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SUMMARY: A cDNA clone encoding human aldosterone synthase cytochrome P-450 (P-450,140)
has been isolated from a cDNA library derived from human adrenal tumor of a patient suffering from
primary aldosteronism. The insert of the clone contains an open reading frame encoding a protein of
503 amino acid residues together with a 3 bp 5'-untranslated region and a 1424 bp 3'-untranslated
region to which a poly(A) tract is attached. The nucleotide sequence of P-450,140 cDNA is 93%
identical to that of P-450113 cDNA. Catalytic functions of these two P-450s expressed in COS-7
cells are very similar in that both enzymes catalyze the formation of corticosterone and 18-hydroxy-
11-deoxycorticosterone using 11-deoxycorticosterone as a substrate. However, they are distinctly
different from each other in that P-450ad, preferentially catalyzes the conversion of 11-
deoxycorticosterone to aldosterone via corticosterone and 18-hydroxycorticosterone while P-45011p
substantially fails to catalyze the reaction to form aldosterone. These results suggest that P-45041d0 1S
a variant of P-45011p, but this enzyme is a different gene product possibly playing a major role in the
synthesis of aldosterone at least in a patient suffering from primary aldosteronism.  ©1990 academic

Press, Inc.

Aldosterone, the most typical mineralocorticoid, is synthesized via enzymatic reactions involving
several specific monooxygenases (1), termed P-450s (2), starting from cholesterol through a
pathway including pregnenolone, progesterone, 11-deoxycorticosterone (DOC) and corticosterone
as metabolic intermediates (3). Nature of the enzyme catalyzing the final step of aldosterone
biosynthesis is not as yet fully understood. From clinical viewpoints, it is very important to
characterize the nature of this enzyme, because several acquired and inborn errors in the synthesis or
action of aldosterone such as primary aldosteronism and corticosterone methyl oxidase Type I
(CMO1I) deficiency have been reported (4,5).

1The sequence data in this paper will appear in GenBank/EMBL/DDBJ Nucleotide Sequence
Databases under the accession number X54741.
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Abbreviations:  P-45011p, steroid 11p-hydroxylase; P-450a1do aldosterone synthase cytochrome
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Recently, several investigators demonstrated that cytochrome P-45011p purified from bovine
adrenocortical mitochondria catalyzesnotonly 11B-, 18- and 19-hydroxylations of DOC (6,7) but it
also catalyzes the conversion of corticosterone to aldosterone via 18-hydroxycorticosterone (8-11).
Morohashi et al. isolated two kinds of cDNA clone for bovine P-45011p (12,13) and demonstrated
that both of these bovine P-45011ps expressed in COS-7 cells catalyze the synthesis of aldosterone
(14). In contrast, Ogishima et al. (15) isolated aldosterone synthase cytochrome P-450 (P-450a1d0)
induced in sodium-depleted potassium-replete rat adrenal cortex (16-18) and demonstrated that the
P-4504140catalyzes three successive monooxygenation reactions of DOC to produce aldosterone as a
final product whereas rat P-450118 does not substantially catalyze the reaction to form aldosterone.
More recently, cDNAs for rat P-45051dodistinct from that for rat P-45011p (19) have been isolated by
two groups (20,21).

In regard to human P-45011p, Chua et al. (22) isolated a partial-length cDNA using a fetal
adrenal cDNA library. Mornet et al. (23) have recently isolated human P-450;;p gene (CYP11B1)
and its related gene (CYP11B2). According to their report, only CYP11B1 is actively transcribed
and CYP11B2 transcripts are not detectable in human adrenal mRNA or among cDNA clones. In
these works, however, it remains to be elucidated whether human P-45011p, a product of
CYP11B1, has the ability to catalyze the formation of aldosterone.

