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We analyzed the upstream regions of the human CYP11A and bovine CYP11B genes, and
identified a distal promoter in each gene. The distal promoters are located at —1.8 to —1.5
kb in the upstream region of the CYP11A gene and —1.5to —1.1 kb in the upstream region
of the CYP11B gene. Transient transfection of CAT plasmid carrying each of the two distal
promoters indicated that the regions had a transcriptional activating function and that the
function was stimulated by cAMP. The basal and cAMP-stimulated transcriptional
activities were detected only in steroidogenic cells. On structural analyses of the regions,
we identified two Ad4 sites and a ¢cAMP responsive element in the distal promoter of
CYP11A, and two Ad4 sites and one NF-IL6 binding site in the distal promoter of CYP11B.
The presence of an Ad4 site in common suggests its major contribution to the tran-
scriptional activation. We also investigated the functional interactions between the distal
promoters and basal promoters of both genes. Interestingly, the two distal promoters
showed different requirements as to the basal promoter.

Key words: Ad4 binding protein, CYP11A gene, CYP11B gene, distal promoter, tran-

scriptional regulation.

Steroid hormones synthesized in several organs, adrenal
gland, testis, ovary, and placenta, play essential role in
sexual differentiation and the maintenance of homeostasis
of glucose and ions in the animal body. Six P-450s are
involved in the biosynthesis of steroid hormones, and each
step of the biosynthetic pathway is regulated by tropic
peptide hormones, such as adrenocorticotropin, luteinizing
hormone, and follicle-stimulating hormone. These tropic
hormones secreted from the anterior lobe of the pituitary
gland affect the biosynthesis of steroid hormones by
increasing the intracellular cAMP levels of the target
organs through receptors on the plasma membrane (1-3).

It has been established that there are two modes as to the
stimulation of the biosynthesis of steroid hormones as the
result of elevation of the cAMP level, i.e., increases in the
activities of steroidogenic enzymes (e.g., steroid hydrox-
ylating P-450s), through eflicient uptake/transport of
cholesterol into mitochondria, and triggering of transcrip-
tion of the steroidogenic P-450 genes (). Since steroido-
genic P-450 genes have been isolated from various animals,
transcriptional regulation of the genes has been examined
with the use of the promoter regions. Many reports have
been published describing the functions of P-450 gene
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Abbreviations: CAT, chloramphenicol acetyltransferase; CYP11A,
gene encoding side-chain cleavage P-450; CYP11B, gene encoding
113-hydroxylase P-450; CYP21, gene encoding 21-hydroxylase
P-450 (48).
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promoters in the cAMP-response and steroidogenic cell
specific transcription (4-17).

The cAMP responsive element (CRE) is well known as a
cis-element recognized by members of the CREB/ATF
family which confers transcriptional activity responding to
stimulation by cAMP (18). The presence of functional CRE
was confirmed in the promoters of the human CYP11A,
bovine and mouse CYP11B, and human CYP21 genes (6,
19-21). However, CRE was not found in the promoters of
other steroidogenic CYP genes, although they are also
activated by cAMP. Other sequences different from CRE
have been suggested to be responsible for the cAMP-
stimulation of some steroidogenic P-450s (22- 24). Recent-
ly, Wilson et al. (24) showed that the NGFI-B transcription
factor stimulates transcription of the mouse Cyp 21 gene
rapidly in a cAMP-dependent manner.

On the other hand, we demonstrated that Ad4 site, in
addition to Ad1(CRE), was necessary for the full response
to cAMP in the case of the bovine CYP11B gene (20). This
observation was further confirmed by examining the tran-
scriptional activity of a template carrying 4 copies of Ad4
and one copy of Adl (CRE). The template clearly showed
the essential role of the Ad1(CRE) site as a basal cAMP
responsive element and of Ad4 site as an enhancing element
(25). The significance of Ad4 site was also strongly suggest-
ed by the presence of the cis-element in the promoter
regions of all the steroidogenic CYP genes. Interestingly,
many of the Ad4s were mapped to the regulatory regions,
which were reported to confer transcriptional activity to
the genes (26- 28). The significant role of the Ad4 site was
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further supported by the steroidogenic cell-specific expres-
sion of an Ad4 binding protein, (Ad4BP), a Zn finger
transcription factor (29). Transactivation experiments
involving an Ad4BP expression vector showed the essential
role of Ad4 site as well as Ad4BP in steroidogenic specific
and cAMP-dependent expression of the CYP11A and
CYP11B genes (25).

In this study, we identified Ad4-containing distal pro-
moters of the CYP11A and CYP11B genes. Moreover, it
was revealed that the regions mainly controlled the tran-
scription of the CYP11A and CYP11B genes, in an Ad4BP-
dependent manner.

MATERIALS AND METHODS

Construction of Recombinant Plasmids and the CAT
Assay—CAT plasmids carrying the human CYP11A up-
stream region were generated from pS2.3H-CAT contain-
ing the 2.3 kb upstream region of CYP11A as described in
the previous papers (14, 15). As indicated in Fig. 1,
pS1.8C-CAT, pS1.5S-CAT, and pS0.6P-CAT were con-
structed using the restriction sites of Clal at — 1.8 kb, Scal
at —1.5 kb, and Puvull at — 600 bp, respectively. pS130-
CAT, pS93-CAT, pS57-CAT, pS46-CAT, and pS20-CAT
were constructed by use of BAL 31 exonuclease (Takara
Shuzo, Kyoto). CAT plasmids carrying the bovine CYP11B
promoter region were also generated from p751.5H-CAT
containing the 1.5 kb upstream region of CYP11B as
described (I14). As indicated in Fig. 2, p7,30.4S-CAT,
p730.1S-CAT, and pJ1-4M1.5H-CAT were constructed
using the restriction sites of HindIIl at —1.5 kb upstream
from the transcription initiation site, Bgl/Il at —1.1 kb,
BstEIl at —629 bp, Smal at —407 bp, and Stul at —125
bp, respectively.

S-RR (—1,841 to —1,523bp of the CYPI11A gene
upstream region) and B-RR (—1,467 to — 1,145 bp of the
CYP11B upstream region) were obtained by digestion with
Clal- Scal and HindIII- Bglll, respectively. The fragments
were subcloned into Smal site of pUC 19 and then tandemly
repeated three times in a head to tail manner to make
constructions of 3x[S-RR] and 3x [B-RR]. 3x[S-RR]-
B125-CAT and 3 x [B-RR]B125-CAT were constructed by
insertion of the 3x[S-RR] and 3x[B-RR] fragments,
respectively, at Stul site (—125 bp) of p730.1S-CAT. 3 X
[S-RR]S46-CAT and 3 x [B-RR]S46-CAT were construct-
ed by insertion of the 3x[S-RR] and 3 x[B-RR] frag-
ments, respectively, at —46 bp of pS46-CAT. 3 x [S-RR]-
S57-CAT and 3x [S-RR]S130-CAT were constructed by
insertion of the 3 < [S-RR] fragment at —57 bp of pS57-
CAT and —130bp of pS130-CAT, respectively. 3x[S-
RR]SV-CAT and 3 x [B-RR]SV-CAT were constructed by
insertion of the 3x[S-RR] and 3 x[B-RR] fragments,
respectively, at Bglll site of pCAT (Promega, Madison),
which contains SV40 core promoter region (408 to 610 bp)
in the upstream region of the CAT gene. Expression vectors
of Ad4BP (RSV/Ad4BP) and luciferase (RSV/luc) were
constructed as described (25). An expression vector of the
catalytic subunit of protein kinase A (PKA) was a generous
gift from Dr. McKnight (University of Washington, Seat-
tle).

