gene family, which is probably different from those
   'comprising MC-inducible cytochrome P-450s and pregnenolone 16ct-

carbonitrile-inducible ones. The NH2-terminal hydrophobic region

(about 20 amino acid residues) in each of the three profiles is

thought to be required for the protein to be inserted into
microsomal membranes (59). This is supported by the fact that

the NH2--terminal regi,on of P--450cam, which is not a membrane

protein, lacks a hydrophobic stretch.

Northern Blot ZA!.!!.a.UsEi,.sl gf mRNA in Liver Microsomes

    Total RNA was isolated from livers of untreated and variously

drug-treated rabbits by the guanidine thiocyanatelCsCl method and

subjected to agarose gel electrophoresis in the presene of 2.2 M

formaldehyde. After blotting to nitrocellulose membranes, the
                   'RNAs were hybridized with the 2g!gl fragment of pHP-1 cDNA (Fig.

21A), the Hindlll-BamHI fragment of pPH-2 cDNA (Fig. 21B); and

the Pstl-EcoRI fragment of b43 cDNA (Fig. 21C), all of which had
                                                      '   ttbeen 32P-labeled by nick translation. The hybridization was
                  '                                              'visualized by autoradiography. As shown in Fig. 21A, the pHP-1

probe hybridized with a single RNA species of about 2,OOO

nucleotides long in all cases. The hybridization was most
extensive with RNA from PB--treated liver (lane 3) followed by

that from ISF-treatdd one (lane 6). The RNAs from livers from

untreated (lane 2), MC-treated (lane 4) and B-NF-treated rabbits

(lane 5) hybridized with this probe only weakly. When the

Hindlll-Ba!gHI fragment of pHP-2 cDNA was used as a probe (Fig.

21B), a RNA species of about 2,OOO nucleotides long hybridized
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strongly with the probe in the RNAs from PB- and ISF-treated

livers (lanes 3 and 6), although the intensity of hybridization

signals was less pronounced than in the case of pHP-1 probe. In

the case of pHP-2 probe, a RNA species larger than 2,OOO
nucleotides seemed to hybridize with the probe weakly in lanes 3

and 6. It was likely that such double hybridization resulted

from altered mRNA splicing. In fact, we isolated another cDNA

clone (b32-11) that is identical with pHP-2 but has a much longer

3'--noncoding region. In any case, it could be concluded that PB

and ISF induce the expression of the pHP-1 group of genes
strongly and that of the pHP-2 group of genes weakly. When the

Pstl-EcoRI fragment of b43 cDNA (600 bp long) was used as a probe

(Fig. 21C), however, hybridization signals were more pronounced

with RNAs from MC-, ISF- and B-NF-treated livers than those from

PB-treated and untreated livers. These results suggested that

the gene group comprising b43 is quite different in inducibility

from the above two groups and expressed more strongly under the

influence of MC, B-NF and ISF than that of PB.

Southern Blot ZA2!A.tzEELEnal sis of Genornic DNA

   To gain preliminary information concerning the diversity of

genes encoding PB-inducible forms of cytochrome P-450, rabbit

genomic DNA was investigated by Southern blot analysis. Rabbit

liver nuclear DNA was isolated, digested with a restriction

enzyme (EcoRI, BamHI, Hindlll, or Pstl), and subjected to agarose

gel electrophoresis. After blotting to nitrocellulose membranes,
                                                       'hybridization was carried out under a highly stringent cendition

with the 2gg!gl fragment of pHP-1 cDNA or the Hindlll-Bag!HI
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fragment of pHP-2 cDNA, both 32P-labeled by nick translation.

The results obtained with the pHP-1 and pHP-2 probes are shown in

Fig. 22A and B, respectively. As can be seen, a number of DNA

fragments produced by a restriction enzyme hybridized with the

probe and the fragments hybridized with one probe were clearly

different from those hybridized with the other probe. It is to

be noted that under the hybridization conditions used in this

experiment the Xmal fragment of pHP-1 could hybridize wit,h M046,

B14 and B52•cDNAs and the Hindlll-Bag!HI fragment of pHP-2 with

pHP-3 and M12 cDNAs (data not shown). Although these results

provideonlypreliminaryinformation,genesencodingthepHP-1
and pHP-2 proteins seem to be different from each other and each'

fQrms a multigene family as reported previously (19,26,30).
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                         DISCUSSION

    In constructing ds-cDNA from partially purified rnRNA we first

tested several methods: g) ds-cDNA synthesis utilizing,the
hairpin structure of the first strand and Sl nuclease digestion,

followed by G-C annealing with pBR322 (42); .h) G-C annealig of

mRNA-ss-DNA hybrids• with pBR322 (60); 2) the method of Land et

al. (61); and g) the method of Okayama and Berg (43). We could

isolate several cDNA clones by Method g, but they contained

rather short inserts (average size, about 1 kbp). Although
method .!l is very simple, it was disadvantageous because of rather

low efficiency of transformation (about s x 103 transformants per

ug of DNA). Both methods s and s! gave higher transformation

efficiencies than method .!! and yielded clones whose inserts were

longer than those obtainable by method g. Methods g and !!,

however, involve tedious procedures. Based on these preliminary

experiments, we finally adopted two methods, Method I and Method

II, which are described under "Materials and Methods". As

reported above, we could isolate many clones and characte,rize

among them three full-length cDNA clones together with five

clones containing shorter cDNA, all of which are complementary to

mRNAs encoding cytochrome P-450s present in liver microsomes of

PB-treated rabbits. Such many eytochrome P-450 cDNA clones have

not yet been isolated from one source.

   Of the three full-length cDNA clones, pHP-2 contains an
insert that is overlapping with that of pP-450PBc2 isolated by

Leighton et al. (28) from the same source. pP-450PBc2 is an

incomplete clone, which lacks a sequence coding for NH2-terminal
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11 amino acid residues. In any case, in the overlapping region

of both cDNAs there are only two nucleotide substitutions. As

briefly mentioned above, we isolated another clone, called b32-

11, which has also a full-length cDNA and a longer 3'-noncoding

region than pHP-2. The nucleotide sequence of the insert of b32-

11 is completely ide.ntical with that of pHP-2 in their
overlapping region. It is likely that the two nucleotide
substitutions between pHP-2 (and b32-11) and pP-450PBc2 are due

to a strain difference (Japanese domestic and New Zealand white

rabbits) or to misreading by reverse transcriptase. Since the

insert of pHP-2 contains a 5'-noncoding sequence and a poly(A)

sequence at the 3'-terminus, this can be regarded as an almost

complete cDNA. As mentioned above , the reason for the longer

3'•-noncoding region in b32-11 is to be explored. The deduced

primary structure of the polypeptide encoded by another full-

length clone, pHP-3, is about 80 7o homologous to that of pHP-2,

suggesting that they belong to the same group. However,'both the

pHP-2 and pHP-3 polypepetides are only 50 % homologous to P-

450LM2, which is the major PB-inducible cytochrome P-450 in

rabbit liver (55).

, Among the clones we isolated, pHP-1 (full-length), M046, B14
                                              'and B52 encodes polypeptides that exhibit as high as 97 %
homology with P-450LM2. It is, therefore, likely that one of

these four clones enc•odes a major PB-inducible cytochrome P-450

in rabbit liver. In fact, the partial amino acid sequence
deduced for the B14 polypeptide is consistent with that of

P-'4501, the major PB-inducible rabbit liver cytochrome P-450

purified in our laboratory (4). At any rate, it is certain that
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genes coding for the pHP-1, M046, B14 and B52 polypeptides belong

to the same multigene family. Southern blot analysis of rabbit

genomic DNA with a pHP-1 fragment as a probe actually suggests

that there are many genes that hybridize with the pHP-1 probe

under stringent conditions. Elucidation of the exact number of

genes belonging to this group, however, requires more
                    'quantitative assays such as Cot analysis. It is to be noted that

the restriction maps of most of the positive clones sQ far
ekamined are similar or identical with those of the four clones.

It has been reported that the rat PB-inducible cytochrome P--450

gene family contains more than six genes (20).