As an initial step to investigate what kind of enzymes are responsible for aldosterone-dependent
diseases in humans, we attempted to isolate cDNA clones for human P-45011pg and its related
enzymes, using a cDNA library derived from adrenal tumor of a patient suffering from primary
aldosteronism. In our preceding paper (24), we reported the isolation of a full-length cDNA
(pH11p1) coding for human P-4501;p together with the regulatory properties of the corresponding
gene. In this paper, we report the isolation of a cDNA clone (pH11p2) coding for human P-450x14,
and present a line of evidence to show that the cDNA clone (pH11p2) corresponds to the transcript
of the unidentified gene (CYP11B2) as reported by Mornet et al. (23) and that P-450;4, but not
P-45011p as expressed in COS-7 cells is the enzyme responsible for catalyzing the synthesis of
aldosterone using DOC as a substrate.

MATERIALS AND METHODS

Molecular cloning and nucleotide sequencing

cDNA was prepared as described previously (24) using poly(A)+ RNA isolated from adrenal
tumor of a patient suffering from primary aldosteronism. The cDNA was fractionated by gel
filtration and cDNA species longer than 2 kb were collected and used to construct a Agt10 cDNA
library as described by Huynh et al. (25). The EcoRI-Smal fragment (-4 to 88 relative to the
translational initiation site) of pH11Bl (24) and a synthetic 47-mer oligonucleotide (5'-
TGCAAGACTAGTTAATCGCTCTGAAAGTGAGGAGGGGGGACGTGCCA-3') were used as
screening probes. The synthetic oligonucleotide was designed on the basis of the nucleotide
sequence of CYP11B2 (23). Two clones hybridized with both probes were isolated out of 1x106
recombinants. One clone (pH11p2) containing the longer insert was subcloned into pUC plasmid for
ggt}%‘) analysis. Nucleotide sequence was determined by the dideoxy chain termination method
Construction of expression plasmids and transfection of DNAs into COS-7 cells

The EcoRI-BamHI fragment of pH11p1 (24) or pH1182 was inserted into the Smal-BamHI site
of the expression vector pSVL (Pharmacia) after filling-in the EcoRI sites of the cDNAs. The
resulting plasmids designated as pSV11p1 and pSV11p2 were separately transfected into COS-7
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cells as described below. For mock transfection as a control experiment, pSVL vector plasmid
without insert was used.

DNA wransfection was performed by electroporation as described by Neuman et al.(28) using
Gene Pulser (Bio-Rad Laboratories). COS-7 cells (5x100) were suspended in 0.5 ml of saline G
(29) containing 20 pg of the expression plasmid DNA and 250 ug of sonicated herring sperm DNA
as a carrier. After cells were subjected to a single electric pulse (960 uF at 240 V), they were plated
in a dish (¢90 mm) containing Dulbecco's modified Eagle's medium supplemented with 10% fetal
bovine serum and incubated for 72 h. To overcome the variability inherent in transfection,
B-galactosidase expression plasmid, pCH110, (30) was cotransfected and B-galactosidase activity
was determined for compensating transfection efficiency.

Analysis of steroid hydroxylase activity of P-450s expressed in COS-7 cells

The cells transfected were collected from twelve dishes, suspended in 10 volumes of 0.25 M
sucrose containing 20 mM Tris-HCl (pH 7.5) and homogenized with a Potter-Elvehjem
homogenizer. Mitochondrial fraction was prepared by differential centrifugation at 400xg and
8000xg. The mitochondria were solubilized with sodium cholate and then assayed for steroid
hydroxylase activity as described by Ohnishi et al. (11). Briefly, solubilized mitochondria were
incubated at 370C for 20 min with 1 pM [1,2-3H] 11-deoxycorticosterone in 25 mM potassium
phosphate buffer (pH 7.5) containing 4 mM MgCla, 5 mM glucose 6-phosphate, 0.5 U/ml glucose
6-phosphate dehydrogenase, 0.5 uM NADPH-adrenodoxin reductase, 15 pM adrenodoxin, 0.1%
sodium cholate and 100 pM NADPH. The products formed were analyzed using HPLC system as
described by Wada et al. (9).

