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It has been demonstrated that the mammalian
d4BP/SF-1 (NR5A1) gene is regulated precisely in
ex, tissue, and developmental stage specific manners.
o clarify the complex transcriptional regulation, we

nvestigated in the present study whether the gene
ranscription is regulated by multiple promoters ac-
ompanied by noncoding first exons. Novel first exons
Io and Ig) were identified downstream of the already
dentified exon Ia. Nucleotide sequences revealed that
a and Ig exons were well conserved, whereas Io exon
as less conserved among the mouse, rat, and human
enes. Interestingly, the splice donor of the mouse and
uman Io and human Ig exons do not satisfy the con-
ensus sequence. Transcripts containing Ia, Io, and Ig
ere detected in all rat tissues examined, while the

ranscript containing Io was undetectable in the cor-
esponding tissues of mice. The lack of exon Io usage
n the mouse was confirmed by transient transfection
ssays with cultured cells. Quantitative RT-PCR anal-
sis revealed that the transcript containing Ig exon
as the main product in the pituitary but significantly

ess in the spleen, suggesting that the regulation of
d4BP/SF-1 gene transcription in the pituitary and
pleen is distinct from that of other tissues. The above
ndings, together with the structural abnormality at
he splice donor site, suggest that acquisition of the
ultiple first exons enables the Ad4BP/SF-1 gene to be

egulated differentially in different animal species
nd in different tissues in the same animal. © 2000

cademic Press

Key Words: Ad4BP/SF-1; nuclear receptor; transcrip-
ion factor; steroidogenic tissue; tissue specificity;
ultiple exon.
63
he steroidogenic CYP (P450) genes identified Ad4BP/
F-1 encoded by the NR5A1 (1) gene as a steroidogenic
issue (adrenal cortex and gonads) specific transcrip-
ion factor. Extensive analyses of the functions of
d4BP/SF-1 have clarified that the transcription factor
overns the expression of several genes necessary for
he functions of the steroidogenic tissues such as the
teroidogenic CYP, 3b-HSD, StAR, MIS, Dax-1, etc. (2,
). In addition to these tissues, the expression of
d4BP/SF-1 has been confirmed in the pituitary gona-
otroph, ventromedial hypothalamic nucleus (4–6)
nd recently in the spleen (7, 8). Although the func-
ional significance of Ad4BP/SF-1 in the latter two
issues remain to be clarified, that in the gonadotroph
s known to regulate gonadotropin, LH and FSH, gene
ranscription (9–11). Another prominent function of
d4BP/SF-1 was clearly demonstrated by the pheno-

ype of the gene disrupted mice that suffer from simul-
aneous agenesis of the adrenal gland and gonads from
he early stages of tissue differentiation. These mice
lso display structural and functional abnormalities in
he pituitary, ventromedial hypothalamic nucleus, and
pleen (6, 7, 12, 13). Thus, there is a general agreement
hat Ad4BP/SF-1 is one of the genes essential for the
roper development of those tissues. Evidence for such
rucial functions of Ad4BP/SF-1 was provided in part
y the finding that the expression of Ad4BP/SF-1 was
etectable in the primordial cells of the steroidogenic
issues (14–16). Although genes downstream of
d4BP/SF-1 in the primordial cells have not yet been

dentified, it is likely that the transcription factor is
mplicated in regulation of a set of genes essential for
issue differentiation. In this regard, it is noteworthy
0006-291X/00 $35.00
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that Ad4BP/SF-1 regulates critically, both in vitro and
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n vivo, the expression of the Dax-1 gene (NR0B1)
17–19), which was identified as the responsible gene
or adrenal hypoplasia congenita and hypogonado-
ropic hypogonadism (20, 21). The expression profile of
d4BP/SF-1 is also characterized by its sexual dimor-
hism. Namely, higher amounts of Ad4BP/SF-1 were
resent in the fetal testes than in the corresponding
tages of the ovaries after gonad sex differentiation,
hile such sexually dimorphic expression was unde-

ectable in the adrenal cortex and the sexually indif-
erent gonads (14, 15).