    Although the four clones are very similar to one another,

some of them can be distinguished on the basis of their
restriction maps. For example, the maps of M046 and pHP-1 are

similar but clearly different from each other. Thus, the former

lacks two Aval sites between the Accl and Sacl sites. M03, which

is identical with B52 but has a longer 5'-sequence (not mentioned

in the Results section), has' a Xmal site instead of the Aval site
                                                'of pHP-1 and M046, located between the Sacl and !B2g!,III sites (see

Fig. 9). As mentioned above, we could isolate a number of cDNA

clones belonging to this group. Among them so far examined,

those having M046-type restriction maps are rare, suggesting that

the M046 polypeptide is a minor form of cytochrome P-450 in PB-

treated rabbit liver. Partial sequence analysis of the "variable

region", which has been noticed in rat PB-inducible cytochrome P-

450 (19), of the positive clones belonging to this group showed

that rnost of them are identical with pHP-1 and B52. 0n the other

hand, partial amino acid sequencing of purified P-4501, which is

                                                         '
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thought to be the major PB-inducible form of cytochrome P-450 in

rabbit liver (4), indicated that the primary structure of P--4501
    'protein is encoded by B14 but not by pHP-1 and B52. It is not

clear why the most abundant species isolated is different
between cDNA and protein levels. Some explanations are, however,
.possible as follows; i) mRNA was isolated from liver 16 h after

  '
an injection of PB to a rabbit, while P-450 protein was purified
                                        ,                                                          'from liver microsomes after daily treatment of the animals with
                                                      'PB for 7-10 days. There is a possibility that each mRNA
belonging to this group shows differently time-dependent response

to PB treatment. ii) Assuming the secondary structure of P-4501

mRNA (B14), extension of cDNA to the nearly full-length is
difficult. The sequencing analysis in this work was carried out

for the clones having large inserts, so those having small

inserts were not detected even if they were present abundantly.

Recently Giachelli g.9 A.l,. has reported on synthetic
oligonucleotides probes which distinguish P-450b and P-450e mRNAs

in rat (62). Moreover Reik et al. has reported on monoclonal
'

antibodies which distinguish P-450b and P-450e (63). Using these

techniques may give a clue to elucidate such discrepancy
mentioned above.

    Microheterogeneity in the structure of PB-inducible forms of

liver microsomal cytochrome P-450 has been detected in the rat

(13,20). Thus, rat P-450b and P-450e show only 14 amino acid

substitutions, which are all located in the COOH-terminal portion

consisting of some 200 residues (20). It is clear that
microheterogeneity also exists in the four rabbit cytochrome P-
                                    '450s encoded by the four clones. However, in the case of rabbit

                   '                                                         '
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amino.acid substitutions are rather randomly distributed over the

 entire primary structure, though there is a tendency that they

are concentrated in the COOH-terminal half (see Fig. 13). It has

 been shown in the rat that substitutions occur most frequently in

exon 7 (20). An explanation for this fact is to assume that
                     'extensive gene conversion has occurred within this gene family in
  'the region including exon 7 (64). However, this gene conversion

mechanism cannot account for the randomly distributed
substitutions in the rabbit. Isolation and structural analysis

of genomic clones corresponding to these four cDNA clones are

needed to elucidate the evolution of cytochrome P-450 genes in

the rabbit.

    A homology comparison in the primary structures of the eight

cDNA clones investigated here and those sequenced in other

laboratories indicates that there are at least five groups of

cytochrome P-450 in the liver of PB-treated rabbits as shown in

Fig. 23. 0ne group contains pHP-1, M046, B52, B14, and P-45QLM2,

which show 97 7o homology, as mentioned above. pHP-2, pHP--3, and

pP--450PBcl are 80-84 Yo hoinologous with one another and thus •.form

another group. A third group includes M12 and hepatic 21-
hydroxylase (30), which are 91 Yo homologous with each other. P-

450LM3b (55) and pP-450PBc3 belong to a fourth group, and b43 is

only about 50 7o homologous with any of the other groups. It is

likely, though not yet proven, that the last four groups, like
'

                                 'the first group, exhibit various degrees of migrohetrogeneity.

It should be mentioned that P-450LM3b (pP-450PBc3) is a
constitutive form of cytochrome P-450 (28,55). Northern
hybridization analysis indicates that the cytochrome encoded by

..

                                                         '             '                                   '
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b43 is not inducible by PB but by MC, B-NF and ISF. A likely

possibility is that we happened to isolate this clone from t,he

cDNA library containing a very small amount of b43 cDNA. As

mentioned above, members of the pHP-1-containing group are
approximately 80 9o homologous with rat P-450b, whereas homology

of members of the other groups with rat P-450b is at rnost 50 7o.

Therefore, it is expected that the rat P-450b cDNA probe used in

this study for screening could not detect clones other than those

belonging to the first group if hybridization conditions were

very stringent.
                                   '
   Fig. 24 shows the amino acid residues that are conserved in

all the rabbit cytochrome P-450s,so far mentioned in this paper.

It is evident that a 20-residue stretch containing,Cys-436,

termed "HR2" region (54), is 75 7. conserved (15/20 resid"es).

The conservation of this region is surely related to the role of
                                             'Cys-436 as the heme--binding site (54). On the other hand,
homology of the "HRI" region (residues 142 through 158) (54) is

only 47 9o. Another highly conserved region, which containing

"analogous peptides" reported by Ozols et al. (65), is a stretch
                                            '                                               'extending from residues 341 to 358; this region is 70 7o
conserved. Two more notable conserved regions are a proline
                                              ttcluster (residues 30 through 38), LPPGP-P-P, and a threonine-

serine cluster (residues 298 through 307), AGT-TTS-TL. In
addition, there are several regions where four or five continuous

amino acid residues are conserved. It is certain that these
    '                                                     'conserved regions are related to functions common forsall the

cytochrome P-450s examined, such as the binding to the herpe as

mentioned above and the interaction with NADPH-cytochrome P-450
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reductase or cytochrome bs. On the other hand, regions that are

not conserved are thought to be responsible for functions
specific for the individual cyatochrome p--450s, such as substrate

binding. A structural comparison of P-450scc and sterol binding

protein (66) and crystallographic analysis of P--450cam (67)

suggest that the region around residue 200 is a substrate binding

site. This region is not conserved in the cytochrome Pr450s
     '                                                      .examined in Fig. 24. Further studies are still needed to
elucidate the relation between the conserved and variable regions

on one hand and the functions of cytochrome P-450s on the other.
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PB-treated rabbit 1iver
       J Ms preparation (Heparin, vanadyl--nucleoside

       J sDs-phenol-ehloroform extraction

       J 2 M Licl ppt.

       1 oligo(dT)-cellulose (two cycle)

       J sucrose density gradient

"18 - 21 S" mRNA

eomp1ex)

Fig. 1. The scheme of mRNA preparation for cDNA synthesis. See
"Materials and Methods" for details. P-450 mRNA activity of each
fraction of sucrose density gradient was assayed by the two
methods. 1) in vitro translation in wheat-germ extracts followed
by immunoprecipitation with anti-P-450 antibodies. 2) Northern
blot analysis using rat P-450b cDNA as a probe.
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[Method I]

      18-21S mRNA
          I "small primer" as a primer

      wwAACTACATTT[= :
    ' Ilst strand synthesis by RTase

     wwAA\TAgTATT[[ ]
          I dC-tailing by TdTase

cccccwwAATATATATATTOccccc
          t annealed with Pstl-cut, oligo(dG)-tailed

          I"repair system" (RNase H, DNA pol I, DNA

          I transform E.' coli DHI

     about 2,500 colonies
          t

      "pHP--2"

[Method II]
          I "oligo(dT)12-ls" as a priMer

          L ist strand synthesis

          L "repair system"

          L gel filtration on CL--sepharose 4B

          t dC•-tailing, annealing, transformation

   about 30,OOO colonies
          t

   "pHP-1, pHP-3, M046, b43FPI and M12"

pBR322

1igase)

Fig. 2.
      .a repalr

The scheme of
system. See

 the two methods for cDNA sysnthesis
"Materials and Methods" for details.
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HindlII(O. 86)
PstI

psv 7186 HpaI

L
t

L

   KpnI
PvulI(O.71)

 Kpnl cut

dT- tai1ing

HpaI cut

rTrTTS
+

(b1unt)

TTTT'rT

/

"vector primer" "small primer"

of Okayama & Berg (230 b.p.)

Fi'g. 3. Preparation of "small primer
tbp) prepared from plasmid pSV 7186 as
primer preparation of Okayama and
digested with -K I, d(T)-tailed with
transferase, and digested with !Hu2.aal.