Northern blot analysis

Poly(A)* RNA (0.3 pg) was electrophoresed on a 1% agarose gel containing formaldehyde and
transferred to a nylon membrane as described by Maniatis et al. (31). Hybridization was carried out
using the same probes as those used for screening the cDNA library. The filter was washed at 65°C
for 15 min with 2xSSC containing 0.1% SDS, then with 1xSSC containing 0.1% SDS and finally

washed at 65°C for 30 min with 0.1xSSC containing 0.1% SDS. It was autoradiographed at -70°C
with intensifying screens.

RESULTS

Fig.1 represents the restriction map of and the sequencing strategy for a cDNA clone (pH1182)
isolated. Fig.2 shows the nucleotide sequence of pH1182 consisting of 2936 bp excluding a poly(A)
tract. The open reading frame starting from the first ATG (Met) codon consists of 1509 nucleotides
encoding a polypeptide composed of 503 amino acid residues, followed by the translational
termination codon TAG. A poly(A) tract is attached to the 3'-terminus of 1424 bp 3'-untraslated
region. For comparison, the nucleotides of pH11pl and the deduced amino acid residues of
P-45011p (24) distinct from that of pH11pB2 and the corresponding deduced amino acid residues are
also present in Fig.2. As observed in this figure, the nucleotide sequences of pH1181 and pH1182
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Fig.l. Restriction map of and sequencing strategy for the cloned cDNA (pH11B2) encoding
human P-450,4140 The restriction map displays only relevant restriction endonuclease sites. A closed
box and a solid line represent the protein coding region and the untranslated regions, respectively.
Horizontal arrows show the direction and the extent of sequence determination.
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and deduced amino acid sequences are 93% identical to each other. The amino acid sequence
deduced from the nucleotide sequence of pH11p2 is 73%, 69% and 64% identical to those of bovine

P-45011ps (12,13,22), rat P-4503140 (20,21) and rat P-45011p (19), respectively.

§---66A

A A C T C A C
ATGGCACTCAGGGCAAAGGCAGAGGTGTGCGTGGCAGCGCCCTGGCTGTCCCTGCAAAGGGCACGGGCACTGGGCACTAGAGCCGCTCEGGCCCCTAGGACGGTGCTGCCGTTTGAAGCT
MetAlaLeuArgAlalysAlaGluValCysValAlaAlaProTrpleuSerLeuGlinArgAlaArgAial euGlyThrArgAlaATaArgATlaProArgThrValleuProPheGluAla

Met Val GIn i Val

G G AG A A
ATGCCCCAGCATCCAGGCAACAGGTGGCTGAGGCTGCTGCAGATCTGGAGGGAGCAGGGTTATGAGCACCTGCACCTGGAGATGCACCAGACCTTCCAGGAGCTGGGGCCCATTTTCAGG
MetProG]nH1sProG1yAsnArgTrpLeuArgLeuLeuG]nIleTrpArgG1uG]nG]yTyrGTuH1sLeuH1sLeuG]uMetH1sG]nThrPheG]nG1uLeuG]yProIlePheArg

Arg Asp Val

G G G CA G
TACAACTTGGGAGGACCACGCATGGTGTGTGTGATGCTGCCGGAGGATGTGGAGAAGCTGCAACAGGTGGACAGCCTGCATCCCTGCAGGATGATCCTGGAGCCCTGGGTGGCCTACAGA
TyrAsnLeuG]yGlyProArgMetVa1CysVa]MetLeuProGluAspVa1GluLysLeuGTnG]nVa]AspSerLeuH]sProCysArgMetI]eLeuG]uProTrpVa]A]aTyrArg

AlaGly His Ser

[ A cT
CAACATCGTGGGCACAAATGTGGCGTGTTCTTGTTGAATGGGCCTGAATGGCGCTTCAACCGATTGCGGCTGAACCCAGATGTGCTGTCGCCCAAGGCCGTGCAGAGGTTCCTCCCGATG
GinHisArgGlyHisLysCysGlyVaTPheleuleuAsnGlyProGluTrpArgPheAsnArgleuArgleuAsnProAspValleuSerProlysAlaValGinArgPheleuProMet