The plasmids for the CAT assay were transfected into
Y-1,1-10, and CV-1 cells (supplied by the Japanese Cancer
Research Resources Bank, Tokyo) by electroporation using
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a Gene Pulser (Bio Rad Laboratories, Richmond) (14) or
the calcium phosphate precipitation method as described
previously (29). Cells were cultured in the presence or
absence of 1 mM Bt,cAMP for 36 h and then used for the
CAT assay as described previously (14). The CAT activity
expressed in the transfected cells was determined by
counting the radioactivity of the acetylated products with a
Fuji Image Analyzer (Fuji Photo Film, Odawara).

DNase I Footprinting and the Gel Shift Assay ~DNA
fragments, — 1,523 to — 1,841 bp of the CYP11A upstream
region and — 1,145 to — 1,467 bp of the CYP11B upstream
region, were end-labeled using [y-*2P|ATP (110 TBq/
mmol) (Amersham, U.K.) and used as probes. The binding
reaction and DNase 1 (Sigma, St. Louis) digestion were
performed as described (30).

The nucleotides corresponding to —62 to —30 bp (S-1)
and —1,661 to — 1,642 bp (HSC-CRE) of the CYP11A
gene, —1,304 to —1,278 bp (Ad7) of the CYP11B gene,
—129 to —111bp («CG-CRE) of the human chorionic
gonadotropin-a gene, —61 to —37 bp (NF-IL6) of the C
reactive protein gene, 131 to 154 bp (Myc) of the c-mye
gene, and —150 to — 127 bp (E4TF-1) of the adenovirus
early region 4 promoter were synthesized with an Applied
Biosystems 380B synthesizer (Foster City) as shown in
Figs. 4a, 5a, and 9a. Two mutated oligonucleotides, S-2 and
S-3, were synthesized by introducing nucleotide substitu-
tions, as shown in Fig. 9a. One guanine nucleotide added to
the 5" end of the synthetic oligonucleotides was used for the
labeling reaction with the Klenow fragment (Takara Shuzo,
Kyoto) and [«-**P]dCTP (110 TBe/mmol) (Amersham,
U.K.). Nuclear extracts were prepared from bovine adre-
nal cortex and rat liver according to Gorski et al. (31). Gel
shift analysis was performed as described previously (15).
For competition experiments, a 5 or 50-fold molar excess of
an unlabeled probe was added to the reaction mixture.

RESULTS AND DISCUSSION

Identification of Distal Promoters of the CYPIIA and
CYPIIB Genes—In order to determine the promoter
function of the human CYP11A gene, several deletion
plasmids were generated from pS2.3H-CAT, which con-
tained the 2.3 kb long upstream region of the CYP11A gene
(Fig. 1). These plasmids were transfected into two different
types of steroidogenic cells, Y-1 and [-10 cells, derived
from mouse adrenal and testicular Leydig tumors, respec-
tively. After 36 h incubation in the presence or absence of
1 mM Bt,cAMP, the cells were used for the CAT assay. The
results of the CAT assay with 1-10 cells are summarized in
Fig. 1. pS2.3H-CAT and pS1.8C-CAT showed 10- and
4-fold induced transcriptional activities, respectively, on
treatment with Bt,cAMP. On the other hand, other plas-
mids, which contained promoter regions shorter than 1.5
kb, did not show cAMP-responsiveness. Similar results
were obtained when the same plasmids were transfected
into Y-1 cells (data not shown). It was therefore concluded
that the two regions, —2.3 to —1.8kband —1.8 to —1.5
kb in the CYP11A upstream region, have a cAMP-re-
sponsive function. The presence of cAMP-dependent tran-
scriptional activity in the region from —1.8 to — 1.5 kb was
observed with Y-1 cells (7, 11, 19) and with MA-10 Leydig
cells (21). However, the presence of the same activity in the
other region, from —2.3 to —1.8 kb, is not consistent with
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the previous reports (19, 21). Similar inconsistency was
also seen in the case of the human CYP21 gene (8, 21). Such
inconsistent observations in several reports are likely to be
explained in part by the differences in the reporter gene
plasmids and cultured cells used in each experiment. In
particular, Y-1 cells maintained in different laboratories
showed different levels of transcriptional activation of
pS2.3H-CAT and pS1.8C-CAT by Bt,cAMP (data not
shown). Recently, we identified a cis-acting element, Ad4,
which confers full cAMP responsiveness to the CYP11B
promoter in the co-presence of Ad1(CRE) (15, 20, 25).
Interestingly, the presence of at least an Ad4 site was
confirmed in all the steroidogenic CYP gene promoters
using the Ad4 binding protein (Ad4BP) purified from
bovine adrenal cortex (27). Six Ad4 sites are present at
—37 to —45, —540 to —532, —678 to — 670, — 1,637 to

1,629, —1,719 to —1,727, and —2,125 to —2,132 bp in
the CYP11A promoter region. The two functional regions

both have Ad4 sites.

For analysis of the bovine CYP11B promoter region,
various deletion plasmids were constructed from
p7/531.5H-CAT, which contained the 1.5 kb long upstream
region of the bovine CYP11B gene. These plasmids were
transfected into Y-1 cells and CAT assays were performed.
As shown in Fig. 2, p731.5H-CAT showed induced tran-
scriptional activity (10-fold) on treatment with Bt,cAMP.
The inducibility was retained when the CAT plasmids
contained 407 bp upstream region (p7/40.4S-CAT),
although the induced CAT activity was less than half the
level in the case of p751.5H-CAT. The 125 bp upstream
region did not confer cAMP responsiveness to the CAT
plasmid in spite of the presence of Ad1(CRE). These results
showed good agreement with those of the deletion experi-
ments on the CYP11B promoter reported previously (15).
In this study, we investigated the transcriptional activity of
the region from — 1.5 to — 1.1 kb by making four additional