". This "small primer" (230
 a by-product of the.vector
 Berg (42). pSV 7186 was
terminal deoxynucleotidyl
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Fig. 4. Western blot hybridization analysis with anti-P-4502
antibodies. Microsomes (lane 1-5) and purified cytochrome P-450s
(lane 6-8) were subjected to SDS-polyacrylamide gel
electrophoresis (10 % gel) and then transferred to nitrocellulose
membrane. The blotted membrane was incubated with anti-P-4502
antibodies in 10 mM KPi(pH 7.5)-140 mM NaCl-10 mglml BSA-O.1 %
Triton X-100 and detected by means of 14C-labeled protein A as
described (34). Lanes: 1 to 5, microsomes from untreated, PB-,
MC-, B-NF- and ISF-treated rabbit liver, respectively; 6 to 8,
                               ce                                , respectively. Numbers on thepurified P-4501, P-4502 and P-450
left-hand side of lane 1 indicate the Mr x 10-3 of marker
proteins (bovine serum albumin, 68K; bovine liver catalase, i58K;
goat immunoglobulin G heavy chain, 55K; pig heart fumarase, 49K;
ovalbumin, 45K). Arrow head on the right-hand side of lane 8
indicates the location of P-450" when stained by Coomassie--blue.
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Fig. 5. Northern blot analysis with cDNA fragments containing
"HR2" region of rat P--450 (A) and rabbit P-450 (B) as probes.
Total RNA and poly(A)+ RNA were prepared as described in
'tMaterials and Methods". Lanes: 1 to 6, total RNA from untreated,
PB-, MC-, B-NF-, ISF-treated rabbit liver and PB-treated rat
liver, respectively; 7 and 8, poly(A)+ RNA from untreated and PB-
treated rabbit liver, respectively. RNA was denatured,
electrophoresed on 1 7e agarose gel containing 2.2 M formaldehyde,
and transferred to nitrocellulose membrane as described in
"Materials and Methods" for details. The blotted RNA was
hybridized with nick-translated 32P-probe; (A) .!B2.g.ÅíIII fragment
(390 bp) of rat pcP-450pb4, (B) Pstl fragment (650 bp) of rabbit
pHP-1. Calf liver 18 and 28 S ribosomal RNAs were used as size
markers.
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Fig. 6. Sucrose density gradient centrifugation of a poly(A)+
RNA prepared from the livers of PB-treated rabbits. Poly(A)+ RNA
was fractionated by centrifugation through a 5 to 25 7o sucrose
gradient containing 10 inM Tris-HCI (pH 7.4), 10 mM EDTA and O.2 %
SDS. After precipitation of RNA in each fraction (O.4 ml) with
ethanol, an aliquot (1120) of each fraction was assayed for mRNA
activity in the in vitro translation system and                    -- --- ceimmunoprecipitation with anti-P-4502 and anti-P-450 antibodies
as described in "Meterials and Methods". Curve in inset indicates
optical density at 260 nm; 18 and 28 S rRNAs were used as size
markers. The in vitro translation followed by immunoprecipitation
of size-fractionated mRNA by sucrose density gradierrt. Lane
numbers indicate the fractions assayed by the .2,A iL.2,S!g
translation and immunoprecipitation.
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Fig. 7. Synthesis of double-stranded cDNA. (A) cDNA was
synthesized by the Method II. First strand cDNA synthesized by
reverse transcriptase (lane 2) and ds•-cDNA after repairing (lane
3) were analyzed on 1 Z alkaline agarose gel electrophoresis. (B)
Repaired cDNA was fractionated on Sepharose CL-4B, and an aliquot
of each fraction was analyzed on alkali agarose gel (lane 2-7).
ADNA-Hindlll fragments were used as size markers (lane 1). i
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Fig.8. Part of the results of in situ colony hybridization.
Screening by in site colony hybridization was carried out as
described in "Materials and Methods" using mixture of 32P-labeled
!B2s.!,III fragment of pcP-450pb4 and Hindlll-BamHI fragment of pHP-2
(rabbit cDNA clone) as probes under a condition of low
stringency. Arrows indicate examples of strongly positive clones
containing large insert; clone M046 (A), clone pHP-1 (B).
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pcP-4SOpb4

, HR2 e

pHP-1

M046

BS2

B14

Av Bm Av

SacBg Ac

Bg Kp Hd Bg Av

      Ps Xm
Ps Xm Ps Bm Bm AvPs Av Av Sac Av Av Pv

pHP-2

pHP-3
}ld Ps Ec Av Hc Bm

M12

Bm Ps Ec Av Ec Hc Bm

b43

b4]-FPI

SacEc Av Hd Av

  Pv Ec Ps

Ps

,-- :-,-,:---
Bm Sac Ps Xm Av Av Hc

Pv

o 500 bp

Fig. 9. Restriction endonuclease maps of the various cytochro,me
P-450 cDNA inserts. Plasmids DNA were digested with a variety of
restrictionendonucleasesundertheconditionsasdescribedby
Maniatis et al. (42), and the resulting DNA fragments were
analyzed by 1-1.4 % agarose gel electrophoresis. Restriction
enzymes not given in maps are the same as those of the above
clones. At the top, the rat P-450 cDNA clone, pcP-450pb4, is
indicated. 2B2-g.,!,III fragment used for colony hybridization is
represented by the bold line. HR2, the heme binding region, is
also represented by the box. The positions of both initiation
and stop codons are indicated by arrows. Ac, Accl; Av, Aval; Bg,
!Bi!-g.!,III; Bm, Ba!!!HI; Ec, EcoRI; Hc, Hincll; Hd, Hindlll; Kp, !KJ2.ul;

Ps, Pstl; Pv, Pvul!; Sac, Sacl; Xrn, Xmal. '

45



A
 1 2345678

-•

B
 12345678

e
e
b"
o

ee

c
 87 654 321

{,

Fig. 10. Southern blot analysis of various cDNA clones. Plasmid
DNAs (about 1 g) of pcP-450pb4 (lane 2), pHP--1 (lane 3), M046
(lane 4), pHP-2 (lane 5), pHP-3 (lane 6), b43 (lane 7) and M12
(.lane 8) were digested with Pstl, subjected to 1 % agarose gel
electrophoresis and then stained with ethidium bromide (C).' The
DNA fragments were transferr'ed to nitrocellulose filter, and then
hybridized with 32p-labeled xmal fragment of pHp-1 (A) and 32p-
labeled 2E.91-•Jll.ggRI fragments of M12 (B) under the highly
stringent conditions. XDNA-Hind:II fragments and ÅëX174DNA-Haelll
fragments were used as size markers (lane 1).
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pHP-1
Ps Xm Ps Bm Ms SacBg Ac Xh Sac Ps Xm Pv
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pHP-2
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 Hd Ps Ec Av Xh Hc Xh Bm

Bm Ps Avll Ec Av Sau Xh Ec Hc Bm
pHP-3
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Fig. 11. Sequencing strategy for rabbit cytochrome P-450 cDNA.
Restriction enzyme fragments of the insert cDNAs, produced by the
indicated restriction enzymes, were subcloned in vectors M13 mplO
and M13 mpll and sequenced by the dideoxy nucleotide method using
[ct-35S]dATPctS as a radioactive label (solid line). Arrows
indicate the direction and extents of sequencing. Fragments
sequenced by the method of Maxam and Gilbert are indicated by
dashed lines. Avll, Avall; Ms, !M!!.sRI; Sau, Sau3A; Xh, Xholl.
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                                                AGGAGGCTGCAGCAGGTGGACAGCGACGGCCGGGACC

ATG GAG TTC AGC CTG CTC CrC erC erG GCT TTC CTC GCA GGC CTC CTG erG CTT CTG CTC AGG GGC CAC CCC AAG

 MEFSLLLLLAFLAGLLLLLLRGHPK
GCC CAC GGC CGC crT CCC CCG GGA CCC CCC Cer ctG CCC GTC CTG GGG AAC CTT erA CAG ATG GAC AGG AAG .GGC AHGRLPPGPPPLPVLGNLLQMDRKG                             6e 7ocrC crC CAC TCC TTC crG CAG crC CGA GAG AAA TAC GGG GAC GTG TTC ACG GTG TAC CTG GGA TCC AGA CCC GTG
 L L H S F L Q L R E K V G D V F r V Y L G S R P V
             80 90 •tOO6TC GTG crG TGT GGG ACG GAT GCC ATC CGC GAG GCC CTC GTG GAC CAA GCT GAG GCC TTT TCT GGC AGG GGG AAG VVLCGTDA1REALVDQAEA .F SGRGK                            rlo 12oATC GCT GTA TTG GAT CCA ATC TTC CAG GGA TAC GGA GTG ACC TTT GCC AAr GGG GAG CGC TGG CGG GCC crT CGG 1AVLDP!FqGYGVTFANGE,R WRALR             130 140 150AGA TTC TCC CTG GCC ACC ATG CGG GAC TTC GGC ATG GGG AAG CGG A6C GTG GAG GAG CGC ATT CAG GAG GAG GCC RFSLATMRDFGMGKRSVEERIQEEA                            160 t70CGG TGT crG GT6 GAG GAG crG CGG AAA TCC AAG GGA GCC crC crG GAC AAC ACC TT6 CTG TTC CAC TCG GTC ACC RCLVEELRKSKGALLDNTLLFHSVT             180 190 200TCC AAC ATC ATC TGC TCC ATT GTC TTT GGA AAA CGC TTC GAC TAC AAG GAC CCC GTG TTC CTG CGC CTG CTG GAC
 S N l l C S 1 V F G K R F D V K D P V F L R L L D
                            210 220cr6 TTC TTC CAG TCC TTC TCC crC ACC AGC TCC TTC TCC AGC CAG GTG TTT GAG CTC TTC TCG GGC TTC crA AAG LFFQSFSLTSSFSSQVFELFSGFLK             230 240 250CftC TPT CSC GgC AgG CfiC ARG CaG ATC TCC AfiG AftC cr,G CaG G2G AIC AftC A9 TT,C ATC G8C C8G A,GC G5A GeG