These observations concerning the function and ex-
ression of Ad4BP/SF-1 strongly suggested that under-
tanding the mechanisms underlying the spacio-
emporal and sexually dimorphic expression is the next
ssue to be addressed. Studies from this aspect demon-
trated that an E-box and CCAAT box (22–25) at the 59
pstream of the Ad4BP/SF-1 gene is functional as a
rucial, probably basic, element for the transcription.
o our knowledge, however, there are no studies that
ave previously elucidated the mechanism of the
pacio-temporal and sexually dimorphic expression. In
he present study, we demonstrated the presence of
ovel first exons in the Ad4BP/SF-1 gene and provided
vidences that the first exons are used in species-
pecific and tissue-specific manners.

ATERIALS AND METHODS

59-RACE. Various adult and fetal tissues including the adrenal
lands, testes, ovaries, hypothalamuses, pituitaries, spleens, and
ivers were isolated from rats and mice. Total RNAs were prepared
rom the tissues by the acid-guanidium thiocyanate-phenol-
hloroform method (26). A proportion of the RNAs prepared from the
at fetal tissues were subjected to 59-RACE using 59-AmpliFINDER
ACE Kit (Clontech, Palo Alto, CA). Primer, AdEL-1R2, correspond-

ng to a nucleotide sequence in the third exon of the rat Ad4BP/SF-1
ene was used to prime a reverse transcriptase reaction. After am-
lification of the cDNA using the method recommended by the sup-
lier, the DNA was cloned into pUC19 for nucleotide sequencing.

RT-PCR. Synthesis of the first stranded cDNAs was performed
s described previously (27). For amplification of the transcript con-
aining exon Ia of the rat Ad4BP/SF-1 gene, 25 cycles of PCR (94°C,
0°C, and 72°C each for 30 s) were performed with a set of primers,
AP1 and RR3. For amplification of the transcripts containing exon

o and Ig, 35 cycles of PCR (94°C, 60°C, and 72°C each for 30 s) were
erformed with sets of primers, ROP1 and RR3, and RGP1 and RR3,
espectively. For the mouse gene transcript containing exon Ia, 25
ycles of PCR (94°C, 62°C, and 72°C each for 30 s) were performed
ith primers, MAP1 and MR22. For the transcripts containing exon

g, 35 cycles of PCR (94°C, 70°C, and 72°C each for 30 s) were
erformed with primers, MGP1 and MR22. For transcripts contain-
ng exon Io, 35 cycles of PCR (94°C, 66°C, and 72°C each for 30 s)
ere performed with primers, MOP1 and MR22. The PCR products
ere electrophoresed, followed by Southern blot analyses probed
ith digoxygenin (DIG) (Boehringer Mannheim, Mannheim, Ger-
any) labeled oligonucleotides; RMAP1 for the rat and mouse exons

a, RMGP1 for the rat and mouse exons Ig, RGP2 for the rat exon Io,
nd MOP2 for the mouse exon Io. As a control, b-actin transcript was
mplified with a set of primers, b A1 and b A1R, by 25 cycles of PCR
64
yzed by probing with DIG-labeled b A2. The sequences of the prim-
rs and probes are described below.