determined above, —2.3to —1.8 kband —1.8to —1.5kb,  CAT constructs carrying internal deletions (Fig. 2). Com-
Fig. 1. Construction of CAT
cAMP 50 100unit plasmids carrying sequential
w I | deletions of the CYP11A gene
promoter and their CAT activ-
2.3kb o R ST .
pS2.3H-CAT o o ° o o o X ities in I-10 cells. The plasmids
Hind I were constructed from pS2.3H-
1.8kb i CAT (I14) as described under
$1.8C-CAT r’-‘—”—ﬁ o o ° °
a Clal + “MATERIALS AND METH-
S1.5S-CAT 1.5kb = 0DS.” T}'le.region from —1.8 to
i Scal + 1.5 kb is indicated by a shaded
. . - arrow. These plasmids were
pSOTRAE AT O.G:VDU b ° + transfected into I-10 cells by
130b - electroporation (14), and then the
PS130-CAT P ( ) H cells were used for the CAT assay
93b - after 36 h incubation in the pres-
pS93-CAT P * ence (+) or absence (—) of 1 mM
- Bt,cAMP. The CAT activities in-
pS46-CAT 46bp @_ £ dicated by the closed bars are the
8 10 averages + SEM for three trans-
pS20-CAT 20bp — 4 fection experiments. The CAT
activity of pS2.3H-CAT treated
with Bt,cAMP was taken as 100
units.
e Fig. 2. Construction of CAT
cAMP 50 100Qunit plasmids carrying various
|_E>_] I I regions of the CYP11B gene
1.5k 1K-0.6k promoter and their CAT
X 3 : - activities in Y-1 cells. The
701.5H-CAT m_“_ activities in
P7p Hind Bgl stE " e 90 & plasmids for the CAT assay were
- constructed from p781.5H-
BI¢NEORE o'“éma 0 ga + CAT, which has a 1.5kb long
- DNA fragment of the bovine
ERAIRAT 125bp|‘%— S CYP11B gene promoter up-
Stul, v
pA1M1.5H-CAT _%_ & stream from the transcription
# initiation site (15). All the plas-
pA2M1.5H-CAT "." . mids were constructed using the
ee ee 90 h restriction sites of HindIIl at
pA3M1.5H-CAT m_ _%_ - 1.5kb, Bglll at 11 kv,
e o e + BstEIl at —0.6 kb, Smal at 407
o bp, and Stul at —125 bp. The
samnstcar BOHE- -BDE-B0O & ok :
P ee 9 e@ 90 + locations of the cis-elements,
Adl, Ad2, Ad3, and Ad4, are

on each construct. The region from —1.5 to

indicated by the numbered ovals

1.1 kb is indicated by an open arrow. These plasmids were transfected into Y-1 cells and then

the cells were used for the CAT assay. The CAT activities indicated by the closed bars are the averages ~ SEM for three transfection
experiments. The CAT activity of p741.5H-CAT treated with Bt,cAMP was taken as one hundred units.
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parison between p7/30.1S-CAT and pJ1M1.5H-CAT in-
dicated that the addition of the upstream region, from —1.5
to —1.1 kb, to p730.1S-CAT provided cAMP responsive-
ness in addition to basal transcriptional activity. Similar
results were observed on comparison between p7/30.4S-
CAT and pJ2M1.5H-CAT. Conversely, comparison
between p.J1M1.5H-CAT and pJ3M1.5H-CAT, or
pJ2M1.5H-CAT and p.J4M1.5H-CAT indicated that the
presence of the region from —1.1 to —0.6 kb reduced the
CAT activity in both the presence and absence of cAMP. In
a recent report (20), we described that the upstream
region, from —0.4 to — 125 bp, which contained Ad3 and
Ad4 sites, was necessary, in addition to Ad1(CRE), for the
full activation of the gene by cAMP. The region, from —1.5
to —1.1 kb, which carries two Ad4 sites seemed to have a
function equivalent to that of the region from —0.4 to
— 125 bp.

Several Ad4 sites have been reported to be present in the
steroidogenic CYP gene promoters including CYP11A and
CYP11B. Many of them were mapped to the promoter
regions having transcriptional activity (27). As indicated
above, some Ad4s of the CYP11A and CYP11B genes are in
the region showing the transcriptional activities and the
others are not. The —1.1 to — 0.6 kb region of the CYP11B
promoter carrying an Ad4 site rather seems to have a
transcription suppressive function judging from the results
of deletion analysis of the region. Similarly, the region
from —346 to —573 bp of the CYP11A promoter, which
has a transcription suppressive function (7), also contains
an Ad4 site. In the previous study, we confirmed that the
co-existence of Ad3 and Ad4 was required for the cAMP-
dependent transcriptional activity of the CYP11B gene
promoter (15). Our recent experiment with OVEC reporter
gene constructs strongly supported the observation. The
Ad4 site in an OVEC construct enhanced the transcription
depending on the presence of Ad1(CRE), although Ad4
showed little transcriptional activity by itself (25). The
activating and suppressive functions of the Ad4-containing
regions seem to depend on the presence of other cis-
elements in the regions. As will be described below, other
elements, a CRE-like element and Ad7, were present
beside Ad4 sites in the distal promoters of CYP11A (—1.8
to —1.5 kb) and CYP11B (—1.5to —1.1 kb), respectively.

Cis-Elements in the Distal Promoters— We i1dentified the
two regions from — 1.8 to —1.5 kb of CYP11A, and from
—1.5 to —1.1kb of CYP11B as the distal promoters
carrying two Ad4 sites. To determine the structure and
function of the Ad4-containing distal promoters, we used
DNA fragments corresponding to these two regions for
further experiments. First of all, we performed DNase |
footprint analysis of the fragments using a nuclear extract
prepared from bovine adrenal cortex. As shown in Fig. 3a,
three portions were protected from DNase | digestion in
the CYP11A distal promoter. Table I summarizes the
nucleotide sequences of the protected regions. Two of them
containing Ad4 sites are located at —1,637 to —1,629 bp
and 1,727 to 1,719 bp. The former Ad4 site
(—1,637/—1,629) was protected more strongly than the
latter one (—1,727/—1,719), which was consistent with
the binding strength of the purified Ad4BP as to two
oligonucleotides carrying 1,642/ 1,623 bp and

1,714/ —1,733 bp (27). The remaining portion, — 1,653
to —1,646 bp, adjacent to the former Ad4 site (— 1,637
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—1,629) contained a CRE-like sequence (tentatively
named HSC-CRE), TGATGTCA, carrying one base substi-
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Fig. 3. DNase I footprint analyses of the CYP11A and CYP11B
distal promoters with a nuclear extract prepared from bovine
adrenal cortex. (a) The DNA fragment corresponding to the
CYP11A distal promoter (—1,841 to — 1,523 bp) was end-labeled
at — 1,841 bp and then used for the footprint analysis. Increasing
amounts of the nuclear extract prepared from bovine adrenal cortex
(fromOto 5 ug) were used. G+ Aand T + C ladders were generated by
chemical cleavage (45). Shaded ovals indicate the portions protected
from DNase I digestion and the locations of cis-elements (Ad4s and
the CRE-like element) are also indicated by nucleotide numbers. (b)
The CYP11B distal promoter (— 1,467 to — 1,145 bp) was analyzed in
the same manner. The locations of the protected portions and cis-
elements (Ad4s and Ad7) are indicated.
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Fig. 4. Nuclear factor binding to CRE-

like element in the CYP11A distal 5'qTCCTTGGCH AlTTCC 3!

