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We isolated a cDNA from a hamster adrenal cDNA library which was similar in sequence to those
of the mouse and rat P450,,; cDNAs. The hamster P450_,; cDNA, however, was shorter than the rat
and mouse P450,, cDNAs at its 5'-end and the peptide leader sequence was absent. From a hamster
genomic library we isolated and sequenced the first seven exons and a 5’-flanking region of the first
P450,,s gene exon. With this information we were able to generate a P450,, cDNA containing the
peptide leader sequence using the polymerase chain reaction. Northern analyses were performed on
adrenals from hamsters maintained on a low sodium diet for 0, 4, 7 and 10 days using a *P-labeled
sequence specific to P450;; two mRNA bands were found at 2 and 3.4 kb. The intensity of both bands
was increased about 3- to 5-fold under sodium restriction compared to controls. A distinct mRNA
band of 2.3 kb hybridized with an oligonucleotide specific to P450,,, and its intensity did not change
following low sodium intake. Imnmunoblotting analyses were performed using an antibovine adrenal
P450,,; antibody that does not discriminate between P450,,, and P450; proteins. Three bands were
detected at 52, 48 and 45 kDa in homogenate preparations of entire glands. Furthermore, the 45kDa
protein band was present in homogenates of the zona glomerulosa and absent in homogenates of
the zone fasciculata-reticularis. In conclusion, these results show that the hamster adrenals express
P450.,5 as do mouse, rat and human adrenal glands. Furthermore, two P450_,, mRNAs, which
are inducible by a low sodium intake, are present in the hamster adrenal vs one for the rat.
The physiological role of these two hamster adrenal mRNA species remains to be elucidated.
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INTRODUCTION adrenals, however, the product of a single CYPIIB
gene has been shown to transform both deoxycortico-
sterone to corticosterone and corticosterone to adlo-
sterone.

We have reported that the rat CYPI1BI and
CYP11B2 genes are expressed differently in the
adrenal [13-17]. Indeed, a low sodium or a high
potassium intake increases the levels of the rat adrenal
CYP11B2 mRNA but not that of CYP11BI1 [15, 16].
We further established that these increases in
CYP11B2 mRNA levels are due to a transcriptional
activation of the gene [15,17]. The participation of
angiotensin-II in the induction of the CYP11B2 gene
in the rat adrenal by low sodium or high potassium
intake was also demonstrated, since an increase in the
levels of the CYP11B2 mRNA was blocked by feeding

The mineralocorticoid aldosterone, an attribute of
terrestrial vertebrates [1], is involved in the homeo-
stasis of sodium and potassium and in the maintenance
of the volume of extracellular fluids. Consequently, the
involvement of potassium and sodium in the regulation
of aldosterone biosynthesis is not surprising. The
adrenal cortex of most mammalian species, including
human [2-4], mouse [5] and rat [6-10], expresses two
distinct enzymes to catalyze the terminal steps of the
biosynthesis of glucocorticoids and mineralocorticoids.
These enzymes, 11f-hydroxylase (P450,,;) and aldo-
sterone synthase (P450,,) are the products of the
CYP11B1 and CYP!1B2 genes. In bovine [11, 12]
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an inhibitor of the angiotensin conversion enzyme
(16, 18].
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We have established that hamster adrenals synthesize
the mineralocorticoid aldosterone [19] and the gluco-
corticoid cortisol [20], and that the regulation of the
secretion of these two steroids differs. The regulation
of the last steps of aldosterone formation in hamster
adrenal had not hitherto been studied.

In this article, we report the expression of P450,,
gene in the hamster adrenal. Two P450.,, mRNA
bands were found by Northern analysis and one mRNA
band for P450,,,. The intensity of the two P450
mRNA bands was increased by a low sodium intake,
whereas the P450,,5 band was unchanged.

EXPERIMENTAL
Animals

Male Syrian golden hamsters were purchased from
Charles River Canada Inc. (St-Constant, QC, Canada).
The animals were fed Purina rat chow and tap water
ad libitum or were maintained on a sodium-deficient
diet (<0.01 mEq Na*/g; ICN Biochemicals, Cleve-
land, OH) with demineralized water to drink. After
various times on the diet, hamsters were killed by
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decapitation and blood was collected for hormone
analysis. The adrenal glands were removed, freed
of fat and used as whole gland, or separated into
zona glomerulosa and zona fasciculata-reticularis (with
medulla).

