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SUMMARY: A cDNA clone encoding human aldosterone synthase cytochrome P-450 (P-450aldo) 
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) Iract is attached. The nucleotide sequence of P-450aldo cDNA is 93% 
identical to that of P-45011~ cDNA. Catalytic functions of these two P-450s expressed in COS-7 
cells are very similar in thatboth enzymes catalyze the formation of corticosterone and 18-hydroxy- 
l 1-deoxycorticosterone using l l-deoxycorticosterone as a substrate. However, they am distinctly 
different from each other in that P-450aldo preferentially catalyzes the conversion of 11- 
deoxycorticosterone to aldosterone via corticosterone and 18-hydroxycorticosterone while P-45011.1~ 
substantially fails to catalyze the reaction to form aldosterone. These results suggest that P-450aldo is 
a variant of P-450118, but this enzyme is a different gene product possibly playing a major role in the 
synthesis of aldostefone at least in a patient suffering from primary aldosteronism. © 199o Aoademio 
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, ll-deoxycordcosterone (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 II 

(CMOII) deficiency have been reported (4,5). 

1The sequence data in this paper will appear in CJenBank/EMBL/DDBJ Nucleotide Sequence 
Databases under the accession number X54741. 

CTo whom correspondence should be addressed: Department of Medical Chemistry, Kochi Medical, 
School, Nankoku, Kochi 783, Japan. 

Abbrev ia t ions :  P-450111~, steroid 1 l~hydroxylase; P-450aldo aldosterone synthase cytochrome 
P-450; DOC, 11-deoxycorticosterone; CMO II, corticosterone methyl oxidase Type II; lxSSC, 
150 mM NaC1 and 15 mM sodium citrate. 
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Recently, several investigators demonstrated that cytochrome P-4501115 purified from bovine 

adrenocorticalmitochondriaeatalyzesnotonly 1113-, 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 eDNA clone for bovine P-4501113 (12,13) and demonstrated 

that both of these bovine P-4501113s expressed in COS-7 ceils catalyze the synthesis of aldosterone 

(14). In contrast, Ogishima et al. (15) isolated aldosterone synthase cytochrome P-450 (P-450aldo) 

induced in sodium-depleted potassium-replete rat adrenal cortex (16-18) and demonstrated that the 

P-450aldoeatalyzes three successive monooxygenation reactions of DOC to produce aldosterone as a 

final product whereas rat P-450111~ does not substantially catalyze the reaction to form aldosterone. 

More recently, cDNAs for rat P-450aldodistinet from that for rat P-4501113 (19) have been isolated by 

two groups (20,21). 

In regard to human P-4501113, Chua et al. (22) isolated a partial-length eDNA using a fetal 

adrenal eDNA library. Mornet et al. (23) have recently isolated human P-4501113 gene (CYP11B 1) 

and its related gene (CYPllB2). According to their report, only CYPllB1 is actively transcribed 

and CYP11B2 transcripts are not detectable in human adrenal mRNA or among eDNA clones. In 

these works, however, it remains to be elucidated whether human P-450111~, a product of 

CYP 11B 1, 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 eDNA clones for human P-450111~ and its related 

enzymes, using a eDNA 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 eDNA 

(pill 1131) coding for human P-4501113 together with the regulatory properties of the corresponding 

gene. In this paper, we report the isolation of a eDNA clone (pill 1132) coding for human P-450aldo 

and present a line of evidence to show that the eDNA clone (pill 1~2) corresponds to the transcript 

of the unidentified gene (CYPllB2)as reported by Mornet et al. (23) and that P-450aldo but not 

P-4501113 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 
eDNA 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 eDNA species longer than 2 kb were collected and used to construct a Xgtl0 cDNA 
library as described by Huyrth et al. (25). The EcoRI-SmaI fragment (-4 to 88 relative to the 
translational initiation site) of pHil131 (24) and a synthetic 47-mer oligonudeotide (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 lxl06 
recombinants. One clone (pH 11~) containing the longer insert was subcloned into pUC plasmid for 
further analysis. Nueleotide sequence was determined by the dideoxy chain termination method 
(26,27). 
Construction of expression plasmids and transfection of DNAs into COS-7 cells 