promoter. (a) Three probes were used for HSC-CRE 8 'gAGGAACC AGGg 5' Comp. —  Ad1 oCG-
the gel shift assay. The nucleotide se- 51 QCAAR AITGGTAA 3 CRE
quences of the three probes, HSC-CRE, aCG-CRE 3 'gGTTTCCATT 5t x5 x50 x5 x50
Ad1(CRE), and «CG-CRE, are correspond : g

to — 1,661 to —1,642 bp of the CYP11A Ad1 5"ggCCT %l CAGAT 3! =y

gene, —71 to —54 bp of the CYP11B gene, 3' GGACR AGTCTAgg 5' -

and 129 to 111 bp of the human =

chorionic gonadotropin- a gene (32), respectively. Putative cAMP responsive elements in the probes are
indicated by shaded boxes. (b) End-labeled HSC-CRE was used as the probe for the gel shift assay with
10 pg of nuclear extract of bovine adrenal cortex. A single band was detected, as indicated by the arrow.
A 5 or 50 molar excess of unlabeled Ad1(CRE) or « CG-CRE was added to the binding reaction mixture

as a competitor.

tution from the palindromic CRE, TGACGTCA, and also
one from AdI1(CRE), TGACGTGA, of the CYP11B pro-
moter (Fig. 4a) (13). Furthermore, HSC-CRE was revealed
to exhibit transcriptional activity in response to cAMP on
mutational analysis of this sequence, as reported previous-
ly (19). Then we performed gel shift analyses to examine
protein factor(s) interacting with HSC-CRE. As shown in
Fig. 4b, when the nuclear extract prepared from bovine
adrenal cortex was used, a single retarded signal was
detected. The signal with this probe disappeared complete-
ly on the addition of a 50-fold molar excess of unlabeled
Ad1(CRE) or CRE («CG) of the human chorionic gonado-
tropin gene (32). Since Ad1(CRE) binds two forms, CREB/
ATF proteins (20), HSC-CRE of the CYP11A promoter
seems to form a complex with the same protein family of
CREB/ATF.

Similar experiments were performed with the distal
promoter of the CYP11B gene. Three portions were also
protected from DNase I digestion (Fig. 3b). As in the case
of the CYP11A distal promoter, two of them, located at
—1,240to — 1,248 bpand — 1,342 to — 1,334 bp, contained
Ad4s. The remaining portion located between the two Ad4
sites, tentatively named Ad7, was less protected than the
two Ad4 sites. Comparison of the nucleotide sequence of
Ad7 (Table I) with those of other known cis-elements
revealed that Ad7 contains sequences showing homology
with NF-IL6, myc or E4TF-1 binding sites (33) (Fig. 5a).
Gel shift analysis was performed to determine whether or
not the factor binding to Ad7 recognizes the homologous
sequences. As shown in Fig. 5b, the retarded signal of Ad7
disappeared on the addition of unlabeled NF-IL6 oligonu-
cleotide as well as Ad7. Since NF-IL6 is well characterized
as a transcription factor enriched in the liver, the presence
of the factor binding to Ad7 was examined with a nuclear
extract prepared from rat liver. The retarded signal of Ad7
was also detected and competed by the unlabeled NF-1L.6
oligonucleotide. Although the presence of NF-IL6 in the
adrenal cortex was not examined, the above result indicat-
ed the presence of NF-IL6 or related factor(s) in the
adrenal cortex. Determination of the primary structure of
NF-IL6 revealed the presence of a basic region and a
leucine-zipper (b-ZIP) structure, which is present in the
CREB/ATF family in common, for DNA binding and dimer
formation (34-36). The distal promoters of the CYP11A
and CYP11B genes were revealed to have a similar struc-
ture, which contains a binding site for the b-ZIP protein
between the two Ad4 sites. As described above, the distal
promoters of the CYP11A and CYP11B genes contained
CRE and NF-IL6 binding sites, respectively.
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TABLE 1. Nucleotide sequences of the protected regions of the
CYP11A and CYP11B distal promoters determined by footprint
analysis. The Ad4 sites and HSC-CRE site are indicated by shaded
boxes. The locations of the protected regions are shown at the left of
each nucleotide sequence. The tightly protected nucleotide in the Ad7
site is indicated by dots over the sequence.

Ad-4 5'CAGGQ] NTCATGG 3'
teie 3 e e 3
CYP11A HSC-CRE  5'TTGGC] AlrTcea 3¢
Distal -1653/-1646 rmccr 5!
Promoter
Ad-4 5'GTCT AGTTTT 3'
17167 3 ChGARBeTTCCTCACANAA 5
Ad-4 5'AACTG] TCATC 3'
nedittan IR R o

CYP11B Ad-7 5' GAGGACAGCTCTTACGCCACCTGGGGE 3
Distal 1304/-1278  3'CTCCTGTCGAGAATGCGGTGGACCCCG 5'

Promoter
-1342/-1334  3'CGT CGACC 5

Although CRE is well known as a cis-element conferring
cAMP-responsiveness (18), NF-IL6 is not involved in such
a cAMP-dependent pathway (34-36). In our previous
studies (15, 20), it was clarified that the Ad4 site located
at —331 to —323 bp in the CYP11B gene promoter also
contributes to the cAMP-responsive function. The Ad4 site
in the distal promoters possibly functions as a cAMP-
responsive sequence.

Tissue Specific Transcriptional Activity of the Distal
Promoters—The steroidogenic cell specific transcriptional
activities of the CYP11A and CYP11B gene promoters
were confirmed in the previous study (14). In this study, we
examined whether or not the distal promoters of the two
genes described above have steroidogenic cell specific
transcriptional activity. Two recombinant plasmids, 3 X
[S-RR]SV-CAT and 3x [B-RR]SV-CAT, which have
SV40 core promoter and three tandem repeats of the distal
promoter of the CYP11A gene, 3 < [S-RR], or the CYP11B
gene, 3 X [B-RR], were transfected into steroidogenic Y-1
and [-10 cells. As shown in the upper two panels of Fig. 6,
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a LA R R R RN RN NN NN

Ad7 (Antisense) 5! GCC'.’IJCAGcl;'{‘Cl;(I.?.(I.‘,C';TlIUIXGAG(i‘,TG'II‘CCTC SK

NF-IL6 5' TACATAGTGGCGCAAACTCCCTTAC 3'
00000000 OCGOIOIOIOS

Ad7 (Sense) G ¢ GAGGIi\(Illle('Z".lT.'Cl:'.lI“'.Il‘lli.CCI;(IZCACCTGGGGC z)0

Myc 5'CACATCTCTTATGCGGTTGAATAG 3'

00000000 OGOIOOSINOS
Ad7 (Antisense) 5' GCCCCA(.I-?GTGGCGTAAGAGCT?TCC'}‘C 3!
E4TF-1

Fig. 5. Nuclear factor(s) binding to Ad7 in the CYP11B distal
promoter. (a) The nucleotide sequences of the probes for NF-1L6,
Myec, and E4TF-1, corresponding to —61 to —37 bp of the C reactive
protein gene (35), 131 to 154 bp of the c-myc gene (46), and — 150 to
127 bp of adenovirus early region 4 (47), respectively, are compared
with the Ad7 region. The matched nucleotides are indicated by bars.
The tightly protected region identified in the Ad7 sequence on footprint
analysis is indicated by dots over the nucleotide. (b) End-labeled
oligonucleotides corresponding to Ad7 and NF-1L6 were used for the
gel shift assay with 5 ug of nuclear extract prepared from bovine
adrenal cortex and rat liver. The major signal detected is indicated by
an arrow. A 5 or 50 molar excess of the unlabeled Ad7 or NF-1L6
oligonucleotide, or a 50 molar excess of the unlabeled Myc or E4TF-1
oligonucleotide was added to the binding mixture as competitors.