Quantitative analyses by RT-PCR. For quantitative RT-PCR,
tandard DNA fragments containing exon Ia and Ig of the mouse
d4BP/SF-1 were prepared as follows. DNA fragments containing
xon Ia and Ig were amplified by PCR with MAP2 corresponding to
sequence in exon Ia and MR32 corresponding to a sequence in the

hird exon, and with MGP4 corresponding to a sequence in the exon
g and MR32, respectively. After the PCR products were cloned into
GEM-T (Promega, Madison, WI), the fragments were recovered
rom agarose gel. The amounts of DNA fragments were photometri-
ally determined. Serial dilutions ranging from 103 to 108 molecules
n reaction mixtures were prepared as the standards for quantitative
CR.
One microgram of the RNA was reverse-transcribed into cDNA
ith a primer, MR33, corresponding to a sequence in the third exon,
nd Superscript II RNaseH(2) reverse transcriptase (Life Technol-
gies, Rockville, MD) in a final volume of 20 ml according to the
rotocol provided by the supplier. The first-stranded cDNA was
iluted with 80 ml of 10 mM Tris–HCl (pH 7.5) containing 1 mM
DTA, and then used as templates for the following quantitative
CR. PCR amplification was performed using LightCycler (Roche
iagnostics, Mannheim, Germany). In this assay, the amounts of
CR products are monitored at every cycle of the reaction by detect-

ng increasing fluorescence. The reaction mixture consisted of certain
mount of the cDNA, 0.5 mmol of a set of primers (MR22 and MAP1,
nd MR22 and MGP1 for the transcript carrying exon Ia and exon Ig,
espectively), 13 SYBR Green I master mix (Roche Molecular Bio-
hemicals) containing dNTP, Taq DNA polymerase, 3 mM MgCl2,
nd TaqStart antibody (Clontech). All amplification reactions were
erformed under identical conditions (95°C for 0 s and 68°C for 20 s)
fter denaturation at 95°C for 2 min. After each elongation at 68°C,
uorescence of SYBR Green I was measured at 88°C for 3 s. Purity
f the products was examined by generating a melting curve accord-
ng to the protocol recommended by the manufacture and by agarose
el electrophoresis. As standards, a dilution series of cDNA frag-
ents containing Ia, Io, or Ig was used in each PCR run. Quantita-

ive analyses were performed with the LightCycler quantification
oftware v3.0 according to instructions provided by the manufac-
urer. RNA extraction, cDNA preparation and quantitative PCR
ere all performed in triplicate.

Transfection of Ad4BP/SF-1 gene and analysis of product. The
.9-kb-long segment upstream from the second exon of the mouse
d4BP/SF-1 gene was ligated into p00CAT (28) to produce
Ad4ECAT. rAd4ECAT2.0K contains an upstream region from the

econd exon of the rat gene as described (22). These CAT reporter
ene constructs were transfected into mouse Y-1 adrenocortical tu-
or cells (29) to investigate which of the first exons is transcribed.
T-PCR using an RNA prepared from cells transfected with
Ad4ECAT2.0K was performed with sets of primers, RAP1 and
AT1, ROP1 and CAT1, and RGP1 and CAT1, to amplify the rat
eporter gene transcript containing exon Ia, Io, and Ig, respectively.
or analyses of the transcripts from mAd4ECAT, RT-PCR was per-

ormed with sets of primers, MAP1 and CAT1, MOP1 and CAT1, and
GP1 and CAT1, to amplify the Ia, Io, and Ig exons of the mouse

eporter gene products, respectively. The mRNAs containing exon Ia,
o, and Ig transcribed from the endogenous Ad4BP/SF-1 gene of
ouse Y-1 cells were amplified using three sets of primers, MAP1