                            260 270AGG CAC CGC 'GAA ACC CTG GAC Ccr AGC AAC CCC AGG GAC TTC ATT GAC GTC TAC CTG CTC CGC ATG GAA AAA GAT RHRETLDPSNPRDFIDVYLLRMEKD            280 290 300AAG TCC GAC CCG AGC AGC GAG TTC CAC CAC CAG AAC CTC ATC CTC ACC GTG CTC ACG crC TTC TTC GCC GGC ACC KSDPSSEFHHQNLILTVLTLFFAGT                            31e 320GAG ACC ACC AGC ACC ACC CTC CGC TAC GGC TTC crG CTC crG CTC AAG TAC CCA CAC GTC ACA GAG AGA GTC CAG ETTSTTLRYGFLLLLKYPHVTER V.Q                                                                      :.            330 340 350AAG GAG ATC GAG CAG GTG ATC GGC TCC CAC CGC CCT CCG GCC CTC GAT GAC CGA GCC AAA ATG CCC TAC ACG GAT
 K E 1 E Q V 1 G S H R P P A L D D R A K M P Y r D
                            360 370GCG erC ATC CAC GAG ArC CAG CGG crC GGG GAC crC ATC CCC TTA GGG GTG CCC CAC ATG GTC ACC AAA GAC ACA
 A V I H E I Q R L G D L I P L G V P H M V T K D T
            3eo 3ge 4ooCAG TTC CGA GGC TAC GI'C ATC CCC AAG AAC ACG GAA GTG TTC CCC GTC crG AGG TCG 6CT crC CAC GAC CCG CGC QFRGYV1PKNrEVFPVLSSALHDPR                            410 420TAC TTT GAA ACG CCG AAC ACC TTC AAC CCC GGC CAC TTT crG GAT GCC GAC GGG GCC CTG AAG AGG ATT GAA GGC
 Y F E T P N T F N P G H F L D A D G A L K R I E G
                                                                           450

                            460 470ACC ACC ATC crG CAG AAC TTC TCC •ATC GCC AGC CCC GTG CCT CCC GAG GAC ATC GAC CTC ACr CCC CGG GAG AGT
 T T 1 L q N F S l A S P V P P E D I D L T P R E S
            4e" 49eGGC GTG GGC AAC GTG CCC CCG AGC TAC CAG ATC CGC TTC erG GCC CGC TGA AGGGGCCACAGTGACCCCCCCAGCCCCTGTC
 G V G N V P P S Y Q I R F L A R
GTTAGGTGTCCCCGCCTCTGTAGAGAATGGTCCCAGACTCCTCCCGCATCTTCCTGCCTCTCAGACCTGGGGCCAGCCGGGACCCTCCCCTTGGTCTCC

ACGQCorGGGGAGTCCTCTTT6TGGTCCCACCTCCTTCCAcrGGGCTGCGGCTTTTCCAAAGACTCAGGGAACIrerTCTCTTCCTCTCCTCCCTGCGTG

CGGCACCGGCCCCAGCTGCTAGGGCAAGGATTATACCCAGTTTGCAGTTGAGGGACAGAGG

430 440
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Fig. 12.
of pHP-1.
methionine
HRI, upper
the fifth

The nucleotide
  Deduced ami
. Two highly
; HR2, lower.
 Iigand of the

sequence and deduced amino acid sequence
no acid is numbered from initiator
 conserved sequences (54) are underlined:
The boxed Cys residue is considered as
heme iron.
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IXrBAaTTCAOCCTacrCCTCcrccTaacTTTccrcacAaaccTccrecTacTTcraetcAoaaaccAcccCAAaacccAcaaccoccTTcccccoaeAc

                                    tSO 200cccccccTcTacccaTccTooaaAAccTrcTAcAaATeaAcAaQAAeaGccTccTccAcTccTrccTacAacTccaAaAaAAATAca6aaAcaraTTcAc
                                       Ha e

                                    tso sooaaTaTAccTaeaATccAaAcccaTooTcaTacTerarooaAeeaATaccATccGcaAaecccTcaTaaAccAAacTaAaaccTTTTcTaacAoaoa6AAa
                                                          a

                                    sso 4eo

AaaAaocracAacAaaTaoAcAoccoAcaaccaaaAcc

                           too

ATcacTaTATToclArccAArerTccAaooAtAceaAaTaAccrTToccAAteeGaAacacTaacaaacccTTcaaAaAtTercccraeccAccAracaaa    caA e Tc
                                    4SO SOOAcTrccrocAToaooAAocooAoeatoaAooAocacATtcAooAaeAoocccooTetctoeTooAooAacrccaaAAATccAAeaaAocccrccTeeAcAA

                                    sso soecAcctrecTetTccAercaercAccTccAAcATcATeTecTccATratcrTTaaAAAAcocTTceAcTAcAAaoAccccaTaTTccracGccTecTaaAc
                                                                    Aa                             {"os)H t Aa
                                    eso loocrarTcTTccAarccTTcTcccrcAccAacrccTTcTccAaccAaetarTTaAocTcrTcTcaaacTTcctAAAacAcTTTcccaacAcacAcAaecAaA                   Te                   tCC A
                                    Tso eooTcTAcAooAAccracAaaAeAtcAAcAcfTTcATcooocAaAacaTAaAaAGacAccacaAAAcccTaaAcccrA6cAAccccAoaaAcTTcATtaAc6r
                                       ACC C                                CAC C TC
                                    eso goocTAccracTccecATooAAAAAeATAAarccaAcecoAGcA6ceAaTTccAccAccAaAAccrcATceTcAccaTacTcAcacTcTTcTTcaccaecAcc

tso

e
          Tt estH

aAeAccAccAecAccAccerococtAcaocTrccTacTccTecTcAAaTAcccAcAcaTcAcAaAaAaAaTccAeAAooAaATcoAacAGaTaATcaacr

                              A

                                   toeo
cccAceecccTccaaccerceATeAccaAaccAAAATecccTAcAcoeATecaaTcATccAcaAaATccAacaacTcaaaaAccTcArccccTTAa6aaT

                                     cac                                     c Tec                                     cc
                                   nse
ececcAcAraercAccAAAaAcAcAcAarTccaAaGctAcaTcATccccAsaAAcAcaeAAaTeTTccccorccToAacTcaacTcrccAcaAcccacac

                  aT T
                                   ttso
TAcTTTaAAAcocceAAcAccTTcAAooccooccAcTrTcTooATacc6AcaaaacccTaAAaAeaATTaAAaocTTTArGcccTrcrcccTaaoaAAac
                                     A Ar                                           AAT               T AAA                                   13SO
ecAT"GrcTeoacaAAaacATooooeaaAeceAecrattccrcTTcTTcAecAccArccTacAaAAcrrcTccATcaccAGcecceTaccTcecaAaaA

                                   S4SOcATcoAccrcAcrccccaaaAoAaTaacataaacAAcaTacccccoAacTAccAaATccacTTccTaacccecfiaS)LaeaaccAcAateAcccccccAac

                            c aA                                                                   aA
                                                                   e
                                   lsse

tooo

tteo

 tc

12eo

1300

llOO

tsoo

ccHleoo
                    cccTaTceTtAaaTaTccecaccTcTaTAaAoAATooTcceAaAcrcctcccccArctTccTaccTcTcAoAccToaaeccAeccaaaAcccTccccrra                       aa                    H

                                                        tese t7oe                     eTcTecAceacatodaaAaTccTcTTtaToaTcecAccTccttccAcTaaocTacoocTTTrccAAAaAcTcAaaaAAcTcnTcTcTTccTcTccTcccT