the SV40 enhancer promoter (SV2-CAT) triggered the
transcription of the CAT gene in the two cell lines without
any response to cAMP. On the other hand, 3 x [S-RR] and
3% [B-RR] enhanced the transcriptional activity of the
SV40 core promoter 14- and 14-fold in Y-1 cells, and, 5-
and 6-fold in I-10 cells, respectively, in the absence of
cAMP. 3x [S-RR] and 3x [B-RR] also conferred cAMP
responsiveness to the promoter in both Y-1 and I-10 cells.
For investigation of the tissue-specific transcriptional
activity of the region, non-steroidogenic CV-1 cells were
used for further transfection experiments. An expression
vector for the catalytic subunit of protein kinase A (PKA)
was used to activate the PKA-dependent signaling path-
way, since CV-1 cells do not fully respond to Bt,cAMP (37).
When transfected into CV-1 cells, 3x[S-RR] and 3 X
[B-RR] did not trigger transcription of the CAT gene. The
transcriptional activities were still weak even in the
presence of the PKA expression vector (lower panel of Fig.
6). These observations indicated that the distal promoters
of the CYP11A and CYP11B genes are active only in the
steroidogenic cells, even when connected to the heter-
ologous promoter. The transcriptional activities of the
distal promoters were further analyzed to clarify the role of
Ad4 sites in the regions using an expression vector of the
Ad4 site binding protein, Ad4BP, which is expressed only in
steroidogenic tissues (25, 29, 36, 39) (lower panel of Fig.
6). As described above, 3 x [S-RR] and 3 x [B-RR] did not
trigger transcription in the non-steroidogenic CV-1 cells.
Since the inactivity of the regions seemed to be caused by
the absence of Ad4BP in CV-1 cells, the Ad4BP expression
vector was cotransfected. As expected, the CAT activities
driven by the distal promoters, 3 x [S-RR] and 3 x [B-RR],
were significantly induced by the expression of Ad4BP. The
PKA expression vector further enhanced the activities by
2-fold. Likewise, the CAT activity of the pCAT plasmid
was also enhanced on cotransfection of the PKA expression
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vector in CV-1 cells. The enhancement by PKA was likely
to be dependent on the SV40 core promoter function in
CV-1 cells. However, the CAT activities of 3 < [S-RR]SV-
CAT and 3x[B-RR|SV-CAT were enhanced by the addi-
tion of cAMP in Y-1 and I-10 cells, as shown in the upper
panel of Fig. 6. Therefore, the distal promoters were
considered to have a cAMP-responsive function. These
observations indicated that the distal promoters of the
CYP11A and CYP11B genes express their functions only in
the presence of Ad4BP, showing a good correlation with the
steroidogenic tissue specific expression of the CYP11A and
CYP11B genes.

Functional Interaction between Distal and Basal Pro-
moters—As indicated above, the two distal promoters had
similar effects to the heterologous promoter although their
structures are different, except for Ad4 site. To clarify the
functional differences between the regions, we examined
the functional interaction between the distal promoters and
the basal promoters of the CYP11A and CYP11B genes. In
the case of the CYP11B distal promoter, 125 bp fragment
from the transcription initiation site, which contains two
cis-elements, Ad1(CRE) and Ad2, was essential for the
basal transcriptional activity of the CYP11B gene, as
reported previously (13, 20). The recombinant plasmids,
3% [B-RR]B125-CAT and 3x|S-RR|B125-CAT, were
constructed by combination of the basal promoter of the
CYP11B gene and the three tandem repeats of each distal
promoter (upper panel of Fig. 7). In the case of the CYP11A
gene, Inoue et al. (19) reported that the region to —44 bp
from the transcription initiation site was sufficient for
expression of the basal transcriptional activity. Since their
result was in good agreement with our finding that an Ad4
site is located at —45 to —37 bp (27), we used —45 bp
fragment as a putative basal promoter of the CYP11A gene.
Then, two additional recombinants, 3x [B-RR]S46-CAT
and 3 X [S-RR]S46-CAT, were constructed in the same
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Fig. 6. Tissue specific transeriptional activity of distal pro-
moters and transcriptional activation on the expression of
Ad4BP eDNA. (Upper panel) 3% [S-RR|SV-CAT and 3 x [ B-RR]-
SV-.CAT were constructed by insertion of a three tandem repeat
of the CYP11A distal promoter, 3 x [S-RR | (shaded arrows), and
the CYP11B distal promoter, 3x[B-RR] (open arrows), into
pCAT, which contains SV40 core promoter, indicated by a thickly
hatched box. These constructs were transfected into Y-1 and I-10
cells. pCAT and SV2-CAT, which contains SV40 enhancer promoter,
indicated by a thinly hatched box, were used as controls. The CAT
activities indicated by closed bars are the averages + SEM for three
experiments. The CAT activity of SV2-CAT without treatment with
Bt,cAMP was taken as one hundred units. (Lower panel) The 3

| S-RR|SV-CAT and 3 < [B-RR|SV-CAT plasmids were transfected
into CV -1 cells with or without Ad4BP and PKA expression plasmids,
as described under “MATERIALS AND METHODS.” pCAT and
SV2.-CAT were also transfected as controls. The CAT activities
indicated by closed bars are the averages+ SEM for three experi-
ments. The CAT activity of SV2-CAT without cotransfection of
Ad4BP and PKA was taken as 100 units.

way with the putative basal promoter of the CYP11A gene
(lower panel of Fig. 7). The CAT activities of the former
two recombinant plasmids are summarized in the upper
panel of Fig. 7 with those of p751.5H-CAT and
p7/30.1S-CAT as controls. p750.1S-CAT, that contained
the basal promoter alone, showed low level transcriptional
activity in both Y-1 and I-10 cells. 3 [B-RR] and 3 x
[S-RR] when attached to p7,30.1S-CAT enhanced the basal
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activity 7- and 16-fold in Y-1 cells, and 5- and 50-fold in
I-10 cells, respectively. 3 x | B-RR] attached to pS46-CAT
showed similar responses, i.e., 9- and 5-fold enhancement
of the basal activity in Y-1 and [-10 cells, respectively. All
these constructs also responded to cAMP. On the contrary,
3% [S-RR] when attached to pS46-CAT did not show any
enhancement of either basal transcriptional activity or
cAMP responsiveness. Although the distal promoter of
CYP11B was functional with both the CYP11A and
CYP11B basal promoter regions, the CYP11A distal pro-
moter was not functional with the CYP11A basal promoter,
indicating that the two distal promoters require basal
promoters with different structures. In contrast with the
results described above (19), these observations indicated
that the 46 bp fragment of the CYP11A promoter region
was insufficient for the functional interaction with the distal
promoter of CYP11A, although the reason for the discrep-
ancy remains to be determined.