RNA isolation, electrophoresis and blotting

Adrenal tissues were homogenized in 15vol of 7M
guanidine~-HCI solution containing 20 mM iodoacetic
acid, 19, lauroyl sarcosine and 1 mM EDTA, pH 5,
and the RNA was isolated as described previously
[21]. Total RNA was denatured with glyoxal [22],
electrophoresed in 1%, agarose in 0.01 M phosphate
buffer pH 6.5 and transferred to GeneScreenPlus™
(Dupont, Canada, Inc., Mississauga, ONT, Canada).
The membrane was hybridized for 4 h at 42°C and then
hybridized for 16 h at 42°C in the presence of specific
[*’P]oligonucleotides derived from hamster adrenal
P450,;; and P450,; cDNA sequences. When total
RNA was analyzed the blots were also treated with
a [*?P]ribosomal probe for the quantitation of mRNA.
PolyA* was also prepared by chromatography of
total RNA on a small oligo(dT)-cellulose column
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Primary structure of the hamster adrenal P450_,, cDNA. Base number starts at the initiating
methionine.

GTG TGG CTG GCA AGA CCC TGG 45

CTG GGC ACC ACA GCA GCA CTG 90

GAA GCC ATA CCG CAG TAC TCC 135
CAG ATC CTG AGG GAG GAG GGC 180
CAT GAG GCC TTC CGG GAG CTG 225
GGA AGA ACA CAG GTT GTG TCT 270
AAG CTG CAC CAG GTG GAG AGT 315
GAA CCT TGG GTA GCC CAC AGA 360
GTG TTC TTG CTA AAT GGG CCT 405
CTC AAC CCA CAC GTG CTG TCC 450
CCC ATG GTG GAC ATG GTA GCA 495
AAG AAG GTG TTT CAG AAT GCT 540
CAG CAA AGC CTT TTT AAC TAC 585
CTT TTT GGG GAG CGG CTG GGA 630
GCC AGC CTG ACG TTC ATC CAT 675
ACC CCA CAG CTC ATG TTC TTG 720
AGC ACC CGG GTG TGG AAA GAG 765
TCT GAG TAT GTC AAC AGA TGT 810
AGA CTT GGC AGC CCT CAC ACC 855
ATG TCC CAG GGA GCT TTG CCT 900
ATT GAG CTC ACC GCT GGG AGT 945
GTC ATG GCT CTC TTT GAG CTG 990
GCT GTG CGG CAG GAG AGC CTG 1035
AAT CCC CAG AGG GCT ATG TCG 1080
CTT AAA GAG ACC TTG AGG CTC 1125
AGA ATT CTA AGC TCG GAC TTG 1170
GCT GGG ACA TTG GTC CTA CTT 1215
CCT GCA GTA TTT CCG AGG CCC 1260
CTG GAG AGG AAT GGG AGT TTC 1305
GTG CGC CAG TGC CTG GGG AAG 1350
CTC CTG CTG CAC CAT GTG CTG 1395
GAG CGA GAG GAT GTG CGG ATG 1440
AGC TCC AGC CCC CTG CTC ACT 1485
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(Pharmacia Biotechnology Inc. Baie d’Urfé, QC,
Canada) according to the published protocol. A *S-
labeled kb ladder was used to determine the mass of
the hybridized mRNA.

Immunoblotting

Adrenal tissues were homogenized and solubilized
in Laemmli buffer [23). They were passed through a
26-gauge needle and then boiled for S min. Proteins
were electrophoresed on a 109, polyacrylamide gel in
the presence of sodium dodecyl sulfate, as described by
Laemmli [23], and subsequently transferred onto nitro-
cellulose according to the method of Towbin et al.
[24]). Cytochrome P450,,; was detected with an anti-
bovine adrenal cytochrome P450,,, antibody (kindly
provided by Dr M. R. Waterman, School of Medi-
cine, Department of Biochemistry, Nashville, TN,
U.S.A)). ["®I]Protein-A (Dupont Canada, Inc.) and
autoradiography was used to analyze antibody-antigen
complexes.