The EcoRI-BamHI fragment of pill  11~1 (24) or pil l  1 ~ was inserted into the SmaI-BamHI site 
of the expression vector pSVL (Pharmacia) after filling-in the EcoRI sites of the cDNAs. The 
resulting plasmids designated as pSV11131 and pSVl1132 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 transfection was performed by electroporation as described by Neuman et al.(28) using 
Gene Pulser (Bio-Rad Laboratories). COS-7 cells (5x106) were suspended in 0.5 ml of saline G 
(29) containing 20 Ixg of the expression plasmid DNA and 250 Ixg of sonicated herring sperm DNA 
as a carder. After cells were subjected to a single electric pulse (960 BF 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, 
~-galactosidase expression plasmid, pCHll0, (30) was cotransfected and ~-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-HC1 (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 37oc for 20 min with 1 ttM [1,2-3H] ll-deoxycorticosterone in 25 mM potassium 
phosphate buffer (pH 7.5) containing 4 mM MgC12, 5 mM glucose 6-phosphate, 0.5 U/ml glucose 
6-phosphate dehydrogenase, 0.5 ~tM NADPH-adrenodoxin rednctase, 15 gM adrenodoxin, 0.1% 
sodium cholate and 100 ~tM NADPH. The products formed were analyzed using HPLC system as 
described by Wada et al. (9). 
Northern blot analysis 

Poly(A) + RNA (0.3 ~tg) was electrophoresed on a 1% agarose gel containing formaldehyde and 
transferred to a nylon membrane as described by Maniatis et al. (31). Hybridization was carded 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 lxSSC containing 0.1% SDS and f'mally 
washed at 65°C for 30 min with 0.1xSSC containing 0.1% SDS. It was autoradiographed at -70oc 
with intensifying screens. 

RESULTS 

Fig.1 represents the restriction map of and the sequencing strategy for a cDNA clone (pill 1132) 

isolated. Fig.2 shows the nucleotide sequence of pill  11t2 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 pHll[tl and the deduced amino acid residues of 

P-4501113 (24) distinct from that of pil l  1[~2 and the corresponding deduced amino acid residues are 

also present in Fig.2. As observed in this figure, the nucleotide sequences of pHl ll31 and pil l  lg2 

500 1000 1500 2000 2500 (bp) 
I I I I I 

Fig.1. Restriction map of and sequencing strategy for the cloned cDNA (pHiliP2) encoding 
human P-450aldo 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 pi l l  1132 is 73%, 69% and 64% identical to those of bovine 

P-4501113s (12,13,22), rat P-450aldo (20,21) and rat P-4501113 (19), respectively. 

5'. • - -GGA -1 

A T A G C T C A C 
ATGGCACTCAGGGCAAAGGcAGAGGTGTGCGTGGCAGCGCcCTGGCTGTcCCTGcAAAGGGCACGGGCACTGGGCA•TAGAGCcGCTCGGGCCCcTAGGACGGTGcTGCCGTTTGAAGCC 120 
MetAl aLeuArgAl aLysAl aGl uVal CysVal A1 aAl aProTrpLeuSerLeuGl nArgAl aArgAl aLeuGlyThrArgAl aAl aArgAl aProArgThrVal LeuProPheGl uAla 40 

Met Val Gln A Val 

G G AG A A 
ATGCCCCAGCATCCAGG•AACAGGTGGCTGAGGCTGCTGCAGATcTGGAGGGAGCAGGGTTATGAGCACCTGCACCTGGAGATGCACCAGACCTTCCAGGAGCTGGGGCCCATTTTCAGG 240 
MetProGl nHisProGlyAsnArgTrpLeuArgLeuLeuGl nl I eTrpArgGl uGl nGlyTyrGl uHisLeuHi sLeuGl uMetHisG] nThrPheGl nGl uLeuGlyProl lePheArg 80 

Arg Asp Val 

G G G C CA G 
T AcAACTTGGGAGGACCACGCATGGTGTGTGTGATGCTGCCGGAGGATGTGGAGAAGCTGCAACAGGTGGACAGCcTGCATCCCTGCAGGAT•ATCCTGGAGC0cTGGGTGGcCTACAGA 360 
TyrAsnLeuGlyGlyProArgMetVal CysValMetLeuProGl uAspVal G1 uLysLeuGlnGl nValAspSerLeuHisProCysArgMetlleLeuGl uProTrpValAlaTyrArg 120 

Asp AlaGly His Ser 

C T A C T 
CAACATCGTGGGCACAAATGTGGCGTGTTCTTGTTGAATGGGCCTGAATGGCGCTTCAAccGATTGCGGCTGAACCCAGATGTGCTGTcGcCCAAGGCCGTGCAGAGGTTCCTcCCGAT• 480 
G•nHisArgG•yHisLysCysG•yVa•PheLeuLeuAsnG•yPr•G•uTrpArgPheAsnArgLeuArgLeuAsnPr•AspVa•LeuSerPr•LysA•aVa•G•nArgPheLeuPr•Met 160 