Although both of the CYP genes used in this study are
expressed in steroidogenic tissues, the cell-type specificity
of the expression in steroidogenic tissues differs. Namely,
the CYP11A gene is expressed in many steroidogenic
tissues, while the CYP11B gene is expressed only in the
adrenal cortex. Comparison of the structures and functions
of the two distal promoters was expected to reveal at least
in part the mechanism which controls the cell-type specific
transcription in steroidogenic tissues. A functional differ-
ence between the two distal promoters was observed in1-10
cells, when they were attached to the CYP11B basal
promoter. Although both of the CYP genes are transcribed
in the adrenal cortex, the CYP11B gene is inactive in
testicular Leydig cells. 3 x [S-RR] greatly enhanced the
transcription, when compared with 3x [B-RR], in I-10
cells, showing a good correlation with the different cell-type
specificity of the expression of the CYP11A and CYP11B
genes. However, only the function of the CYP11B distal
promoter might be insufficient for adrenal specific expres-
sion of the gene, because 3x [B-RR]B125-CAT and 3 x
[B-RR]S46-CAT were significantly active.

Characterization of the CYP11A Basal Promoter—Since
the 46 bp fragment was insufficient for expression of the
function of the distal promoter of the CYP11A gene, we
constructed two additional recombinant plasmids, 3
[S-RR|S57-CAT and 3 x [ S-RR]S130-CAT, which have 57
and 130 bp of the CYP11A upstream region, respectively.
As shown in Fig. 8, 3x [S-RR]| attached to pS57-CAT
acquired the transcriptional activity and the responsive-
ness to cAMP in both Y-1 and I-10 cells. 3x[S-RR]
attached to the pS130-CAT showed almost the same
response compared with 3x [S-RR]S57-CAT. The 11
nucleotides from —57 to —46 bp in the CYP11A upstream
region seem to be necessary for the basal promoter func-
tion.

Since the CYP11A gene upstream regions of four animal
species, man (11), cow (9), rat (40), and mouse (41), have
been reported, we compared the nucleotide sequences of
the basal promoter regions. As shown in Fig. 9a, three
highly conserved regions are present in the regions up to
—60bp. In addition to TATA box and the Ad4 site (— 37
—45) [or SF-1 (38)], a sequence, —58 to —50 bp, is
conserved in all the animal species, suggesting the func-
tional importance of region —58/—50. To investigate the
factor binding to region — 58/ — 50, gel shift analyses were
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performed with a synthetic oligonucleotide probe (S-1),
corresponding to —62 to —30 bp of the CYP11A basal
promoter region (Fig. 9a). Since preliminary gel shift
analysis revealed faint signals in addition to that of Ad4,
suggesting the formation of other complexes with the probe
DNA (data not shown), we investigated the gel shift
analysis conditions for detecting the complexes clearly.
When increasing amounts of the nuclear extract, up to 50
ng, were used, the Ad4 signal showed maximum intensity
with 2 to 20 ug of nuclear extract and gradually decreased
with increasing amounts of the nuclear extract over 30 ug
(Fig. 9b). In contrast, other signals (upper and middle
signals in Fig. 9b) appeared with over 30 xg of the nuclear
extract.

Under the conditions when the upper signal was clearly
detected, other gel shift analyses were performed with
three oligonucleotides, S-1, S-2, and S-3, to reveal which
signals are derived from the two conserved regions (Fig.
9a). As shown in Fig. 9c¢, only the middle signal was
detected with probe S-2, whereas an intense Ad4 signal and
a faint signal corresponding to the middle signal were

detected with probe S-3. The upper signal was competed
out on the addition of a 50-molar excess of unlabeled S-2, in
which mutations were introduced to the Ad4 site, whereas
the Ad4 signal increased conversely. On the addition of a
100-molar excess of unlabeled S-3, in which nucleotides
—58 to —50bp were substituted, the Ad4 signal was
competed out with a concomitant decrease in the upper
signal. The middle signal remained, however, even in the
presence of these competitors. These results obtained on
the gel shift analyses revealed that the upper signal was
formed by the combined participation of Ad4BP and
another unknown protein(s). Although we cannot explain
the presence of the middle signal in the competition assay
with S-2, the nuclear extract seems to contain a factor
binding to the — 58/ —50 region. As described above, it was
suggested that the region from —57 to —46 bp of the
CYP11A basal promoter has cis-element(s) necessary for
the transcriptional activity of the distal promoter. The
occurrence of the nuclear protein binding to the region
(—57to —40 bp) indicated by the gel shift analyses showed
a good correlation with the results of the functional anal-
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Fig. 9. (a) Alignment of the 5 upstream sequences of the
human, mouse, bovine, and rat CYP11A genes, and synthetic
oligonucleotide sequences for the gel shift assay. The upstream
regions of the human (11), mouse (41), bovine (9), and rat (40) genes
are aligned. Gaps were introduced to maximize sequence identity.
The bases identical in the four animals are indicated by shaded boxes.
Three highly conserved regions (TATA box, Ad4, and Region —58
50) are indicated by brackets. The numbers over the alignment
correspond to the positions from the transcription initiation site of the
human CYP11A gene. Under the alignment, the nucleotide sequences
of the three synthetic oligonucleotides, S-1, S-2, and S-3, used for the
gel shift assay are shown. Nucleotide S-1 corresponds to —62 to — 30
bp of the human CYP11A gene promoter. The Ad4 site and Region
—58/—50 are mutated in S-2 and S-3, respectively. The nucleotide
substitutions indicated by dots were introduced into the S-1 oligonu-

cleotide to make S-2 and S-3. (b) Gel shift assay with a synthetic probe, S-1. Increasing amounts (0 to 50 1g) of a nuclear extract prepared
from bovine adrenal cortex were used for the gel shift assay. Three bands are indicated by arrows. The lower band corresponds to the Ad4 signal.
(c) Gel shift assay with probes S-1, S-2 and S-3. (Left panel) The gel shift assay was performed with probes S-1, S-2, and S-3. Forty
micrograms of nuclear extract was used to detect the three different complexes indicated by arrows. (Right panel) A competition assay was
performed with S-2 and S-3 as competitors, S-1 being used as the probe. A 100 molar excesses of unlabeled nucleotide S-2 or S-3 was added

to the binding reaction mixture.

yses. A protein complex on the basal promoter may be
necessary for the interaction between the basal and distal
promoters of the CYP11A gene.

Two cis-elements in the CYP11A basal promoter region,
basic transcription element (BTE), originally identified in
the rat CYP1A1 gene promoter (42), and cAMP responsive
sequence (CRS) (43), were reported previously. A BTE
homologue was reported to be located at —86 to —71 bp,
whereas the transcriptional activity of the sequence was not
detected in this study. CRS was also reported to be acAMP
responsive sequence located at —118 to —100 bp in the
bovine CYP11A promoter region. Likewise, we did not find
transcriptional activity in the CRS-containing region. The
discrepancy between this study and the previous ones
might have been caused by the different reporter plasmids
used. For the functional analysis of CRS, OVEC, which has
a minimal promoter of the J3-globin gene, was used,
whereas we used the native CYP11A and CYP11B pro-
moter regions in this study.

Recently, Moore et al. (44) identified, in the human
CYP11A gene, a powerful basal element between —152
and — 142, a repressor element between —177 and — 152,
and a forskolin-responsive region between — 108 and — 89,
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which express their own functions specifically in JEG-3
choriocarcinoma cells. Our observations concerning the
basal promoter elements agree with their report, which
described the absence of the functions in the three regions
in Y-1 cells. The CYP11A gene is transcribed in almost all
steroidogenic cells, although the functions of the cells are
different. Different cis-elements in the CYP11A gene seem
to be functional in different cell types.