Plasma aldosterone, corticosterone and cortisol determi -
nation

Specific antibodies, obtained from ICN Immuno-
biological (Lisle, IL, U.S.A.), ICN Biochemical, and
Kallestad Labs, Inc. (Austin, TX, U.S.A.), were used
to determine plasma aldosterone, corticosterone, and
cortisol.

RESULTS

In preliminary experiments, using a mouse adrenal
P450,,; cDNA probe, we screened and isolated two
c¢DNAs from a hamster adrenal cDNA library, which
were similar in sequence to the mouse and rat P450,,,
(unpublished data) and rat P450,,;. Compared with
these species, however, the hamster P450,, cDNA
lacked 380bp in its 5-end. Subsequently, from a
hamster genomic library we isolated and sequenced
a DNA similar to the mouse and rat P450,; genes.
With this information we were able to generate a
P450,; cDNA containing the peptide leader sequence
by the polymerase chain reaction. Figure 1 shows the
sequence of this P450,, cDNA.

Using a specific 3?P-labeled oligonucleotide derived
from the hamster 450, cDNA (5-ACAGTGGCAT-
CGTGGCAGAACTAATGTCCCAGGGA-3), two
mRNA bands were detected at 2.0 and 3.4kb by
Northern blotting analysis in the hamster adrenal zone
glomerulosa (Fig. 2). On the same membrane, the
oligonucelotide (5'-TGCAAAGTGGTGGCCCACA-
GTCCTGGAGTGTCATATCACAGCTGGT-3")
specific for P450,,, hybridized to a single nRNA band
at 2.3kb (Fig. 2), which clearly differed from those
revealed by the P450 probe.

We previously reported that two protein bands of 52
and 48 kDa reacted with a bovine adrenal cytochrome
P450,,; antibody [20] when hamster adrenal mitochon-
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Fig. 2. Northern analysis of hamster adrenal zona
glomerulosa cytochrome P450.; and cytochrome P450,,,.
Total RNA was electrophoresed, transferred onto Gene-
ScreenPlus membrane and hybridized with 32P-labeled
oligonucleotides specific to P450.,; (AS) and P450,,, (118).

drial proteins were analyzed by Western blotting.
Figure 3 shows that the same antibovine cytochrome
P450,,, antibody also coupled to an additional band at
45 kDa when a whole gland homogenate was analyzed.
The 45 kDa protein was present in homogenates of the
zona glomerulosa but absent from the zona fasciculata-
reticularis. In contrast the 52kDa band was only
present in homogenates of zona fasciculata-reticularis,
showing a differential adrenal zone distribution for the
45 and 52 kDa protein.

We then evaluated the effects of a low sodium diet on
hamster adrenal function. Hamster plasma aldosterone
levels were elevated after 2, 4, 7 and 10 days of low
sodium intake, whereas cortisol and corticosterone
levels were similar to controls, indicating a different
regulation for these corticosteroids (Table 1). Northern
analyses were performed on separated adrenal zones
of hamsters which had been sodium restricted for 0,
4, 7 and 10 days. A cDNA specific for the 3’-end of

kDa

Fig. 3. Immunoblotting analysis of hamster adrenal cyto-
chrome P450,,,. Adrenal tissues were homogenized and solu-
bilized in sodium dodecyl sulfate and then electrophoresed in
a 10% polyacrylamide gel. Cytochrome P450,,, was detected
with an antibovine adrenal cytochrome P450,,, that recog-
nizes both P450,,, and P450,. 1,1°,1": whole gland; 2,2’,2":
zona glomerulosa; 3,3’,3”: zona fasciculata-reticularis.
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Table 1. Effects of a low sodium intake on the levels of
hamster plasma aldosterone, corticosterone and cortisol

Time Aldosterone Corticosterone Cortisol
(days) (ng/dD) (pg/dD (pg/dh
0 5.4 1.8 0.41
2 12.8 2.5 0.61
4 42.6 ND 0.04
7 69.8 ND 0.34
10 63.9 3.7 0.33

Groups of hamsters were fed a low sodium diet and killed at
times 0, 2, 4, 7 and 10 days. Steriods were analyzed by
radioimmunoassay. Groups 0, 2 and 10 days, n = 3; groups
4 and 7 days, n = 1; ND = not determined.