GTu Asn

GTGGATGCAGTGGCCAGGGACTTCTCCCAGGCCCTGAAGAAGAAGGTGCTGCAGAACGCCCGGGGGAGCCTGACCCTGGACGTCCAGCCCAGCATCTTCCACTACACCATAGAAGCCAGE
ValAspAlaValAlaArgAspPheSerGInAlaleulysLysLysVallLeuGinAsnATaArgGlySerieuThrleuAspVal6inProSerItePheHisTyrThriteGluAlaSer

G
AACTTAGCTCTTTTTGGAGAGCGGCTGGGCCTGGTTGGCCACAGCCCCAGTTCTGCCAGCCTGAACTTCCTCCATGCCCTGGAGGTCATGTTCAAATCCACCGTCCAGCTCATGTTCATG
AsnLeuAlaleuPheGlyGluArgleuGlyLeuValGlyHisSerProSerSerAlaSerLeuAsnPhelLeuHisAlaleuGTuValMetPhelysSerThrValGinleuMetPheMet

C c T
CCCAGGAGCCTGTCTCGCTGGATCAGACCCAAGGTGTGGAAGGAGCACTTTGAGGCCTGGGACTGCATCTTCCAGTACGGTGACAACTGTATCCAGAAAATCTACCAGGAACTGGCCTTC
ProArgSerLeuSerArgTrplleArgProlysValTrpLysGluHisPheGluAlaTrpAspCysIlePheGInTyrGiyAspAsnCysIleGinlysITeTyrGInGluleuAlaPhe

ThrSer

G G CA G T GC T GT
AACCGCCCTCAACACTACACAGGCATCGTGGCAGAGCTCCTGTTGAAGGCGGAACTGTCACTAGAAGCCATCAAGGCCAACTCTATGGAACTCACTGCAGGGAGCGTGGACACGACAGCG
AsnArgProG]nH1sTerhrG1yI]eVa1A1aG]uLeuLeuLeuLysAlaG]uLeuSerLeuG]uA]aI]eLysAiaAsnSerMetGluLeuThrA1aGlySerVa]AspThrThrA1a
Ser GIn Ser Asn ProAsp

. A GC
TTTCCCTTGCTGATGACGCTCTTTGAGCTGGCTCGGAACCCCGACGTGCAGCAGATCCTGCGCCAGGAGAGCCTGGCCGCCGCAGCCAGCATCAGTGAACATCCCCAGAAGGCAACCACC
PheProLeuleuMetThrleuPheGluLeuAlaArgAsnProAspValGInGInIleLeuArgGInGluSerteuAlaAlaAlaATaSerITeSerGTulisProGTnLysAlaThrThr

Asn Ala

¢ T
GAGCTGCCCTTGCTGCGGGCGGCCCTCAAGGAGACCTTGCGGCTCTACCCTGTGGGTCTGTTTTTGGAGCGAGTGGTGAGCTCAGACTTGGTGCTTCAGAACTACCACATCCCAGCTGGG
GluLeuProleuteuArgAlaAlaleulysGluThrLeuArgleuTyrProvalGlyLeuPheleuGluArgVatValSerSerAspleuvaileuGinAsnTyrHisIleProAlaGly

GG G T cC C C T
ACATTGGTACAGGTTTTCCTCTACTCGCTGGGTCGCAATGCCGCCTTGTTCCCGAGGCCTGAGCGGTATAATCCCCAGCGCTGGCTAGACATCAGGGGCTCCGGCAGGAACTTCCACCAC
ThrLeuVa]G]nVa]PheLeuTyrSerLeuG]yArgAsnAlaAlaLeuPheProArgProG]uArgTyrAsnProG]nArgTrpLeuAspI]eArgGlySerG]yArgAsnPheH1uss

Arg Tyr

T A
GTGCCCTTTGGCTTTGGCATGCGCCAGTGCCTCGGGCGGCGCCTGGCAGAGGCAGAGATGCTGCTGCTGCTGCACCACGTGCTGAAGCACTTCCTGGTGGAGACACTAACTCAAGAGGAC
ValProPheGlyPheGlyMetArgGinCysteuGlyArgArgLeuAlaGluATaGluMetleuleuleuleudisHisValleulysHisPheleuValGTuThrleuThrGInGluAsp
LeuGln