                     CT
                                                        t7so
                    ecaTaceacAcceaccceAactecTAGaocAAaaATtATAcccAaTTTacAaTTaAeaaAcAaAaa cc)n
                                  -

                        Comparison of the nucleotide sequences of the threeFig. 13.
                      with that of pHP-1. The initiation and termin,ationcDNA clones
                                                                                                                 3'                                                                     numbered in the 5' to                                      Nucleotides are                      boxed.codons are
                                                                                                               the                                                                    the first nucleotide ofdirection. Position 1 corresponds to
initiation codon in pHP-1. The nucleotide substitutions ih the
                                        B52 (M03) and B14) are shown below thethree clones (M046,
corresponding nucleotides of the sequence of pHP-1. Arrows
indicate the ends of the sequences determined so far. '
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                                             AGGAGTGTTATAAAAGCCTGAGCTTGCAGcrTCCAGTTGTCAGGAAGAGAAGGCTCCC

        ATG GAT CTG GTG GTA GTG crG GG( CTC TGT CTC TCC TGI' TTG CTT crC CTT TCA CTC TGG AAA CAG AGC CAT GGG         "DLVVVLGLCLSCLLLLSLWKqSHG                        30 40 50        GGA GGG AAG crT CCr CCT GGC CCC ACT Ccr rTT CCA ATr CTT GGA AAC erC CTG CAG TTA GAT rTT AAG GAC TTA

         G6KLPPGPTPFPILGNVLQLDFKDL                                         60 70        AGC AAA TCT TTA ACC AAT CTG TCA AAA GTC TAT GGG CCC 6TG TTC ACT GTG TAr CTG GGC ATG AAG CCC ACT GTG

         SKSLTNLSKVYGPVFTVYLGMKPTV                        eo go leo        GTG GTG CAT GGG TAT GAA GCA GTG AAG GAG GCC CTA GTC GAT CTr GGA CAC CAG CTT TCr GGA AGA AGC CCrr'TTC'
         V V H G Y E A V K E A L V D L G H E L S G R S R F
                                        ne s2o ,        crA erG ACT GCA AAA erT AAr AAA GGA TTr GGA erC ATT TTC AGC AAT GGA AAG AGA TGG ACG GAG ACC CGG CGC

         LVTAKLNKGFGVtFS N• GKRVTETRR                       130 ' 140 •150        TTC TCA crC ATG ACC crG CGG AAT TTC GGA ATG GGG AAG AGG AGC ATT GAG GAA CGA GTT CAA GAA GAA GCC CAC

         FSLMTLRNFGMGKRSlEERVQEEAH                                        160 170        Toc CTG (scG GAG GAG CrG AGA AAA ACC AAT GCC rCA CCC TGT GAr CCC ACC TrT ATC(TG Ger GCr GCr CCC Toc

         CLVEELRKTNASPCDPTF!LGAAPC                       180 t90 200        AAT GTG ATC TGC TCC GTG ATT TTC CAG AAC CGT TTT GAT TAC ACG GAC CAG GAT TTT erT AGT TTG ATG GGA AAG
         N V I C S V t F Q N R F D Y r D q D F L S L M G K
                                        210 220        TTC AAr GAA AAC TTC AAG ATT crG AAT TCC CCC TGG GTA CAG TTC TGC AAT rGT TTT CCT ATT crC TTC GAT TAT
         F N E N F K I L N S P W V N F C N C F P I L F D Y
                       230 240 250        TTC Ccr GGG AGT CAT AGG AAA GCA GTT AAA AAr ATT TTT TAr GTG AAG AAT TAT ATT ACA GAG CAA ATA AAG GAA
         F P G S H R K A V K N : F Y V K N Y I T E q l K E
                                        260 270        CAC CAA AAA TCC erG GAC ATT AAC AAT CCT CGG GAC TTC ATT GAT TGT TTC crG ATC AAA ATG GAA CAG GAA AAG
         H Q K S L D I N N P R D F I D C F L I K M E q E K
        TGr AAT CAA CAG ;g; GAA TTT ACT ATT GAA AAC TTA CTG ACC XgOA GTG Aer GAr GTG TTr ATG GCT GGA ACA gRg

         CNqQSEFT •l ENLLTTVSDVFMAGTE
                                        310 320        A\A A\A AgC A,CC A;C CT,G AfiG TCT GgA CIT cr,A cr,C cr,G AaG AftG CftC CfiA GAA G5C AiA GXT AftA GT,G CaG GeG

                       330 34e 350        GAG ATC GAG CGT GTG ATT GGC CGA CAC CGG AGC CCC TGC ATG CAG GAC AGG AGC CGC ATG CCC TAC ACG GAT GCC
         E I E R V I G R H R S P C M q D R S R M P Y T D A
                                        360 370        ACG GTG CAC GAG ATC CAG AGA TAC ATT AAC crC ATC CCC AAC AAr GTG CCC CAT ACA ACA ATC TGT AAC CTT AAG
         T V H E I Q R V I N L I P N N V P H T T I C N L K
        TTc AGA AAc TAT &tg ATc ccc AAG GGc AcA GAT GTA cTA AcA T3c9R crG Tcr Tcr GTA crG cAT GAc GAc AAk 8Xg

         FRNYLIPKGTDVLTSLSSVLHDDKE                                        4tO 420        TTC CCC AAC CCA GAC AGG TTT GAC Cer GGC CAC TTC TTG GAT GCC AGC GGC AAC TTT AGG AAA AGT GAC TAC, TTC         FPNPDRFDPGHFLDASGNFRKSDYF                       430 440 450        ATG Ccr TTC TCA ACA GGA AAA CGA GTG rGr GTG GGA 6AG GCC crG GCC CGC ATG GAG erG TTr CTG TTC CTG ACT         MPF G GE RM LF FLT        GCC ATr TTA CA6 AAC TTr ACC CCG AAA e&t crG orC AAC CCA AAC AAT erT GAT anA XX\ CCtA TTC TCC Aer GGA

         AlLQNFTPKPLVNPNNVDENPFSSG                      480 490        ATT (rrC CGT GTG CCA CCC TTG rAC CGG GTC AGC TTC ATT CCT GTC TGA GGAAGGTCAGGTCACGGGATGCCATGcrTACATCT
         I V R V P P L V R V S F 1 P V
        GCAATTCCCCTTCcrCCAGGACAcrCGCCAAcrGrrTCCCCCTGTCATG(GGGCCTGcrptGACCTGGCCTCTGACATTTCcrCATTGCGCAAGATCCA

        TTerCCATTCGGTGGGAGTCACCTGGGTCCCTTCACAAATGTATGTTTGCTATCACCACACTTAATACTCTTGGCcrGACCACCACArGGGCTTArAcr
        TGTATAATAcrATGTIArATGCrrGTcAcrGTAAATTTGGGcAAGATGATTGAcATTGGAcAGTTTGGATccGTATGTccrcTGcAT(sCTcrAIEEiiill]A
        GCATTATTAATTocTGAAATCAGTTcTcAAerTTTcrTcrTTerAcATAATrrGAGTAAA[IEi!I!ilAGGAAACAGATTcccAAG(A}n

Fig. 15. The nucleotide sequence and deduced amino acid sequence
of pHP-2. The underlined sequences and the boxed Cys residue are
the same as in Fig. 12. Two boxed sequences in the 3'-noncoding
region are the potential polyadenylation signal sequences. The
vertical arrows indicate the start and end of the cDNA clone PBc2
reported by Leighton g.9 gEL. (28). Asterisks indicate the
nucleotide substitutions in PBc2.
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                                                                  CG)n`TCTCAGGAAGAAGAGAAGGCTCCG