P450_; also demonstrated the two above mentioned
mRNA bands. The upper 3.4 kb band was less abun-
dant than the lower 2.0 kb band but the intensity of
both bands increased with the duration of the treat-
ments (Fig. 4), suggesting a functional role for these
two mRNAs. In this series of experiments, a similar
pattern was found in the zona fasciculata-reticularis
which is not surprising since, in contrast to the rat, it
is difficult to cleanly separate the hamster adrenal zona
glomerulosa from the zona fasciculata-reticularis. In
another series of experiments, however, we have been
able to better separate hamster adrenal zona glomeru-
losa from zona fasciculata-reticularis. In this case, as
shown in Fig. 5, P450.; was mainly located in the
zona glomerulosa, whereas P450,,; was nearly equally
distributed in both zones. The lower panel of Fig. 5
shows the results of hybridization of the same mem-
brane with a 28 S ribosomal probe to measure the
relative quantity of RNA in each lane. After correction,
with the 28 S values, we calculated that the low sodium
intake for 7 days provoked 3.5- and 5-fold increases
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-—-y W
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Fig. 4. Effects of a low sodium intake on P450,, mRNA
in hamster adrenals. Groups of hamsters were fed on low
sodium diet for 0, 4, 7, and 10 days. Total RNA was extracted
from the adrenal zona glomerulosa (ZG) and the zona fasci-
culata-reticularis (ZFR). 20 ug of RNA was analyzed by
Northern blotting. A 3P-labeled cDNA probe specific to the
3’-end of hamster adrenal P450_,; was used for hybridization
(upper panels). The same membranes were also analyzed
with a 28 § ribosomal probe (lower panels).
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Fig. 5. Effects of low sodium intake on P450,; and P450,,,
mRNAs in hamster adrenals. Groups of hamsters were fed a
low sodium diet for 0 and 7 days. Total RNA was extracted
from the adrenal zona glomerulosa (ZG) and the zona
fasciculata-reticularis (ZFR). 5 ug of RNA was analyzed by
Northern blotting. Membranes were probed with ¥P-labeled
oligonucleotides specific to P450,; (AS) and P450,,, (118).
Membranes were also hybridized with a 28 S ribosomal
probe (28 S).

in the level of the 2 and 3.5kb P450,, mRNA,
respectively in zona glomerulosa. In the zona glomeru-
losa the mRNA level of P450,,, was 1.0 for controt and
1.3-fold for the low sodium intake (Fig. 5, middle
panel); also, in another series of experiments this level
was 1.0 for control and 0.8 for the low sodium intake.
In the zona fasciculata-reticularis the mRNA level of
P450,,5 was 1.0 for control and 0.6 for the low sodium
intake group; also in another series of experiments, this
level remained near control value for the low sodium
intake group (1.1-fold), indicating that sodium restric-
tion was without effect on the expression of P450,,,
gene in hamster adrenal.

DISCUSSION

The hamster adrenal expresses a gene whose product
is closely akin to the mouse [5], rat [6~10] and human
[2—4} P450.;. The homology of P450.3 cDNA and
P450,,3 amino acid sequences between the hamster, rat,
human and bovine genes and proteins are shown in
Fig. 6 and Table 2. Table 2 also shows the comparisons
between P450,,, and P450,5. It can be seen that the
hamster adrenal P450 cDNA and amino acid sequences
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Fig. 6. Comparison of the amino acid sequence of hamster P450_, with that of mouse, rat, human and bovine
enzymes. The peptides with one, two, and three asterisks are the putative heme/steroid binding site, the Ozol’s
tridecapeptide and the putative heme binding site, respectively. The arrow indicates the cleavage site for the
processing enzyme.
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are most closely related to those of mouse and rat, a
little less so with human and still less with bovine
adrenals, indicating that, as is to be expected, hamsters
are more closely related to mice than to humans.
The ¢cDNA coding sequence and the deduced amino
acid sequence of hamster P450,,;, and P450,, are
highly homologous indicating that these two cyto-
chromes originated from a common ancestral gene.
When compared to the bovine P450,,4, the homology
of hamster P450. is 74% for cDNA and 659, for

SBMB 49-2/3—B

amino acid sequences. This homology is, however,
higher than that between the hamster P450,,;, and
bovine P450,,;.