CA T T C cC C A AC TC ¢ s
ATAAAGATGGTCTACAGCTTCATATTGAGGCCTGGCACGTCCCCCCTCCTCACTTTCAGAGCGATTAACTAGTCTTGCATCTGCACCCAGGETCCCAGCCTGGCCACCAGCTTCCC--TC
I]eLysMetVa]TyrSerPheI1eLeuArgProG]yThrSerProLeuLeuThrPheArgA]aIleAsn:k

SerMetPhe

cC G T CA T
TGCCTGACCCCAGGCCACCTGTCTTCTCTCCCACATGCACAGCTTCCTGAGTCACCCCTCTGTCCAGCCAGCTCCTGCACAAATGGAACTCCCCAGGGCCTCCAGGACTGGGGCTTGCCA

T cC 7T 6 T ¢C
GGCTTGTCAAATAGCAAGGCCAGGGCACAGCTGGAGACGATCTTGCTGGCAGGGCCTGGCCTTGTCCCCAGCCCCACCTGGCCCCTTCTCCAGCAAGCAGTGCCCTCTGGACAGCTTGAC

¢ 7CC T
TCTA---CTCCCAGCGCTGGCTCCAGGCTCCTCATGAGGCCATGCAAGGGTGCTGTGATTTTGTCCCTTGCCTTCCTGCCTAGTCTCACATGTCCCTGTCCCTCTCGCCCTGGCCAGGGC

C T
CTCTGTGCAGACAGTGTCAGAGTCATTAAGCGGGATCCCAGCATCTCAGAGTCCAGTCAAGTTCCCTCCTGCAGCCTGACCCC~AGGCAGCTCGAGCATGCCCTGAGCTCTCTGARAGTT

GTCgCCCTGGAATAgGgTCCTGCAGGGTAGA@TAAAAAGGCCCCTGTGGTCACTT&TCCT&:&RCATTTTCAAGTGATACAACTGAGTCTCGAGGGGCGTGTGTTCCCCAGCTGATCATG
TCAGCCTCATGCCCCAGGCCTCGTCTTTCATGGACCAGGTCTTGTTCAAGCAGCGAGTGTTGGGTCCTCTGCTTCCTGAGCTGTCCCCTGGAGAAGGTCCCGAGGATGCTGTCAGGAGAT
GGAAGAGTCATGTGGGGTGGGAACCTGGGETGTGGTTCCAGAAATGTTTTTGGCAACAGGAGAGACAGGATTGGGCCAACAAGGACTCAGATGAGTTTTATTGACTCATTCCTCTGGTTG
ATACGGAGCCATGRTCATGTGCCACGACCTEGGATGEGCACAGGGAGGCTGCAGTTCCCTACGTGAACCTRCCTTGGGCCTCATCTGCTCCTAGCCCAGCAGAGAGAGTTGACCCCTCCTG
AACTGGCCACTCCCCAGTGCTCCTRTGCAGGGATAGGAAGTGCCCCAGGGTGAGAACGTGCCCAGCCACATCATCTTTATCTCCTGGEATTTTCATTAGGGCARAGATCTCAGCAGCCAG
CTCCTGGTAGCTGATGAGGATCAGAGCGTTTGTTCCCCCATGAAAGGGGARATACTTAGGTAATCATTCCAGGTGTGTTCAGTAGTTCCAGGACTCAGGGACTCAGGCCAGTCACCCTET
GACCGCAGGTTACTTTCCCACCCTGEGCAATGCAGT GCAGCAT GGGAAAGGAATAAGGGGGCAACAAGGTGCACAGACCTCAGAGATGGCTTCCTTGTTTATEGGECTCTCACAGATACC
CATCCAACTCCTCTAGTCAGCACTAGATCATGGGATCCTAAAATAAACCTTGGAAARAT (A)n
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In order to elucidate the functional characteristics of the products coded by these two P-450
cDNAs (pH11p1 and pH11p2), expression plasmids (pSV11p1 and pSV11B2 containing EcoRI-
BamHI fragments of pH11p1 and pH11p2, respectively) were transfected into COS-7 cells and
steroid hydroxylase activity of these two P-450s expressed was determined. The results of a typical
experiment are summarized in Table 1. The hydroxylation reaction of DOC to form corticosterone
catalyzed by the P-45071p derived from pSV11f1 proceeds approximately two-fold faster than that
of the P-450 derived from pSV11p2. The rate of conversion of DOC to 18-hydroxy-11-
deoxycorticosterone by these two P-450s is almost equivalent. The hydroxylase activities of the
P-450 derived from pSV11p2 at the 19 position of DOC and at the 18 position of corticosterone are
approximately 4- and 10-fold higher than those derived from pSV11p1, respectively. Of particular
interestis the fact that aldosterone synthase activity of the P-450 coded by pSV11p2 is remarkably
high (more than 50-fold) as compared with that of P-45011p coded by pSV11pl. These results
indicate that the clone pH11p2 is the cDNA encoding human aldosterone synthase cytochrome P-450
(P-4504140)-