 ATG GAT CCC GTG GTG GTG CTG GTG CTC TGT CTC TCC TGT TTG CTT CTC CTT TCA CTC TGG AAA CAG AGC CAT 'GGG MDPVVVLVLCLSCLLLLSLWKQSHG                 30 40 50GGA GGG AAG crC CCT Ccr GGA CCC ACT CCT TTG CCA ATT CTC GGA AAT ATC crG CAG ATA GAT TTT AAA GAC ATC
 6 G K L P P G P T P L P : L G N I L Q I D F K D I
                                   60 70AGC AAA TCC TTA CAG AAT crG TCA AAA GTC TAT GGC AAT GTG TTC ACT GTA TAT ATG GGC ATG AAG CCC ACT GTG SKSLQNLSKVYGNVFTVYMGMKPTV                 80 90 '100GTG ATG TAT GGA TAT GAA GCA GTG AAG GAA GCC TTG GTT GAT CTG GGA GAG GAG TTT TCT GGA AGA AAC CTT TCA VMVGYEAVKEALVDLGEEFSGRNLS                                  110 120CCA ATA AAT AAA AAA GTT AAr AAA GGA CTT GGA GTC ATT TTC AGC AAT GGA AAG AGA TGG AAG GAG ATC CGG CGC P1NKKVNKGLG -V 1FSNGKRVKE1RR                130 140 150TTC TCG crC. ATG ACC CTG AGG AAT TTC GGA ATG 6GG AAG AGG AGC ATT GAG GAC CGT GTT CAA GAG GAG GCC CGCFSLMTLRNFGMGKRSJEDRV EEAR                                  160 170TGC CTG GTG GAGtGAG CTG AGA AAA ACC AAT GGC TCA CCC TGC GAT CCC ACC TTT ATC CTG GGT Gcr GCT CCC TGC
 C L V,E E L R K T N G S P C D P T F : L G A A P C
               180 190 200AAC GTG ATC'TGC TCT GTG ATT TTC CAG AAC CGT TTT GAT TAT AAA GAT GAG ACT TTT crT AAC TTG ATG GGA AAA NV1CSV1FQNRFDY K,DETFLNLMGK                                  210 220TTC AAT GAA AAC TTC AGG ATT TTG AAT TCC CCG TGG CTA CAG GTC TGC AAT ATT TTT CCA ATT crT ATG GAT TAT

 FNENFR1LN .S PWLQVCN1FP1LMDYcTc ccA GGG AcT ZA3cO AAA AcA GTA TTT GAA AAT TTT GAT TAT ZIX AGA AAT TTT GTT TTG GAG AAA ACA AAA gXX

 LPGTHKTVFENFD Y, VRNFVLEKTKE                                  26e 270CAT CAA GAA TCT CTG GAC ATT AAC AAC CCT CGA GAC TTT ATT GAT TGT TTC CTG ATC AAA ATG AAA CAG GAA AAG
 H Q E S L D 1 N N P R D F 1 D•C F L 1 K M K Q E K
               280 290 300CAC AAC CAA CAG TCT GAA TTT ACC ATT GAA AAC crG ATG GCC ACA GTG ACT GAT GTG TTT GCT GCT GGA ACA GAG HNQQSEFTIENLMATVTDVFAAGTEAcc AcA AGc Acc Acc crG AGG TAT GGA gl2 erG crc cTG ATG AAG cAc ccA GAG GTc XZX GcT AAA GTG cAG' GAG

 TTSTTLRVGLLLLMKHPEVTAKVQE               33e 340 '350GAG ATC GAG CGT GTG ATT GGC AGA CAC CGA AGC CCC TGC ATG CAG GAC AGG AGC CGC ATG CCC TAC ACG GAT GCC
 E 1 E R V 1 G R H R S P C M Q D R S R M P Y T D A
                                  36e 370ACG GTG CAC GAG ATC CAG AGA TAC ATT AAC CTC GTC CCC AAC AAC GT6 CCC CAT GCA ACA ACC TGT AAC GTT AAA
 T V H E I Q R Y I N L V P N N V P H A T T C N V K               380 '39e 400TTC AGA AAC TAC TTC ATC CCC AAG GGC ACG GCC GTG CTA ACA TCA CTG ACT TCr GTG CTA CAT GAT AAC CAA GAA FRNYFIPKGTAVLTSLTSVLHDNQE                                  410 420TTC crG AAG CCA GAC AAG TrT GAC CCT GGC CAC TTC crG GAT GCC AGC GGC AAC TTT AAG AAA AGT GAC TAC TTC

 FLKPDKFDPGH F• LDASGNFKKSDYF
                                                                                          450

                                  460 470GCC ATT TTG CAG AAC TTT ACC erG AAG CCT CTG GTT GAC CCC AAG GAC ATT GAC ACC ACC CCA CTT GTC AGT GGG
 A 1 L Q N F T L K P L V D P K D 1 D T T P L V SIG
               480 490GCT AGG TCG TGI' GCC ACC TTG TAC CAG CTC AGC TTC ATT CCT GCC TGA AGAAGGGCAGGCCACGTGGCTGcrGCTGAGcrGTC ARSCATLYQLSFIPAATcrGCAACTCCTcrcrTCCAGAGCCGCCTCCAACrCcrTTGCCTATCATGGGTCCCTCCCCTGTTGTATCCTCTGACArTTATTCATTTTCAAGGTcr

AGCCTCCATTAGGAAACGTTTTCTGGATCC)n
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MEFSLLLLLA FLAGLLLLLL RGHPKAHGRL PPGPPPLPVL GNNLQMDRKG LLHSFLQLRE KYGDVFTVYL GSRPVVVLCG
-•-- AVALLGW MVILLFISVW KNQIHSSWNL PPGPFPLPIl GNLLQLDLKD IPKSFGRLAE RFGPVFTVYL GSRRVVVLHG
MDLLIILGIC LSCVVLLSLW KNKTHGLGKL PPGPTPLPVV GNLLQLETKD IQKSLSMLKA EYGSIFTLYF GMKPAVVLYG
MDLVVVLGLC LSCLLLLSLW KNQSHGGGKL PPGPTPFPrL GNVLQLDFKD LSKSLTNLSK VYGPVFTVYL GMKPTVVVHG
-------•---• LSCLLLLSLW K-QSYGGGKL PPGPTPFPIL GNILQIGIKD ISKSFTKLSE VYGPVFTVYL GMKPTVVIHG
MDPVVVLVLC LSCLLLLSLV KXQSHGGGKL PPGPTPLP!L GN!LQIDFKD ISKSLQNLSK VYGNVFTVYM GMKPTVVMYG
---.-"--.. -.---.-"- -----.----.. --.----... ..--...-..-- ---.-....-.. -.-.....-.---- -....----.f.
MDPVVVLVLG LCCLLLLSIW K"QNSGRGKL PPGPTPFPII GNILQIDAKD ISKSLTKFSE CYGPVFTVYL GMKPTVVLHG

             loo ' ----.L5Q-"-nv---TDA!REALVD QAEAFSGRGK •IAVLDPIFQG YGVIFANGER WRALRRFSLA TMRDFGMGKR SVEERIQEEA RCLVEELRKS
YKAVREMLLN HKNEFSGRGE IPAF-REFKD KGIIFNNGDT WKDTRRFSLT TLRDYGMGKQ GNEDRrQKEA HFLLEELRKT
YEGV!EALIY RGEEFSGRGI FPVFDRVTKG LGIVFSSGEK WKETRRFSLT VLRNLGMGKK SIEERIQEEA LCL!QALRKT
YEAVKEALVD LGHELSGRSR FLVTAKLNKG FGVIFSNGKR WTETRRFSLM TLRNFGMGKR SIEERVQEEA HCLVEELRKT
YDAVKEALVD LGEEFSGRIV FPLTAKINKG YGIVFSNGKR WKETRRFSLM TLRNFGMGKR SIEDRVQEEA RCLVEELRKT
YEAVKEALVD LGEEFSGRNL SPINKKVNKG LGVIFSNGKR WKEIRRFSLM TLRNFGMGKR SIEDRVQEEA RCLVEELRKT
-•-•-----•--- -••-•---•--•--- ----------- LGILFSNANT WKEMRRFSLM TLRNFGMGKR SIEDRVQEEA RCLVEELRKT
VEAVKEALVD LGEEFAGTGS VPILEKVSKG LGIAFSNAKT WKE"SRRFSLM TLRNFGMGKR SIEDRIQEEA RCLVEELRKT