nd MR22, MOP1 and MR22, and MGP1 and MR22, respectively.
hirty-five cycles of PCR (94°C, 60°C, and 72°C each for 30 s) were
erformed with all the PCRs. The resultant DNAs were subjected to
outhern blot analyses probed with a DIG-labeled CAT3 oligonucle-
tide for detection of transcripts from the CAT reporter gene con-
tructs while probed with a DIG-labeled MR2S oligonucleotide for
etection of the transcript from the endogenous Ad4BP/SF-1 gene.
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Probes and primers. All oligonucleotides used for primers and
robes are as follows: RAP1, AGTGTCCACCCTTATCCG; ROP1,
TGAGAGTATGGTGTTCCGTG; RGP1, TTGCCCACCACCCCA-
TCATG; RGP2, CAGAGGCAAGCCAGACACTC; RR3, TCTTG-
CGATTTTGCAGCTC; RMAP1, CACCCTTATCCGGCTGAGAAT;
MGP1, GCTTCGGAG GATCGAGCTG; MAP1, CCGCTGCTGGGT-
AAGAAGTT; MAP2, CCCGCCCGCTGCTGGGTGAAG; MOP1,
GGTGGTTGGTGGTGTCTTAG; MOP2, AGGGTGTGGTGTTCT-
TGTC; MGP1, AGGCCTCGGCACCCCTAAACTG; MGP4, TCC-
GTTTTTCCTTGCTCACC; MR22, CCCGTAGTGGTAGCCCGA-
AC; MR32, GCCACCGTCAGCACTTCTGA; MR33, CGGTG-
ACGTGTAATGCTTGT; MR2S, TCCAGGTCCTCGTCGTAC; bA1,
CTGTATTCCCCTCCATCGTG; bA1R, CGGTTGGCCTTAGGGT-
CAGG; bA2, TCTACAATGAGCTGCGTGTG; CAT1, CATATCAC-
AGCTCACCGTC; CAT III, TAGCTCCTGAAAATCTCGCC.

ESULTS

dentification of Novel First Exons
in Ad4BP/SF-1 Gene

We have previously demonstrated that the rat
d4BP/SF-1 gene has a noncoding first exon (Ia) at
pproximately 3 kb upstream from the second exon
here translation starts (22). In addition, embryonal

ong-terminal repeat binding protein (ELP), which is a
roduct from the same Ad4BP/SF-1 gene, was tran-
cribed from a distinct start site directly upstream
rom the second exon (Fig. 1) (30). Further studies by
inomiya et al. (31) clarified the presence of another
rst exon (referred to as Ix in Fig. 1) upstream from the
econd exon. Considering complex transcription start
ites are present in the gene, we first investigated
hether the gene has first exons other than those

dentified so far. DNA fragments obtained by 59-RACE
ith the RNAs prepared from adrenal glands, testes,
nd ovaries of rat fetuses were subjected to nucleotide

FIG. 1. Structures of the rat, mouse, and human Ad4BP/SF-1
enes. Genomic organization covering the first (Ia, Io, Ig, and Ix) to
he second exons (II) of the Ad4BP/SF-1 gene of rat, mouse, and
uman is shown. Boxes indicate the locations and sizes of exons. As
escribed in the text, the mouse Io and human Io and Ig exons shown
s open boxes are unlikely active exons because of the disrupted
plice donor sequences at their 39 termini.
65
ents contained exon Ia, two novel nucleotide se-
uences were found with certain frequency. The newly
dentified first exons were tentatively designated Io
nd Ig. Thus, together with the first exons identified by
he previous studies, the Ad4BP/SF-1 gene has at least
ve distinct first exons, Ia, Io, Ig, Ix, and directly up-
tream from the second exon.
To locate these exons and compare their nucleotide

equences among animal species, we determined the
equences upstream from the second exon of the rat,
ouse, and human Ad4BP/SF-1 genes (accession num-

ers are AB009575 for the rat, AB009576 for the
ouse, and AB009577 for the human gene). Based on

he homology of the nucleotide sequences, the locations
f these first exons of the mouse and human were
redicted from the rat gene (Fig. 2). As a structural
eature common to the three animal species, G/C rich
egions, where CpG dinucleotide appeared at a high
requency, were observed at a region covering from
xon Ig to the second exons (data not shown). With
espect to the sequence homology among the animal
pecies, the second exons encoding amino acids show
igh homology, as expected, while noncoding exons Ia,
g, and Ix are moderately conserved. Exon Io, however,
hows less homology compared with the other first
xons (Table I). A marked difference is noticed at the
plice donor sequences. Although the splice donor con-
ensus “GTPuPuPu” (32) is completely satisfied in the
ase of exon Ia (GTAAG for the three animals) and
robably satisfied in Ix (GTGCG for the three animals)
f all these animal genes, the corresponding regions of
he other first exons do not always satisfy the consen-
us. Namely those of the human and mouse exons Io
GGCTC for the human and GGAGG for the mouse)
nd the human exon Ig (GGATG) have sequences dis-
inct from the consensus (Fig. 2).