To determine the sizes and amounts of transcripts of human P-450540 and P-45011p genes, we
performed Northern blot analysis. As shown in Fig.3, a major band of 3.1 kb is detected using the
oligonucleotide probe specific forpH1182, while three other bands of 4.2 kb, 3.6 kb and 2.2 kb are
detected when the restriction fragment of pH1181 is used as a probe. These results suggest that the
band of 3.1 kb represents the mRNA for P-450,14,and three other bands correspond to mRNAs for
P-4507 1. This conclusion is consistent with the recent report by Mornet et al. (23), indicating that
human P-45011p gene (CYP11Bl) is expressed using multiple polyadenylation signals to form
different sizes of mRNAs.

DISCUSSION

In the present study, we have isolated and sequenced a new cDNA clone, pH11p2, similar to
pH11p1, the cDNA for P-45011p (24). Furthermore, we have demonstrated that the product coded
by pH1182 functions as aldosterone synthase cytochrome P-450 (P-450a30). The nucleotide
sequence of pH1182 agrees well with that of the presumed exons of the unidentified gene,
CYP11B2, as reported by Mornet et al. (23). This fact indicates that pH11B2 corresponds to the
transcript of CYP11B2.

Fig.2. Thenucleotide sequence of human P-450,54, cDNA (pH11p2) and the deduced amino acid
sequence. Nucleotides are numbered starting at ‘A’ residue of the first ATG codon. The deduced
amino acid residues are shown blow the nucleotide sequence and numbered beginning with the first
methionine. The nucleotides of pH11p1 and the deduced amino acid residues of P-450118 (24)
different from the corresponding nucleotides of pH11p2 and the corresponding amino acid rcs1dues
of P-450,14, are shown above and below each sequence, respectively. The dash represents that the
corresponding nucleotides are deleted. A star symbol downstream of the protein coding region
indicates the stop codon. The putative heme binding site is marked by an underline. The poly(A)
addition signal is also marked by double-underlining. The cleavage site for human P-450,40
precursor polypeptide to form a mature protein is tentatively assigned to be between Leu24 and
Gly25 and indicated by an arrowhead in the figure, because the same position is also postulated to be
the cleavage site of rat P-450,14,, precursor protein (20,21).
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Table 1. Steroid hydroxylase activity of mitochondria in COS-7 cells
transfected with pSV11p1 or pSV11p2

Hydroxylase activity
Product formed derived from

pSV1Ipl  pSV11B2

(pmol)
Corticosterone 519 234
18-hydroxy-11-deoxycorticosterone 20.2 25.9
19-hydroxy-11-deoxycorticosterone 37 16.0
18-hydroxycorticosterone 53 52.6
Aldosterone <0.03 23

The data in this table represent the amount of each product formed in 20 min incubation,
using DOC as a substrate. Each value is corrected on the basis of the transfection efficiency of each
plasmid by determining B-galactosidase activity taken as an internal standard for transfection as
described under Materials and Methods. Expression plasmids, pSV11g1 and pSV11p2, contain
cDNAs for P-45013p and P-450,1d¢, respectively. Under the assay conditions employed, the amount
of aldosterone, if any, formed by the product coded by pHSV11pl is as low as that obtained by
mock transfection using pSVL.