In this study, we identified two distal promoters in the
human CYP11A and bovine CYP11B genes, which trigger-
ed the transcription of the genes in heterologous as well as
homologous combinations with the basal promoters in both
the presence and absence of cAMP. The distal promoters
containing Ad4 sites expressed their functions only in
steroidogenic cells, indicating the significant contributions
of the Ad4 sites and Ad4BP to the tissue-specific expression
of the CYP11A and CYP11B genes. On the other hand,
these distal promoters showed different requirements for
the basal promoters. The difference in the interactions
between the distal promoters and the basal promoters is
interesting in view of the expression of the CYP11A and
CYP11B genes in different tissues.




202

We wish to thank Dr. Shigematsu for his advise and encouragement
during this study. We also thank Dr. G.S. McKnight (University of
Washington, Seattle) for the generous giftof the expressionvector for
the catalytic subunit of protein kinase A.

REFERENCES

1. Simpson, E.R. and Waterman, M.R. (1988) Regulation of the
synthesis of steroidogenic enzymes in adrenal cortical cells by
ACTH. Annu. Rev. Physiol. 50, 427 440

2. Richard, J.S. and Herdin, L. (1988) Molecular aspects of hor-
mone action in ovarian follicular development, ovulation, and
luteinization. Annu. Rev. Physiol. 50, 441-463

3. Dufau, M.L. (1988) Endocrine regulation and communicating
functions of the Leydig cell. Annu. Rev. Physiol. 50, 483-508

4. Handler, J.D., Schimmer, B.P., Flynn, T.R., Szyf, M., Seidman,
J.G., and Parker, K.L. (1988) An enhancer element and a
functional cyclic AMP dependent protein kinase are required for
expression of adrenocortical 21-hydroxylase. JJ. Biol. Chem. 263,
13068 13073

5. Inoue, H., Higashi, Y., Morohashi, K., and Fujii-Kuriyama, Y.
(1988) The 5'-flanking region of the human P-450 (SCC) gene
shows responsiveness to cAMP-dependent regulation in a tran-
sient gene expression system of Y-1 adrenal tumor cells. Eur. oJ.
Biochem. 171, 435 440

6. Mouw, A.R., Rice, D.A., Maede, J.C., Chua, S.C., White, P.C.,
Schimmer, B.P., and Parker, K.L. (1989) Structural and func-
tional analysis of the promoter region of the gene encoding mouse
steroid 11/3-hydroxylase. /. Biol. Chem. 264, 1305 1309

7. Chung, B.C., Hu, M.C., Lai, C.C., and Lin, C.H. (1989) The
5 -region of the P450XIAl (P450scc) gene contains a basal
promoter and an adrenal-specific activating domain. Biochem.
Biophys. Res. Commun. 160, 276-281

8. Kagawa, N. and Waterman, M.R. (1990) cAMP-dependent
transcription of the human CYP21B (P450c;,) gene requires a
cis-regulatory element distinct from the consensus cAMP-
regulatory element. J. Biol. Chem. 265, 11299-11305

9. Ahlgren, R., Simpson, E.R., Waterman, M.R., and Lund, J.
(1990) Characterization of the promoter/regulatory region of the
bovine CYP11A (P-450scc) gene. oJ. Biol. Chem. 265, 3313 3319

10. Lund, J., Ahlgren, R., Wu, D., Kagimoto, M., Simpson, E.R., and
Waterman, M.R. (1990) Transcriptional regulation of the bovine
CYP17 (P-450,;,) gene. Identification of two cAMP regulatory
regions lacking the consensus cAMP-responsive element (CRE).
J. Biol. Chem. 265, 3303 3312

11. Moore, C.C.D., Brentano, S.T., and Miller, W.L. (1990) Human
P450scc gene transcription is induced by cAMP and repressed by
12-O-tetradecanoylphorbol-13-acetate and A23187 through in-
dependent cis-element. Mol. Cell. Biol. 10, 6013-6023

12. Kawamoto, T., Mitsuuchi, Y., Toda, K., Miyahara, K., Yoko-
yama, Y., Nakao, K., Hosoda, K., Yamamoto, Y., Imura, H., and
Shizuta, Y. (1990) Cloning of cDNA and genomic DNA for human
cytochrom P-450,,3. FEBS Lett. 269, 345-349

13. Morohashi, K. and Omura, T. (1990) Tissue-specific transcrip-
tion of P-450 (1143) gene in vitro. J. Biochem. 108, 1050 1056

14. Kirita, S., Hashimoto, T., Kitajima, M., Honda, S., Morohashi,
K., and Omura, T. (1990) Structural analysis of multiple bovine
P-450 (1143) genes and their promoter activities. JJ. Biochem.
108, 1030 1041

15. Honda, S., Morohashi, K., and Omura, T. (1990) Novel cAMP
regulatory elements in the promoter region of bovine P-450
(113) gene. J. Biochem. 108, 1042 1049

16. Zanger, U.M., Lund, J., Simpson, E.R., and Waterman, M.R.
(1991) Activation of transcription in cell-free extracts by a novel
cAMP-responsive sequence from the bovine CYP17 gene. J. Biol.
Chem. 266, 11417-11420

17. Youngblood, G.L. and Payne, A.H. (1992) Isolation and charac-
terization of the mouse P450 17a-hydroxylase/C,; »,-lyase gene
(Cyp17): Transcriptional regulation of the gene by cyclic adeno-
sine 3,5 -monophosphate in MA-10 Leydig cells. Mol. Endo-
crinol. 6, 927-934

18. Montminy, M.R., Gonzalez, G.A., and Yamamoto, K.K. (1990)

19:

K. Takayama et al.

Regulation of ¢cAMP-inducible genes by CREB. TINS 13, 184
188

Inoue, H., Watanabe, N., Higashi, Y., and Fujii-Kuriyama, Y.
(1991) Structures of regulatory regions in the human cytochrome
P-450scc (desmolase) gene. Eur. J. Biochem. 195, 563 569

. Hashimoto, T., Morohashi, K., Takayama, K., Honda, S., Wada,

T., Handa, H., and Omura, T. (1992) Cooperative transcription
activation between Ad1, CRE-like element, and other elements
in CYP11B gene promoter. J. Biochem. 12, 573 575

. Watanabe, N., Kitazume, M., Fujisawa, J., Yoshida, M., and

Fujii-Kuriyama, Y. (1993) A novel cAMP-dependent regulatory
region including a sequence like the cAMP-responsive element,
far upstream of the human CYP21A2 gene. Eur. J. Biochem. 214,
521=531

. Brentano, S.T., Picado-l.eonard, J., Mellon, S.H., Moore,

C.C.D., and Miller, W.L. (1990) Tissue-specific, cAMP-induced,
and phorbol ester repressed expression from the human P450¢17
promoter in mouse cell. Mol. Endocrinol. 4, 1972 1979

. Zanger, U.M., Kagawa, N., Lund, J., and Waterman, M.R.