Glu Asn 

GTGGATGCAGTGGCCAGGGACTTCTCCCAGGCCCTGAAGAAGAAGGTGCTGcAGAACGCCCGGGGGAGCcTGACCcTGGACGTCCAGcCCAGCATCTTC•ACTACACCATAGAAGcCAGC 600 
Va•AspA•aVa•A•aAr•AspPheSerG•nA•aLeuLysLysLysVa•LeuG•nAsnA•aAr•G•ySerLeuThrLeuAspVa•G•nPr•Ser••ePheHisTyrThr••eG•uA•aSer 200 

G 
AACTTAGCTCTTTTTGGAGAGcGGCTGGGCcTGGTTGGCcACAGCCCCAGTTCTGCCAGcCTGAACTTCCTCCATGcCcTGGAGGT•ATGTTcAAATCCACCGTCCAGCTCATGTTCATG 720 
AsnLeuA•aLeuPheG•yG•uArgLeuG•yLeuva•G•yHisSerPr•SerSerA•aSerLeuAsnPheLeuHisA•aLeuG•uVa•MetPheLysSerThrVa•G•nLeuMetPheMet 240 

C C  C T 
CCCAGGAGCCTGTCTcGCTGGATCAGACCCAAGGTGTGGAAGGAGCACTTTGAGGCCTGGGACTGCATcTTCCAGTACGGTGACAA•TGTATCCAGAAAATCTACCAGGAACTGGCCTTC 840 
Pr•ArgserLeuSerArgTrp••eArgPr•LysVa•TrpLysG•uHisPheG•uA•aTrpAspCys••ePheG•nTyrG•yAspAsnCys••eG•nLys••eTyrG•nG•uLeuA•aPhe 280 

ThrSer 

G G CA G T G C T G T 
AAcCGCCcTcAACAcTACACAGGCATCGTGGcAGAGCTCCTGTTGAAGGCGGAACTGTCAcTAGAAGCcATCAAGGCCAACTCTATGGAAcTCACTGCAGGGAGcGTGGACACGACAGCG 960 
AsnArgPr•G•nHisTyrThrG•y••eva•A•aG•uLeuLeuLeuLysA•aG•uLeuSerLeuG•uA•a••eLysA•aAsnSerMetG•uLeuThrA•aG•yserVa•AspThrThrA•a 320 
Ser Gln Ser Asn ProAsp Val 

A GC 
TTTCCCTTGCTGATGACGCTCTTTGAGCTGGCTCGGAACCccGACGTGCAGCAGATCCTGC•cCAGGAGAGCCTGGCCGCCGCAGcCAGCATCAGTGAACATC•CCAGAAGGCAACCACc 1080 
PhePr•LeuLeuMetThrLeuPheG•uLeuA•aArgAsnPr•AspVa•G•nG•n••eLeuArgG•nG•uSerLeuA•aA•aA•aA•aSer••eSerG•uHisPr•G•nLysA•aThrThr 360 

Asn Ala 

C T C 
GAGCTGCcCTTGCTGCGGGC•GCCCTCAAGGAGACCTTGCGGCTCTACCCTGTGGGTCTGTTTTTGGAGCGAGTGGTGAGCTCAGA•TTGGTGCTTCAGAACTAcCACATCCCAGCTGGG 1200 
G•uLeuPr•LeuLeuArgA•aA•aLeu•ysG•uThrLeuArg[euTyrPr•Va•G•yLeuPheLeuG•uArgVa•Va•SerSerAspLeuVa•LeuG•nAsnTyrHis••ePr•A•aG•y 400 

G GC G T CC C C T 
ACATTGGTACAGGTTTTCCTCTACTCGCTGGGTcGcAATGCCGCCTTGTTCCCGAGGcCTGAGcGGTATAATCCCcAGCGCTGGcTAGAcATCAGGGGCTCCGGCAGGAACTTcCACCAC 1320 
ThrLeuVa~G~nva~heLeuTyrSerLeuG~yArgAsnA~aA~aLeuPhePr~ArgPr~G~uArgTyrAsnPr~G~nArgTrpLeuAsp~eArgG~ySerG~yAr~AsnPheHisHis 440 