Using Northern blot analysis, we have observed that the P-450,4, gene, together with the
P-45011p gene, is highly expressed in adrenal tumor of a patient suffering from primary
aldosteronism. In contrast, Mornet et al. (23) reported that any kind of transcript of CYP11B2 is not
detected in human adrenal mRNA. These results are consistent with the recent preliminary report by
Ogishima et al. {32) that P-450,4o activity is detectable in adrenal tumor of a patient with the same
disease, but the activity is hardly detectable in normal adrenal gland under the assay conditions
employed. Therefore, all of these results, taken together, suggest that primary aldosteronism is
caused by adrenal tumor in which the P-450314, gene is highly expressed. In this connection, it is
possible to postulate that CMO II deficiency is derived from a defect or mutation of this gene,

A B

> t 3.1 kb

MWW
nN—=0on
X xXxx
cToo

Fig.3. Northern blot analysis. Poly(A)* RNA of adrenal tumor of a patient suffering from primary
aldosteronism was electrophoresed, transferred to a nylon membrane and hybridized with (A) the
32p-labeled EcoRI-Smal fragment of pH11p1 (24) or (B) the 47-mer oligonucleotide probe specific
for the P-450a4, gene (23). Closed and open arrowheads indicate the positions of mRNAs for
P-45041d0 and P-45071p, respectively. The size of each band is shown on the left side of each lane.
Note that the band of 3.1 kb for P-450,13, mRNA is detectable in lane A, because it crosshybridizes
with the EcoRI-Smal fragment of pH11p1l. The more slowly migrating band detected in lane B
appears to be a nonspecific crosshybridized band.
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because marked reduction in the concentration of aldosterone with concomitant accumulation of
18-hydroxysteroids in serum and urine (4,5,33) is observed in patients suffering from this disease.
More detailed molecular analyses of DNAs, mRNAs, cDNAs and protein products from patients
suffering from primary aldosteronism, CMO 1I deficiency or 11B-hydroxylase deficiency will
provide useful data for elucidating the exact roles of P-450,140 and P-4501 18 genes in humans.

Acknowledgments: We are grateful to Dr. Yuzuru Ishimura of Keio University and Dr. Mitsuhiro
Okamoto of Osaka University for useful suggestions and to Michiho Geshi for secretarial assistance.
This work was supported in part by research grants from Toray Science Foundation, Special
Education and Research Fund of Kochi Medical School and by Grants-in-Aid for Science and
Cancer Research from the Ministry of Education, Science and Culture of Japan.

REFERENCES

[y

Hayaishi, O., Ed. (1974) Molecular Mechanisms of Oxygen Activation, Academic Press, New
York.

Sato, R., and Omura, T., Ed. (1978) Cytochrome P-450, Kodansha, Tokyo, Academic Press,
New York.

Lieberman, S., Greenfield, N. J., and Wolfson, A. (1984) Endocr. Rev. 5, 128-148.
Veldhuis, J. D., and Melby, J. C. (1981) Endocr. Rev. 2, 495-517.

Ulick, S. (1984) Pediatric and adolescent endocrinology. (Z. Laron, Ed.) Vol. 13, pp. 145-
155, S. Karger, Basel.

Momoi, K., Okamoto, M., Fujii, S., Kim, C. Y., Miyake, Y., and Yamano, T. (1983) J.
Biol. Chem. 258, 8855-8860.

Takemori, S., and Kominami, S. (1984) Trends Biochem. Sci. 9, 393-396.

Wada, A., Okamoto, M., Nonaka, Y., and Yamano, T. (1984) Biochem. Biophys. Res.
Commun. 119, 365-371.

Wada, A., Ohnishi, T., Nonaka, Y., Okamoto, M., and Yamano, T. (1985) J. Biochem. 98,
245-256.