Northern analyses of total hamster adrenal mRNA
showed two mRNA bands that hybridized to an
oligonucleotide specific to P450,;. When polyA*
mRNA was analyzed, the two mRNA species at 2.0
and 3.4kb were also found, and the ratio between
the two bands was the same as for total mRNA, indi-
cating that both species were polyadenylated. In the
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Table 2. Hamster adrenal P450,,; and P450,,3 cDNA (coding region) and
amino acid sequences: 9 homology within species

Hamster Hamster
PA450,,, P450,4
cDNA Amino cDNA Amino

Species (%) acids (%) (%) acids (%) Refs
Hamster P450,,4 100 100 90 84
Mouse P450,,, 84 77 82 76 [51
Rat P450,,, 82 74 81 75 [6, 28]
Human P450,,, 73 63 76 68 [2, 25}
Bovine P450,,, 72 60 74 65 [26, 29]
Hamster P450, 4 90 84 100 100
Mouse P450 4 81 75 89 86 [5]
Rat P450_4 81 75 88 85 {7, 28]
Human P450_ 73 63 76 69 [2, 27}

Homology was determined using DNASIS and PROSIS programs.

rat, using specific oligonucleotides, [16] only a single
P450,; mRNA species was demonstrated, indicating
a difference between these two quite closely related
species.

We isolated and sequenced a short P450,, cDNA
from a hamster adrenal cDNA library. This cDNA
was shorter at its 5’-end by 380 bp compared to the
cDNA generated by PCR. The short cDNA, however,
possesses an ATG at the beginning of the NH,-
terminal, in frame with the full length coding sequence.
It is tempting to speculate that the short cDNA orig-
inates from one of the two P450, 4 detected by North-
ern analysis. As we have not yet expressed this short
cDNA, we consequently cannot say whether it will be
translated into an active protein. However, as truncated
c¢DNA are present in many libraries and are artefacts of
library construction, we will screen another hamster
adrenal ¢cDNA library and if the short 2450, cDNA
is still present we will study the product of its ex-
pression in COS cells. The Western analysis indicates
that the zona glomerulosa protein reacting with the
antibovine P450,,; antibody might be extramito-
chondrial. An intracellular distribution study of this
component will be done to clarify this point. We
will also develop an antibody against a specific amino
acid sequence deduced from the hamster P450,
¢DNA sequence, which could discriminate between
P450,,5 and P450,5. The use of this tool will help us
to determine the exact intracellular distribution of
P450,,5 in hamster adrenal and to discriminate between
P450,,; and P450,,4 protein bands, when analyzed by
Western.

Hamster adrenals responded to a low sodium diet by
increasing the levels of plasma aldosterone, but not
that of plasma corticosterone and cortisol, indicating
that this deficient intake affected the mineralocorticoid
pathway but not that of glucocorticoid formation.
Moreover, the low sodium intake selectively affected
the mRNA of P450,, but not that of 2450,,;, showing
specific regulation at the final step of aldosterone
synthesis which is mediated by sodium restriction.

These results are in agreement with previous findings
demonstrating that low sodium intake affected the
expression of P450,; but not that of 450,,; in the rat
adrenal [16].

In the rat adrenal the effects of sodium restriction
on P450,,, are mediated by angiotensin-II, since they
are blocked by feeding an inhibitor of its conver-
tion enzyme [16]. In the hamster, angiotensin-II is
also involved in the control of aldosterone. Indeed,
angiotensin-11 produced dose-dependent increases in
aldosterone output in hamster adrenal cell suspensions
[19]. In contrast, the same system ACTH induced no
changes in aldosterone output whereas it produced
dose-dependent increases in corticosteroid output.
Moreover, in vivo, a sustained ACTH stimulus resulted
in a 489, decrease in the capacity of hamster mitochon-
drial preparations to transform corticosterone to aldo-
sterone [20]. These results clearly demonstrate the
differential effects of angiotensin-I1I and ACTH on the
last step of aldosterone formation. »

Collectively these results show that the hamster
adrenal expresses P450_;. This P450 is more closely
related to murine than to human and bovine species.
The hamster also possesses an additional adrenal
P450,; mRNA species, inducible by a low sodium
intake, the physiological relevance of which is yet to
be established.