Arg Pro Tyr 

T T A C A  C 
GTGCcCTTTGGCTTTGGCATGCGCCAGTGCcTCGGGCGGCGCCTGGCAGAGGCAGAGATGCTGCTGCTGCTGcACCACGTGCTGAAGCACTTCCTGGTGGAGACAcTAACTCAAGAGGAC 1440 
Val Pr•PheG•yPheG•yMetArgG•nCysLeuG•yAr•ArgLeuA•aG•uA•aG•uMetLeuLeuLeuLeuHisHisVa•LeuLysHisPheLeuVa•G•uThrLeuThrG•nG•uAsp 480 

LeuGln 

CA T T C C C A AC TC C TT 
ATAAAGATGGTCTACAGCTTCATATTGAGGCCTGGCACGTCCcCCCTCCTCACTTTCAGAGCGATTAACTAGTCTTGCATCTGCACCCAGGGTCCCAGCCTGGCCACCAGCTTCCC--TC 1558 
lleLysMetValTyrSerPhelleLeuArgProGlyThrSerProLeuLeuThrPheArgAlalleAsn:~ 

SerMetPhe 

CC T A C A G T CA T 
TGccTGACcCCAGGCCACcTGTCTTcTCTCC•AcATGCACAGCTTCCTGAGTCAcC•CTCTGTcCAGCCAGCTcCTGCACAAATGGAACTCCCCAGGGCCTCCAGGACTGGGGCTTG•CA 1678 

. . . .  GC T G A . . . . . . . . . .  A T C T G T C 
GGCTTGTCAAATAGCAAGGCCAGGGCACAGcTGGAGAcGATCTTGCTGGCAGGGCCTGGCCTTGTCCCCAGCCCCACCTGGccCCTTCTCCAGCAAGCAGTGCC•TCTGGA•AGcTTGAC 1798 

C C TCC T G T G T TC 
TCTA---CTCCCAGCGCTGGCTCCAGGCTCCTcATGAGGCCATGCAAGGGTGCTGTGATTTT•TCCCTTGCCTTCCTG•CTAGTCTCACATGTCCCTGTCCcTCTCGCCCTGGCCAGGGC 1915 

C C  - -  C T  
CTCTGTGCAGAcAGTGTCAGAGTCATTAAGCGGGATCcCAGCATCTCAGAGTCCAGTCAAGTTCcCTCCTGCAGCCTGACcCC-AGGCAGCTCGAGCATGCCcTGAGCTCTCTGAAAGTT 2034 

G G G A G (A)n 
GTCACCCTGGAATACGATCCTGCAGGGTAGACTAAAAAGGCCCCTGTGGTCACTTATCCTGACACATTTTCAAGTGATACAACTGAGTCTCGAGGGGCGTGTGTTCCCCAG•TGATCATG 2154 

TCAGcCTCATGCCcCAGGCCTCGTCTTTcATGGACCAGGTcTTGTTCAAGCAGCGAGTGTTGGGTcCTcTGCTTCCTGAGCTGTCcCCTGGAGAAGGTcCCGAGGATGCTGTCAGGAGAT 2274 

GGAAGAGTCATGTGGGGTGGGAACCTGGGGTGTGGTTcCAGAAATGTTTTTGGCAACAGGAGAGACAGGATTGGGCCAACAAGGACTCAGATGAGTTTTATTGACTcATTCCTCTGGTTG 2394 

ATAcGGAGCcATGTCATGTGCCACGACCTGGGGTGGGcACAGGGAGGCTGCAGTTCcCTACGTGAACCTGCcTTGGGCCTcATCTGCTCCTAGcCcAGcAGAGAGAGTTGA•CcCTCC•G 2514 

AAcTGGCcACTcCCCAGTGCTCCTGTGCAGGGATAGGAAGTGCCcCAGGGTGAGAACGTGCCCAGCCAcATCATCTTTATcTCCTGGGATTTTCATTAGGGCAAAGATCTcAGCAGCcAG 2634 

CTCCTGGTAGCTGATGAGGATCAGAGCGTTTGTT•CCCCATGAAAGGGGAAATACTTAGGTAATcATTcCAGGT•TGTTCAGTAGTTCCAGGACTCAGGGACTcAGGCcAGTCAcCCTGT 2754 

GACCGCAGGTTGCTTTCCCA•CcTGGGCAATGCAGTGCAGCATGGGAAAGGAATAAGGGGGcAACAAGGTGCACAGACCTcAGAGATGGCTTCCTTGTTTATGGGGCTCTcACAGATACC 2874 

CATCCAACTCCTCTAGTCAGCACTAGATCATGGGATCCTAAAATAAACCTTGGAAAAAT(A)n 
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In order to elucidate the functional characteristics of the products coded by these two P-450 

cDNAs (pHlll~l and philiP2), expression plasmids (pSVllI~I and pSVll~2 containing EcoRI- 