irst Exon Usage in Cultured Cells

Considering that abnormal splice donor sequences
ccurred at exons Io and Ig, the next question was
hether these exons of the mouse and human genes
re functional similar to the corresponding exons of the
at gene. To address this issue, we transfected the CAT
eporter gene constructs carrying all the first exons of
he rat (Ad4ECAT2.0K) and mouse (mAd4ECAT)
d4BP/SF-1 genes (Fig. 3A) into mouse adrenocortical
-1 cells, in which the endogenous Ad4BP/SF-1 gene is
ept active for transcription (33). After transfection of
he CAT reporter gene constructs, RNAs prepared from
-1 cells were amplified by RT-PCR with primers for
ach first exon and the CAT gene. Subsequently, the
roducts were subjected to blotting analyses probed
ith oligonucleotides, CAT3 for the transgenes and
R2S for the endogenous gene (Fig. 3A). The endoge-

ous Ad4BP/SF-1 gene transcript in Y-1 cells was ex-
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FIG. 2. Alignment of the nucleotide sequences of exons Ia, Io (upper), and Ig (lower) of the human (top), mouse (middle), and rat (bottom)
d4BP/SF-1 genes with their flanking regions. These sequences are aligned to show maximum homology. Asterisks indicate nucleotides identical
mong the three animals. Exons are shown in bold letters and the numbers at the left are relative to the transcriptional start site of exon Ia.
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mined with RNA prepared from untransfected cells.
s shown in Fig. 3B, the endogenous transcripts con-

ained exons Ia and Ig but not Io. When the rat gene
onstruct, Ad4ECAT2.0K, was transfected, all RNA
ranscripts containing Ia, Io, and Ig were detected,
ndicating that exon Io of the rat gene can be tran-
cribed even in mouse Y-1 cells. In contrast, when the
ouse gene construct, mAd4ECAT, was transfected,

he RNA transcript containing exon Io was hardly de-
ectable, whereas transcripts containing exons Ia and
g were clearly observed.

xpression of mRNA Isoforms in Vivo

As described above, it was unlikely that the exon Io
f the mouse Ad4BP/SF-1 gene is detectable in tissues.
e then investigated whether the mRNA containing Io

xon is expressed in vivo using RNAs prepared from
at and mouse tissues. The RNAs from the adult or
etal tissues were amplified using primers specific for
xon Ia, Io, or Ig and for the second exon of each animal
Fig. 4A). As shown in Fig. 4B, the RNAs from the adult
nd fetal steroidogenic tissues of rats (the adrenal
lands, testes, and ovaries) contained exons Ia, Io, and
g while all three transcripts were undetectable in the
iver. When RNAs prepared from the mouse tissues
ere used, the transcripts containing exon Ia and Ig
ere detected in the steroidogenic tissues of both
dults and fetuses, whereas the RNA containing exon
o was hardly detectable (Fig. 4C). Since it has been
stablished that the Ad4BP/SF-1 is expressed in non-
teroidogenic tissues such as spleen, hypothalamus,
nd pituitary, the RNAs from these nonsteroidogenic
issues of mice were examined. As shown in Fig. 4D,
NA containing exon Ia was present in the adult tis-
ues and fetal spleen, but was undetectable in the
ypothalamus and pituitary of the fetuses. Ig contain-

ng RNA was expressed both in adult and fetal tissues
lthough the intensity of the signal varied widely
mong RNA samples; strong in the adult hypothala-
us and pituitary but weak in the adult spleen and

etal tissues. As in the case of the steroidogenic tissues,
xon Io was never utilized in the mouse nonsteroido-
enic tissues. The integrity of RNAs subjected to the
nalyses was confirmed by detection of b-actin.