Acknowledgements—We thank Dr Keith L. Parker for his generous
gift of mouse adrenal P450,,; cDNA. We also thank Dr Dennis
Shapcott for his helpful comments and Madeleine Paquin for
secretarial assistance. This work was supported by a grant from the
Medical Research Council of Canada (MT-4653).

REFERENCES

1. Sandor T. and Mehdi A. Z.: Steroids and evolution. In Hormones
and Evolution (Edited by E. J. W. Barrington). Academic Press,
New York (1979) pp. 1-61.

2. Mornet E., Dupont J., Vitek A. and White P. C.: Characteriz-
ation of two genes encoding human steroid 118-hydroxylase
(P450-118). §. Biol. Chem. 264 (1989) 20961-20967.

3. White P. C., Pascoe L., Curnow K. M., Tannin G. and
Rosler A.: Molecular biology of 118-hydroxylase and 118-



10.

11.

12.

13.

14.

15.

16.

Hamster Cytochrome P450 Aldosterone Synthase

hydroxysteroid dehydrogenase enzymes. J. Steroid Biochem. 43
(1992) 827-835.

. Shizuta Y., Kawamoto T., Mitsuuchi Y., Toda K., Miyahara K.,

Ichikawa Y., Imura H. and Ulick S.: Molecular genetic studies
on the biosynthesis of aldosterone in humans. §. Steroid Biochem.
43 (1992) 981-987.

. Domalik L. J., Chaplin D. D, Kirman M. S., WuR. C,, Liu W.,

Howard T. A., Seldin M. F. and Parker K. L.: Different
isoenzymes of mouse 11f8-hydroxylase produce mineralocorti-
coids and glucocorticoids. Molec. Endocr. 5 (1991) 1853-1861.

. Nonaka Y., Matsukawa N., Morohashi K. I., Omura T., Ogihara

T., Teraoka M. and Okamoto M.: Molecular cloning and
sequence analysis of cDNA encoding rat adrenal cytochrome
P450,,,. FEBS Lett. 255 (1989) 21-26.

. Imai M., Shimada H., Okada Y., Matsushima-Hibiya Y.,

Ogishima T. and Ishimura Y.: Molecular cloning of a cDNA
encoding aldosterone synthase cytochrome P-450 in rat adrenal
cortex. FEBS Lett. 263 (1990) 299-302.

. Matsukawa N., Nonaka Y., Ying Z., Higaki J., Ogihara T.

and Okamoto M.: Molecular cloning and expression of
cDNAs encoding rat aldosterone synthase: variants of cyto-
chrome P450,,;. Biochem. Biophys. Res. Commun. 169 (1990)
245-252.

. Nonaka Y., Matsukawa N., Ying Z., Ogihara T. and Okamoto

M.: Molecular nature of aldosterone synthase, a member
of cytochrome P450,,, family. Endocrine Res. 17 (1991) 151-163.
Mukai K., Imai M., Shimada H., Okada Y., Ogishima T. and
Ishimura Y.: Structural differences in 5’-flanking regions of rat
cytochrome P450,,, and P450,,; gene. Biochem. Biophys. Res.
Commun. 180 (1991) 1187-1193.

Morohashi K., Nonaka Y., Kirita S., Hatano S., Takakusu A.,
Okamoto M. and Omura T.: Enzymatic activities of P450(118)s
expressed by two cDNAs in COS-7 cells. ¥. Biochem. 107 (1990)
635-640.

Mathew P. A, Mason J. 1., Trant J. M., Sanders D. and
Waterman M. R.: Amino acid substitution Phe®*—Leu and
Ser'?—Pro abolish cortisol and aldosterone synthesis by bovine
cytochrome P450118. . Biol. Chem. 265 (1990) 20228-20233.
Tremblay A. and Lehoux J. G.: Effects of low sodium and high
potassium intakes on rat steroid metabolizing enzymes. 7Ist
Annual Meeting of the Endocrine Soctety, June 21-24, Seattle,
WA (1989) Abstr. No. 1459.