BamHI fragments of pHll~l  and pHll[~2, 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-45011~ derived from pSV111~1 proceeds approximately two-fold faster than that 

of the P-450 derived from pSVllI~2. The rate of conversion of DOC to 18-hydroxy-ll- 

deoxycorticosterone by these two P-450s is almost equivalent. The hydroxylase activities of the 

P-450 derived from pSV111~2 at the 19 position of DOC and at the 18 position of corticosterone am 

approximately 4- and 10-fold higher than those derived from pSV11131, respectively. Of particular 

interestis the fact that aldosterone synthase activity of the P-450 coded by pSV111~2 is remarkably 

high (more than 50-fold) as compared with that of P-4501113 coded by pSVllI~I. These results 

indicate that the clone pi l l  11~2 is the eDNA encoding human aldosterone synthase cytochrome P-450 

(P-450a~d@. 

To determine the sizes and amounts of transcripts of human P-450aldo and P-45011fi genes, we 

performed Northern blot analysis. As shown in Fig.3, a major band of 3.1 kb is detected using the 

oligonucleotideprobe specif'lc forpH11132, while three other bands of 4.2 kb, 3.6 kb and 2.2 kb are 

detected when the restriction fragment of pHi 1131 is used as a probe. These results suggest that the 

band of 3.1 kb represents the mRNA for P-450aldoand three other bands correspond to mRNAs for 

P-4501113. This conclusion is consistent with the recent report by Momet et al. (23), indicating that 

human P-450111~ gene (CYPllB1) is expressed using multiple polyadenylation signals to form 

different sizes of mRNAs. 

DISCUSSION 

In the present study, we have isolated and sequenced a new eDNA clone, pHl1~2, similar to 

pHI 1131, the eDNA for P-4501113 (24). Furthermore, we have demonstrated that the product coded 

by pHlll~2 functions as aldosterone synthase cytochrome P-450 (P-450aldd. The nucleotide 

sequence of p H l l ~  agrees well with that of the presumed exons of the unidentified gene, 

CYPllB2, as reported by Mornet et al. (23). This fact indicates that pHlll~2 corresponds to the 

transcript of CYP11B2. 

Fig.2. The nucleotide sequence of human P-450aldo eDNA (pHl1132) and the deduced amino acid 
sequence. Nueleotides 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 nueleotides of pHlll~l and the deduced amino acid residues of P-4501113 (24) 
different from the corresponding nucleotides of pill 1 ~ and the corresponding amino acid residues 
of P-450aldoare shown above and below each sequence, respectively. The dash represents that the 
corresponding nucleotides are deleted. A star symbol downslream 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-450aldo 
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-450aldo precursor protein (20,21). 
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Table 1. Steroid hydroxylase activity of mitochondria in COS-7 cells 
transfected with pSV11131 or pSVll132 

Product formed 
Hydroxylase activity 

derived from 

pSV11131 pSVll~I2 

Corticosterone 
18-hydroxy- ll-deoxycorticosterone 
19-hydroxy- 11 -deoxycorticosterone 
18-hydroxycorticosterone 
Aldosterone 

(pmol) 
519 234 

20.2 25.9 
3.7 16.0 
5.3 52.6 

< 0.03 2.3 

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 ~galactosidase activity taken as an internal standard for transfection as 
described under Materials and Methods. Expression plasmids, pSVll[31 and pSVllI32, contain 
cDNAs for P-45011B and P-450ald~ respectively. Under the assay conditions employed, the amount 
of aldosterone, if afiy, formed by the product coded by pHSVllI~I is as low as that obtained by 
mock transfection using pSVL. 

Using Northern blot analysis, we have observed that the P-450aldo gene, together with the 

P-450111~ 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-450aldo 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-450aldo 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, 

4.2kbr-, 
3.6kb12 
3. I kb P 
2 .2kbD  

A B 

3. I kb~" 

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-labeledEcoRI-SmaI fragment of pill  181 (24) or (B) the 47-mer oligonucleotide probe specific 
for the P-450aldo gene (23). Closed and open arrowheads indicate the positions of mRNAs for 
P-450aldo and P-45011[~, 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-450aldomRNA is detectable in lane A, because it crosshybfidizes 
with the EcoRI-SmaI fragment of pHll~l.  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 11 deficiency or ll~-hydroxylase deficiency will 

provide useful data for elucidating the exact roles of P-450aldo and P-4501113 genes in humans. 
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