Sequence Homology of the Multiple First Exons of the
d4BP/SF-1 Gene between Human and Mouse (Hu-Mo),
uman and Rat (Hu-Rt), and Mouse and Rat (Mo-Rt)

Ia Io Ig Ix II

u-Mo 69.5 46.5 55.4 66.0 92.9
u-Rt 65.5 41.9 58.2 62.5 94.5
o-Rt 92.0 79.9 89.9 98.7 98.4
67
As indicated above, it was likely that the first exons
ere used with preferences in tissues and developmen-

al stage. Such possibility seemed to be quite interest-
ng when considering the promoter functions upstream
rom the multiple first exons. However, since the above
T-PCR analyses were qualitative but not quantita-

ive, it was impossible to definitely conclude whether
he exon usage varied among tissues. Thus, a quanti-
ative RT-PCR procedure was developed as described
nder Materials and Methods. Before analyzing the

FIG. 3. Investigation of RNA species transcribed from endoge-
ous and transfected Ad4BP/SF-1 genes in mouse Y-1 adrenocortical
umor cells. Two constructs, rAd4ECAT2.0K and mAd4ECAT, car-
ying all the first exons of the rat and mouse genes, respectively,
ere transiently transfected into Y-1 cells. RNAs were prepared

rom the transfected and untransfected cells, and subsequently used
or RT-PCR analyses. (A) Schematic presentation of the experimen-
al design for PCR analysis. Open boxes indicate exons I, II, and III,
nd CAT reporter gene. The arrows accompanied by RAP1, ROP1,
GP1, MAP1, MOP1, MGP1, CAT1, and MR22 indicate approximate

ocations of oligonucleotide primers for PCR. Small closed boxes
ndicate approximate locations of oligonucleotide probes used for
ybridization. These probes were designed to distinguish the tran-
cripts derived from CAT reporter gene plasmids from those of en-
ogenous Ad4BP/SF-1 gene. (B) Analyses of the transcripts in Y-1
ells untransfected and transfected with constructs, rAd4ECAT2.0K
nd mAd4ECAT, by RT-PCR. RNAs prepared from Y-1 cells were
ubjected to RT-PCR using primers indicated at each lane. Thereaf-
er, the amplified products were characterized by blotting analyses
ith specific probes indicated in A.
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NA samples, linear ranges for PCR were determined
ith an authentic template cDNA. As shown in Figs.
A and 5B, in the assay condition developed, 103 to 108

opies of the cDNAs containing Ia and Ig were con-
rmed to be in the range of linear amplification. Then
he RNAs prepared from the steroidogenic and non-
teroidogenic tissues of adult mice were examined to
etermine the amount of mRNA containing Ia or Ig
xon in these tissues. As indicated in Fig. 5C, Ia exon

FIG. 4. Expression profiles of each first exon in rat and mous
etuses were used for RT-PCR analyses. (A) Schematic presenta
ndicate the first (Ia, Io, and Ig), second (II), and third (III) exons
pproximate locations of oligonucleotides used for PCR (RAP1, RO

or the mouse) and hybridization probes (RMAP1, RGP2, RMGP
ndicated by arrows and closed boxes, respectively. (B, C, and D
repared from the adrenal gland (Ad), testis (Te), ovary (Ov), splee
eeks after birth) and fetuses (E18.5) of rats (B). Tissues isolated
nd D) were used for RNA preparation. Then the RNAs were sub
nalyses with primers specific for exon Ia, Io, Ig, and b-actin (bA
68
as predominantly used in the adrenal glands, testes,
varies, spleen, and hypothalamus. The amount of Ia-
ontaining mRNA is approximately five- to ten-fold
igher than Ig-containing mRNA in tissues, except for
he spleen. It was interesting to note that Ig-containing
ranscript was hardly detected in the spleen in the
uantitative range. In contrast, the pituitary was a
nique tissue in which Ig-containing transcript was
redominantly expressed.