0 PN o kv N

10. Yanagibashi, K., Haniu, M., Shively, J. E., Shen, W. H,, and Hall, P. (1986) J. Biol.
Chem. 261, 3556-3562.

11. Ohnishi, T., Wada, A., Lauber, M., Yamano, T., and Okamoto, M. (1988) J. Steroid
Biochem. 31, 73-81.

12. Morohashi, K., Yoshioka, H., Gotoh, O., Okada, Y., Yamamoto, K., Miyata, T., Sogawa,
K., Fujii-Kuriyama, Y., and Omura, T. (1987) J. Biochem. 102, 559-568.

13. Kirita, S., Morohashi, K., Hashimoto, T., Yoshioka, H., Fujii-Kuriyama, Y., and Omura, T.
(1988) J. Biochem. 104, 683-686.

14. Morohashi, K., Nonaka, Y., Kirita, S., Hatano, O., Takakusu, A., Okamoto, M., and
Omura, T. (1990) J. Biochem. 107, 635-640.

15. Ogishima, T., Mitani, F., Ishimura, Y. (1989) J. Biol. Chem. 264, 10935-10938.

16. Marusic, E. T., and Mulrow, P. J. (1967) J. Clin. Invest. 46, 2101-2108.

17. Meuli, C., and Miiller, J. (1983) Am. J. Physiol. 245, E449-E456.

18. Lauber, M., Sugano, S., Ohnishi, T., Okamoto, M., and Miller, J. (1987) J. Steroid
Biochem. 26, 693-698.

19. Nonaka, Y., Matsukawa, N., Morohashi, K., Omura, T., Ogihara, T., Teraoka, H., and
Okamoto, M. (1989) FEBS Lett. 255, 21-26.

20. Imai, M., Shimada, H., Okada, Y., Matsushima-Hibiya, Y., Ogishima, T., and Ishimura, Y.
(1990) FEBS Lett. 263, 299-302.

21. Matsukawa, N., Nonaka, Y., Ying, Z., Higaki, J., Ogihara, T., and Okamoto, M. (1990)
Biochem. Biophys. Res. Commun. 169, 245-252.

22. Chua, S. C., Szabo, P., Vitek, A., Grzeschik, K.-H., John, M., and White, P. C. (1987)
Proc. Natl. Acad. Sci. USA 84, 7193-7197.

23. Mornet, E., Dupont, J., Vitek, A., and White, P. C. (1989) J. Biol. Chem. 264, 20961-
20967.

24. Kawamoto, T., Mitsuuchi, Y., Toda, K., Miyahara, K., Yokoyama, Y., Nakao, K., Hosoda,

K., Yamamoto, Y., Imura, H., and Shizuta, Y. (1990) FEBS Lett. 269, 345-349.

315



Vol.

25.
26.

27.
28.

29.
30.
3L
32.
33.

173, No. 1, 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Huynh, T. V., Young, R. A, and Davis, R. W. (1985) DNA Clonig: A Practical Approach
(D. M. Glover, Ed.), Vol. I, pp. 49-78, IRL Press Limited, Oxford, England.

Sanger, F., Nicklen, S., and Culson, A. R. (1977) Proc. Natl. Acad. Sci. USA 74, 5463-
5467.

Vieira, J., and Messing, J. (1987) Methods Enzymol. 153, 3-11.

Neuman E., Schaefer-Ridder, M., Wang, Y., and Hofschneider, P. H. (1982) EMBO J. 1,
841-845.

Hama-Inaba, H., Takahashi, M., Kasai, M., Shiomi, T., Ito, A., Hanaoka, F., and Sato, K.
(1987) Cell Struct. Funct. 12, 173-180.

Hall, C. V., Jacob, P. E,, Ringold, G. M., and Lee, F. (1983) J. Mol. Appl. Genet. 2, 101-
109.

Maniatis, T., Fritsch, E. F., and Sambrook, J. (1982) Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor, New York.

Ogishima, T., Shibata, H., Suzuki, H., Saruta, T., Mitani, F., and Ishimura, Y. (1990)
Seikagaku, 62, 866.

Globerman, H., Rosler, A., Theodor, R., New, M. L, and White, P. C. (1988) N. Engl. 1.
Med. 319, 1193-1197.

316