Tremblay A., Waterman M. R., Parker K. L. and Lehoux J. G.:
Regulation of rat adrenal messenger RNA and protein levels
for cytochrome P-450s and adrenodoxin by dietary sodium
depletion of potassium intake. §. Biol. Chem. 266 (1991)
2245-2251.

Lehoux J. G. and Tremblay A.:. In wvivo regulation of
gene expression of enzymes controlling aldosterone synthesis
in rat adrenal. ¥. Steroid Biochem. Molec. Biol. 43 (1992)
837-846.

Tremblay A., Parker K. L. and Lehoux J. G.: Dietary potassium
supplementation and sodium restriction stimulate aldosterone

17.

18.

19.

20.

21.

22.

23,

25.

26.

27.

28.

29.

137

synthase but not 118-hydroxylase P-450 messenger ribonucleic
acid accumulation in rat adrenals and require angiotensin II
production. Endocrinology 130 (1992) 3152-3158.

Tremblay A. and Lehoux J. G.: Transcriptional activation
of adrenocortical steroidogenic genes by high potassium or low
sodium intake. FEBS Lert. 317 (1993) 211-215.

Tremblay A. and Lehoux J. G.: Influence of captopril on adrenal
cytochrome P-450s and adrenodoxin expression in high potass-
ium or low sodium intake. ¥. Steroid Biochem Molec. Biol. 41
(1992) 799-802.

Lehoux J. G. and Ducharme L.: The differential regulation
of aldosterone output in hamster adrenal by angiotensin;; and
adrenocorticotropin. . Steroid Biochem. Molec. Biol. 41 (1992)
809-814.

Lehoux J. G., Mason J. I. and Ducharme L.: In vivo effects of
adrenocorticotropin on hamster adrenal steroidogenic enzymes.
Endocrinology 131 (1992) 1874-1882.

Lehoux J. G., Lefebvre A., Bélisle S. and Bellabarba D.: Effect
of ACTH suppression on adrenal 3-hydroxy-3-methylglutaryl
coenzyme A reductase mRNA in 4-aminopyrazolopyrimidine-
treated rats. Molec. Cell Endocr. 69 (1990) 41-49.

Thomas P. S.: Hybridization of denatured RNA transferred
or dotted to nitrocellulose paper. Meth. Enzym. 100 (1983)
255-266.

Laemmli U. K.: Cleavage of structural proteins during the
assembly of the head of bacteriophage T,. Nature (Lond) 227
(1970) 680-685.

. Towbin H., Stachelin T. and Gordon J.: Electrophoretic transfer

of proteins from polyacrylamide gels to nitrocellulose sheets:
procedure and some applications. Proc. Natn. Acad. Sci. U.S.A.
76 (1979) 43504354,

Kawamoto T., Mitsuuchi Y., Toda K., Miyahara K., Yokoyama
Y., Nakao K., Hosoda K., Yamamoto Y., Imura H. and Shizuta
Y.: Cloning of cDNA and genomic DNA for human cytochrome
PA450,,;. FEBS Lett. 269, (1990) 345-349.

Chua S. C., Szabo P., Vitek A., Gizeschik K. H., John M.
and White P. C.: Cloning of cDNA encoding steroid 118-hy-
droxylase P450,,. Proc. Natn. Acad. Sci. U.S.A. 84 (1987)
7193-7197.

Kawamoto T., Mitsuuchi Y., Ohnishi T., Ichikawa Y.,
Yokoyama Y., Sumimoto H., Toda K., Miyahara K.,
Kuribayashi I., Nakao K., Hosoda K., Yamamoto Y., Imura H.
and Shizuta Y.: Cloning and expression of a cDNA for human
cytochrome P-450,,, related to primary aldosteronism. Biockem.
Biophys. Res. Commun. 173 (1990) 309-316.

Mukai K., Imai M., Shimada H. and Ishimura Y.: Isolation and
characterization of rat CYP11§ genes involved in late steps of
mineralo- and glucocorticoid syntheses. ¥. Biol. Chem. 268
(1993) 9130-9137.

Kirita S., Hashimoto T., Kitajima M., Honda S., Morohashi K.
and Omura T.: Structural analysis of multiple bovine P-450,,,
genes and their promoter activities. J. Biochem. 108 (1990)
1030-1041.