(1992) Distinct biochemical mechanism for cAMP-dependent
transcription of CYP17 and CYP21. FASEB J. 6, 719 723

. Wilson, T.E., Mouw, A.R., Weaver, C.A., Milbrandt, J., and

Parker, K.L. (1993) The orphan nuclear receptor NGFI-B regu-
lates expression of the gene encoding steroid 21-hydroxylase.
Mol. Cell. Biol. 13, 861-868

25. Morohashi, K., Zanger, U.M., Honda, S., Hara, M., Waterman,

M.R., and Omura, T. (1993) Activation of CYP11A and CYP11B
gene promoters by the steroidogenic cell-specific transcription
factor, Ad4BP. Mol. Endocrinol. 7, 1196 1204

. Rice, D.A., Mouw, A.R., Bogerd, A.M., and Parker, K.L. (1991)

A shared promoter element regulates the expression of three
steroidogenic enzymes. Mol. Endocrinol. 5, 1552-1561

. Morohashi, K., Honda, S., Inomata, Y., Handa, H., and Omura,

T. (1992) A common trans-acting factor, Ad4-binding protein, to
the promoters of steroidogenic P-450s. J. Biol. Chem. 267,
1791317919

. Fitzpatrick, S.L. and Richard, J.S. (1993) Cis-acting elements of

the rat aromatase promoter required for cyclic adenosine
3,5 -monophosphate induction in ovarian granulosa cells and
constitutive expression in R2C Leydig cells. Mol. Endocrinol. 7,
341 354

29. Honda, S., Morohashi, K., Nomura, M., Takeya, M., Kitajima,

30.

31.

33.

34.

35.

36.

37.

M., and Omura, T. (1993) Ad4BP-regulating steroidogenic P-450
genes is a member of steroid hormone receptor superfamily. oJ.
Biol. Chem. 268, 7494 7502

Garas, D. and Schmitz, A. (1978) DNase footprinting: A simple
method for the detection of protein-DNA binding specificity.
Nucleic Acids Res. 5, 3157 3170

Gorski, K., Carneiro, M., and Schibler, U. (1986) Tissuc-specific
in vitro transcription from the mouse albumin promoter. Cell 47,
167=776

. Delegeane, A.M., Ferland, L.H., and Mellon, P.L.. (1987)

Tissue-specific enhancer of the human glycoprotein hormone
a-subunit gene: Dependent on cyclic AMP-inducible elements.
Mol. Cell. Biol. 7, 3994-4002

Steffen, F. and Silke, M. (1991) Compilation of vertebrate-
encoded transcription factors. Nucleic Acids Res. 20, 3 26
Descombes, P., Chojkier, M., Lichtsteiner, S., Falvey, E., and
Schibler, U. (1990) LAP, a novel member of the C/EBP gene
family, encodes a liver-enriched transcriptional activator pro-
tein. Genes Dev. 4, 1541 1551

Poli, V., Mancini, F.P., and Cortese, R. (1990) IL-6DBP, a
nuclear protein involved in interleukin-6 signal transduction,
defines a new family of leucine zipper proteins related to C/EBP.
Cell 63, 643 653

Shizuo, A., Isshiki, H., Sugita, T., Tanabe, O., Kinoshita, S.,
Nishio, Y., Nakajima, T., Hirano, T., and Kishimoto, T. (1990) A
nuclear factor for IL-6 expression (NF-IL.6) is a member of a C/
EBP family. EMB@® J. 9, 18971906

Mellon, P.L., Clegg, C.H., Correll, L.A., and Mcknight, G.S.
(1989) Regulation of transcription by cyclic AMP-dependent
protein kinase. Proc. Natl. Acad. Sci. USA 86, 4887 4891

J. Biochem.

Distal Promoters of the CYPI11A and CYP11B Genes

38. Lala, D.S., Rice, D.A., and Parker, K.L.. (1992) Steroidogenic
factor I, a key regulator of steroidogenic enzyme expression, is
the mouse homolog of fushi tarazu-factor I. Mol. Endocrinol. 6,
1249 1258

39. Morohashi, K., lida, H., Nomura, M., Hatano, O., Honda, S.,
Tsukiyama, T., Niwa, O., [Tara, T., Takakusu, A., Shibata, Y.,
and Omura, 1. (1994) Functional difference between Ad4BP and
ELP, and their distributions in steroidogenic tissues. Mol
Endocrinol., in press

40. Ocnk, R.B., Parker, K.L., Gibson, J.1.., and Richard, J.S. (1990)
Rat cholesterol side-chain cleavage cytochrome P450 (P450scc)
gene. Structure and regulation by cAMP in vitro. J. Biol. Chem.
265, 22392 22401

41. Rice, D.A., Kirkman, M.S., Aitken, L..DD., Mouw, A.R., Schim-
mer, B.P., and Parker, K.L.. (1990) Analysis of the promoter
region of the gene encoding mouse cholesterol side-chain cleavage
enzyme. oJ. Biol. Chem. 265, 11713 11720

42. Yanagida, A., Sogawa, K., Yasumoto, K., and Fujii-Kuriyama,
Y. (1990) A novel cis-acting DNA element required for a high
level of inducible expression of the rat P-450c¢ gene. Mol. Cell.
Biol. 10, 1470 1475

43. Momoi, K., Waterman, M.R., Simpson, E.R., and Zanger, U .M.
(1992) 3'.5"-cyclic adenosine monophosphate-dependent tran-
scription of the CYP11A (cholesterol side chain cleavage cyto-

Vol. 116, No. 1, 1994

44,

45.

46.

47.

48.

203

chrome P-450) gene involves a DNA response element containing
a putative binding site for transcription factor Spl. Mol. Endo-
crinol. 6, 1682 1690

Moore, C.C.D., Hum, D.W_, and Miller, W.L.. (1992) Identifica-
tion of positive and negative placenta specific basal elements and
a cyclic adenosine 3',5 -monophosphate response element in the
human gene for P450scc. Mol. Endocrinol. 6, 2045 2058
Maxam, A.M. and Gilbert, W. (1980) Sequencing end-labeled
DNA with base-specific chemical cleavages. Methods Enzymol.
65, 499 560

Ariga, H., Imamura, Y., and Iguchi-Ariga, S. (1989) DNA
replication origin and transcriptional enhancer in c-myc gene
share the c-myc protein binding sequences. EMBO .J. 8, 4273
4279

Watanabe, H., Imai, T., Sharp, P.A., and Handa, H. (1988)
Identification of two transcription factors that bind to specific
elements in the promoter of the adenovirus Ealry-Region 4. Mol.
Cell. Biol. 8, 1290 1300

Nelson, D.R., Kamataki, T., Waxman, D..J.. Guengerich, P.F..
Estabrook, R.W., Feyereisen, R., Gonzalez, F.J.. Coon, M.dJ.,
Gunsalus, [.C., Gotoh, 0., Okuda, K., and Nebert, D.W. (1993)
The P450 superfamily: Update on new sequences, gene mapping.
accession numbers, early trivial names of enzymes, and nomen-
clature. DNA Cell. Biol. 12,1 51






	0001
	0002
	0003
	0004
	0005
	0006
	0007