                           200KGALLDNTLL FHSVTSNIIC SIVFGKRFDY KDPVFLRLLD LFFqSFSLTS SFSSQVFELF SGFLKHFPGT HRQIYRNLQE
QGQPFDPTFV IGCTPFNVIA KILFNDRFDY KDKQALRLMS LFNENFYLLS TPWLQVYNNF SNYLQYMPGS HRKVIKNVSE
NASPCDPTFL LFCVPCNVIC SVIFQNRFDY DDEKFKTLIK YFHENFELLG TPWIQLYNIF PILGHYLPGS HRQLFKNIDG
NASPCDPTFI LGAAPCNVIC SVIFQNRFDY TDQDFLSLMG KFNENFKILN SPWVQFCNCF PILFDYFPGS HRKAVKNIFY
NGSPCNPTFI LGAAPCNVIC SVIFQNRFDY TDQDFLSLMG KLNENFKILN SPWVQMCNNF PILIDYLPGS HNKILRNNIY
NGSPCDPTFI LGAAPCNVIC SVIFQNRFDY KDETFLNLMG KFNENFKILN SPWLQVCNIF PILMDYLPGT HKTVFQNFDY
NASPCDPTFI LGCAPCNV!C SIIFHNRFDY KDEHFLKLME KFNENVRILS SPWLQ!CNNF PVLADYLPGI HNTLVKNIDY
NASPCDPTFI LGCAPCNVIC SVIFHNRFDY KDEEFLKLME SLNENVRILS SPWLQVYNNF PALLDYFPGI HKTLLKNADY
-
INTFIGQSVE,RHRETLDPSN PRDFrDVYLL RMEKDKSDPS SEFHHQNLIL TVLTLFFAGT ETTSTTLRYG FLLLLKYPHV
IKEYTLARVK EHHKSLDPSC PRDFIDSLL! EMEKDKHSTE PLYTLEN!AV TVADMFFAGT ETTSTTLRYG LL!LLKHPEt
QIKFILEKVQ EHQESLDSNN PRDFVDHFLI KMEKEKHKKQ SEFTMDNLIT TIWDVFSAGT DTTSNTLKFA LLLLLKHPEV
YKNYITEQIK EHQKSLDINN PRDFIDCFLI KMEQEKCNQQ SEFTIENLLT TVSDVFMAGT ETTSTTLRYG LLLLMKHPEV
IKNYrLEKIK EHQETLDINN PRDFIDCFLI KMEQEKDNQQ SEFTIENLMT TVTDVFGAGT ETTSTTLRYG LLLLMKHPEV
VRNFVLEKTK EHQESLDINN PRDFIDCFLI KMKQEKHNQQ SEFTIENLMA TVTDVFAAGT ETTSTTLRYG LLLLMKHPEV
TKNFIMEKVK EHQKSLDVNN PRDFIDCFLI KMDQEN""NH LEFTLESLVT TVSDLFGAGT ETTSTTLRYS LLLLLKHPEV
IKNFVMEKVK EHQKLLDVNN PRDFIDCFLI KMEQEN"NNN LEFTLESLVI AVSDLFGAGT ETTSTTLRYS LLLLLKHPEV

                    350 400TERVQKEIEQ VIGSHRPPAL DDRAKMPYTD AVIHEIQRLG DLIPLGVPHM VTKDTQFRGY VIPKNTEVFP VLSSALHDPR
EEKLHEEIDR V!GPSRMPSV RDRVQMPYMD AVVHEIQRFI DLVPSNLPHE ATRDTTFQGY VIPKGTVVIP TLDSLLYDKQ
TAKVQEEIEH VIGRHRSPCS QDRSRMPYTD AVMHEIQRYV DLVPTSLPHA VTQDIEFNGY LIPKGTDIIP SLTSVLYDDK
IAKVQEEIER V!GRHRSPCM QDRSRMPYTD ATVHEIQRYI NLIPNNVPHT TICNLKFRNY LIPKGTDVLT SLSSVLHDDK
IAKVQEEIER VIGRHRSPCM QDRSRMPYTD ATVHE!QRYI NLrPNNVPRA TTCNVKFRSY LIPKGTAVrT SLTSMLYNDK
TAKVQEEIER VIGRHRSPCM QDRSRMPYTD ATVHEIQRYI NLVPNNVPHA TTCNVKFRNY FIPKGTAVLT SLTSVLHDNQ
AARVHEEIER VIGRHRSPCM QDRSRMPYTD AVIHEIQRYI DLIPINLPHA VTRDIKFRNY FIPKGMNIIT SLTSVLHDEK
AARVQEEIER VIGRHRSPCM QDRSRMPYTD AVIHEIQRFI DLLPTNVPHA VTRDVRFRNY FIPKGTDrlT SLTSVLHDEK

                    'N--------S5OYFETPNTFNP GHFLDANGAL KRIEGFMPFS LGKRICLGEG IARTELFLFF TTILQNFSIA SPVPPEDIDL TPRESGVGNV
EFPDPEKFKP EHFLNEEGKF KYSDYFKPFS AGKRVCVGEG LARMELFLLL SAILQHFNLK PLVDPEDIDL RDITVGFGRV
EFPNPEKFDP GHFLDESGNF KYSDYFMPFS TGKRACVGEG LARMELFLLL TTILQHFTLK PLVDPRDIDP TPVENGFVSV
EFPNPDRFDP GHFLDASGNF RKSDYFMPFS TGKRVCVGEA LARMELFLFL TAILQNFTPK PLVNPNNVDE NLFSSG!VRV
EFPNPDRFDP GHFLDASGKF RKSDYFMPFS TGKRVCVGEA LVRMELFLFL TAILQNFTPK PLVDPKDIDT TPLVSGLGRV
EFLKPDKFDP GHFLDASGNF KKSDYFMPFS TGKRMCMGEA LARMELFLFL TAILQNFTLK PLVDPKDIDT TPLVSGARSC
EFPNPKVFDP GHFLDESGNF KKSDYFMPFS AGKRVCVGEG LARMELFLFL TSILQNFKLQ SLVEPKDLDI TAVVNGFASV
AFPNPKVFDP GHFLDESGNF KKSDYFMPFS AGKRVCVGEG LARMELFLFL TSILQNFKLQ SLVEPKDLDI TAVVNGFVSV

       491PPSYQ!RFLA R pHP-1PPRYKLCVIP RS b43(FPI)
PPSYELCFVP V LM3bPPLYRVSFIP V pHP•-2
PPLYQLSFrP A PBcl
ATLYQLSFIP A               pHPp3
PPAYQLCFSP V               M12 '
PPSYQLCFIP I 21-OH

Fig.17. Comparison of the amino acid sequences of rabbit liver
cytochrome P-450s. The sequences of various cytochrome P-450s
are compared to the sequence of cytochrome P-45'O pHP-1.
Asterisks indicate gaps inserted to maximize homology. Da,shes
indicate the lack of the amino acid residues at amino terminf in
the cDNA clones. Th.e sequences of LM3b, P-450PBcl, and P450 21-
hydroxylase are fro' m Ozols et al. (56), Leighton et al. (28), and

Tukey et al. (30), respectively. '
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H

loe
TTC
F

ACC
T

150
GAG

E

GAG crC AGG
 E L R

AAG ACC CAG GGC CAG CCC
 K T Q G Q P

180
TAT AAG GAC AAG CAG

 YKDKQ
GCT

A

2tO
CAG

Q

GAC CCC ACC

 DPT
CTG AGG CTG
 L R L

TTT
F

ATG
M

erc
v

190
AGT

s

ATC GGC
 IG
TTG TTC
 LF

rGc
c

AAC
N

    t70
AcA ccc TTc AAc G'rc ATc
 T P F N V I

GAC CGC TTr

 DRF
TTC TAC crG

 FYL
CAC AGG AAA

 HRK
CTG GAC CCC
 L D P
CCC CTG TAC

 PLY
ACG CTG CGA
 T L R
GTG ATT GGG

 VIG
ATT CAG CGA

 lqR
GTC ATC CCC

 VIP
GAG AAG TTC

 EKF

GAC
D

erc
L

GTA
v

AGC
s

ACG
T

TAT
v

CCG
P

TTC
F

AAG
K

AGT
s

230
ATA
 1

TGC
c

280
er6

L

GGG
G

330
AGC
s

ATC
 1

3SO
occ
G

ACT CCT TGG CTG

 rpwL
AAA AAT GTG TCT
 K N V S
CCC CGG GAC TTC

 PRDF
GAA AAC ATT GCT
 E N 1 A
CTC CTG ATC erG
 L L I L
CGA ATG CCr TCT

 RMPS
GAT CTC GTG CCC

 DLVP
ACT GTT GTA ATC

 TVVI
AAA CCA GAG CAC TTT crG
 K P E H F L

GAA
E

260
ATT
 1

GTG
v

310
CTG

L

GTC
v

360
TCC

s

CCG
P

410
AAr

N

GTT TAC AAT
 V V N
ATA AAA GAG

 IKE
GAC AGC CTG

 DSL
Act GTG GCG

 TVA
AAG CAC CCC

 KHP
AGG GAC AGG

 RDR
AAT CTG CCG

 NLP
ACT CTG GAC

 TLD
GAG GAG GGG

 EEG

AAr
N

TAC
Y

crc
L

GAC
D

CAG
E

GTG
v

CAC
H

TCC
s

TTT
F

240
ACA

T

ATA
 I

290
ATG
M

ATC
l

340
CAG

Q

GAA
E

390
CTT

L

TCA AAC TAT

 SNY
CTC GCA AGA

 LAR
GAA ATG
 EM
TTC TTr
 FF
GAA GAG
 EE
ATG CCC
 MP
GCC ACA
 AT
TTG TAT
 LY

AAG TTC AAG TAT

 KFKY

GAG
E

GCG
A

AAA
K

TAC
Y

CGG
R

GAC
D

AGC
s

440
GCA

A
GGA

G
AAA

K
CGC

R

430
GTG

v
TGT

c
GTT

v
GGA
G

GAA
E

GGC
G

CTG
L

GCT
A

CGC
R

ATG
M

GAG
E

TTG
L

TTT
F

crG
L

CAT TTT AAC

 HFN
crc
L

ccA ccA cGc rAc

 PPRY
GGGAGGerCcrGerGC

AAG
K

48e
AAA

K

CCT CTC GTT GAC

 PLVD
CTC TGT GTC ATT
 L C V I

46e
CCA

P

ccc
P

GAG
E

CGC
R

GAC
D

487
TCG
s

ATr
 :

TAA

GAC CTT CGC AAT

 DLRN
ATT
 l

GAG
E

CTA
L

GTG
v

AAG
K

GGC
G

CTT
L

ATG
M

GAC
D

AAG
K

GAC
D

crc
L

ACG
T

AAC
N

220
CAG
Q

AAG
K

270
GAC

D

ACG
T

320
CAT

H

GAC
D

370
ACC

T

CAA
Q

420
TAC

Y

crG
L

470
GTG

v

AAA ATC CTC TTC
 K I L F
TAC ATG CCT GGA

 YMPG
GAG CAC CAC AAG
 E H H:K
AAA CAC AGC ACG
 K H S T
GAG ACC ACC AGC
 E T T S
GAA GAA ATC GAC

 EE1D
GCT GTG GTA CAT
 A. VVH
ACC TTC CAA
 T F Q
GAA TTC CCT

 EFP
TTC AAG CCG

 FKP
TCC GCC ATT

 SAI

GCC
A

200
AAT

N

AGT
 s
250

'TCG
 s

GAG
E

300
ACC

T

AGG
R

350
GAG

E

GGA• TAC

 GY
    400
GAT CCC
 DP
TTT TCCli    450
CTG CAG
 Lq

GGC TTT GGC CGT GTC
 G F G R V

ACCCAAGGGCAGCACCCAGAGGCCACTCTTCTCcrCGAGTGCCCCTG

Fig. 19. The nucleotide
of the overlapping tw
overlapping portion, the
each other.

sequence and deduced
o clones, b43 and
nucleotide sequences

amino acid sequence
 b43FPL In the
are identical with
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Fig. 20. Hydorpathic profiles of the three chytochrome P-450s
(pPH-1, pPH-2, and pPH-3) and P-450cam. Evaluation of hydropathy
was performed according to the method of Kyte and Doolittle (52)
at a span setting of nine amino acid residues.
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Fig. 21. Northern blot analysis with various cDNA probes.
Total liver RNA from differently treated rabbits were denatured,
electrophoresed, and transferred to a nitrocellulose filter as
described in Fig. 5. Lanes 2 to 6; RNA from untreated, PB-, MC-,
BNF-, and ISF-treated rabbits, respectively. The blotted RNA was
hybridized with nick-translated cDNA probes under hi•ghly
stringent conditions as described in Fig. 5. A, Xmal-fragment of
pPH-1; B, Hindlll-BamHI fragment of pPH-2; C, Pstl-EcoRI
fragment of b43. Calf liver ribosomal RNA was used as a size
marker (lane 1).
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Fig. 22. Southern blot analysis with various cDNA probes. Total
rabbit liver genomic DNA was digested with various restriction
enzymes, electrophoresed on a 1 Z agarose gel, and transferred to
a nitrocellulose filter. Hybridization was carried out•under high
stringent conditions as described in "Materials and Methods".
ADNA-Hindlll fragments were used as a size marker (lane 1). (A)
The 2g!AI-fragment of pPH-1 was used as a probe. Digestion was
performed with EcoRI (lane 2), BamHI (lane 3), Hindlll (lane 4),
and Pstl (lane 5). (B) The Hindlll--Ba!HI fragment of pPH-2 was
used as a probe. Digestion was performed with BamHI (lane 2),
E'coRI (lane 3), Hindlll (lane 4), and Pstl (lane 5).
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21-OH
pHP-1, M046, Bl4,

97 X

B52, LM2

pHP-2

Ml2

PBcl

84

91

pHP-3

84

80

75

74

73

75

73

72
LM3b 65 65 67 68 65

b43 54 54 56 55 57 56

pHP`- 1 48 48 49 51 49 51 50

Fig. 23
P--45Os.

.

The
Homology
numbers

of amino acid sequences of
show percentages of matched

various cytochrome
 residues.
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491

pHP-1, pHP-2(PBc2), pHP-3,
Form3b(PBc3), b43-b43FPI,

 M046, B14,
M12(21-OH)

B52, Pd- 450 1 ( LM2 ) , PBcl,

Fig.24 Conserved amino acid residues in rabbit liver
cytochrome P-450s. The'  common amino acid residues in various
rabbit liver cytochrome P-450s (listed up below the sequence) are
shown in one letter. Dashes and Asterisks indicate the positions
of amino acid substitutions and the gaps inserted to obtain
maximal homology, respectively.
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No. of AA pHP-1 M046 B52 Bl4 LM2

 20

 35
 53

 57
104

114

174

209

221

248

251

254

286

294

314

363

365

367

370

417

420

423

425

480

Leu(CTC)

Pro(CCC)

His(CAC)

G1n(CAG)

Leu(TTG)

Thr(ACC)

va1(GTc)

Thr(ACC)

Ser(TCG)

Ser(AGC)

Arg(AGG)

Glu(GAA)

G1n(CAG)

Thr(ACG)

Leu(CTG)

I1e(ATC)

A1a(TTA)

Va1(GTG)

Met(ATG)

Asp(GAC)

Leu(CTG)

I1e(ATT}

Gly(GGC)

Va1(GTG)

Arg(CGC)

Arg(CGG)

Met(ATG)

I1e(ATC)

Va1(GTC)

I1e(ATC)

Ser(TCG)

Ser(AGC)

Lys(AAG)

A1a(GCA)

Gln(CAG)

Ser(TCG)

Leu(CTG)

I1e(ATC)

Phe(TTC)

Val(GTG)

Thr(ACG)

Asn(AAC)

Leu(CTG)

Asn(AAT)

wwC (TGC)

Leu(CTG)

x I1e(ATC}
X Pro(CCG)
X Thr(ACC)
K Lys(AAG)
x Ala(GCA)
x Arg(CGG)
x Thr(ACG)

 Met(ATG)

 Va1(GTC)

 Phe(TTC)

 A1a(GCG)

 Met(ATG)

 Asp(GAC)

 Leu(CTG)

 Asn(AAT)

G1y(GGC)

Val(GTG)

Leu(CTG)

Ile(ATC}

Phe(TTC)

Val(GTG)

Thr(ACG)

Asn(AAC)

Met(ATG)

Asn(AAT)

G1y(GGC)

Va1(GTG)

 Phe

Ser

Arg

Arg

Va1

 Ile

 Ile

 1le

Pro

Ser

Lys

Ala

Gln

Ser

Met

Ile

Phe

Val

Thr

Asn

,Leu

Asn

Gly

Va1

Table l. The summary of
inducible major forms
Asterisks indicate the
Underlined amino acid was
has a shorter insert than

the amino acid substitutions in the PB-
of rabbit cytochromes P-450 (52).

 preliminary data from clone M03.
replaced by Gly(GGC) in clone B54 which
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pHP-1(LM2) pHP•-2 pHP-3 LM3b 21-OH

Ala
Arg
Agn
Asp
Cys
Gln
Glu
Gly
His
Ile
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val

23
37
13
25
 4
17
29
35
15
25
68
19
 8
39
32
31
28
 1
12
30

(24)
(38)
(15)
(24)

(16)
(28)

.(14)
(27)
(64)
<20)

(41)

(32)
(26)

15
26
30
23
13
15
27
28
12
26
55
29
12
35
30
31
29
 3
13
38

19
24
30
24
12
16
28
28
10
26
54
33
16
32
28
27
32
 3
13
35

13
19
16
27
10
16
34
31
14
33
59
34
10
33
32
29
29
 4
15
32

21
24
23
25
12
12
33
27
10
31
57
31
12
32
30
30
24

3
12
38

Total 491s 490 490 490 487

MW 55,700 55,800 55,700

Table II. Comparison of amino
cytochrome P-450s deduced from
in Fig. 12, 13, and 15 together
and 21-hydroxylase.

acid compositions of rabbit
their fiucleotide sequences
 with those of P-450 LM2,

liver
shown
LM3b,
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