ssues. RNAs prepared from rat and mouse tissues of adults and
n of the experimental design for RT-PCR analysis. Open boxes
he rat (upper panel) and mouse (lower panel) Ad4BP/SF-1 genes.
, RGP1, and RR3 for the rat, and MAP1, MOP1, MGP1, and MR22
or the rat, and RMAP1, MOP2, and RMGP1 for the mouse) are

etection of mRNA species containing Ia, Io, or Ig. RNAs were
Sp), hypothalamus (Hy), pituitary (Pi), and liver (Li) of adults (10
m adult (10 weeks after birth) and fetal (E16.5 to E18.5) mice (C
ted to RT-PCR. The amplified DNAs were identified by blotting
e ti
tio
of t
P1
1 f
) D
n (
fro
jec

).
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ISCUSSION

In the present study we identified novel first exons,
o and Ig, in the rat Ad4BP/SF-1 (NR5A1) gene in
ddition to Ia (22, 34) and Ix (the first exon used in
LP3) (31) reported previously. Sequence analyses re-

FIG. 5. Quantitative PCR analysis of exons Ia and Ig. (A and B)
tandard curves of exon Ia-containing (A) and exon Ig-containing (B)
RNA. 103 to 108 copies of the corresponding cDNA molecules (in-

icated on the abscissa) were amplified as described under Materials
nd Methods. Larger amounts of amplified DNAs were observed with
ncreasing strength of fluorescence, which was monitored at each
CR cycle. Ordinates indicate PCR cycle numbers. The amounts of
mplified DNAs are plotted against the PCR cycle numbers. Stan-
ard reaction was performed at the same time with the assay. Data
re mean 6 SD of three experiments. (C) Determination of the
mount of mRNAs containing Ia and Ig expressed in mouse tissues.
NAs prepared from adult mouse tissues, the adrenal gland (Ad),

estis (Te), ovary (Ov), spleen (Sp), hypothalamus (Hy), and pituitary
Pi) were subjected to quantitative PCR. Open and closed bars indi-
ate Ia- and Ig-containing mRNAs, respectively. Data are mean 6
D of three experiments. The copy numbers on the ordinate are
lotted using a logarithmic scale. P , 0.02 in Ad, Te, Ov, Sp, and Pit.
5 0.141 in Hy.
69
a and the second exon. Based on the homology of the
ucleotide sequence, it was expected that these first
xons identified in the rat gene are also functional in
he mouse and human. In fact, mRNA containing exon
g was present in mouse as well as rat tissues. Inter-
stingly, however, the transcript containing exon Io
as undetectable in the mouse. The latter finding was

urther confirmed by examining the endogenous tran-
cripts of mouse Y-1 adrenocortical tumor cells. A sim-
lar species-specific usage of exon Io was observed
hen the promoter constructs with the rat and mouse
enes were transfected into the cultured cells. Similar
o endogenous genes, exon Io of the mouse gene was
ever observed in mRNA transcribed from the trans-
ected construct. These findings seem quite reasonable
hen considering the nucleotide sequences around

plice donor sites of exons Io. Although the rat se-
uence satisfies the splice donor consensus, the mouse
ene has an unusual sequence, which is unlikely to act
s the splice donor. Since such alteration occurs in the
orresponding region of the human gene, it is unlikely
s in the case of the mouse gene that exon Io in the
uman gene is transcribed. In addition, an altered
plice donor site at the human Ig strongly suggested
hat the human Ig exon is also inactive, in addition to
o. Interestingly, however, our recent search of DNA
atabase identified a human EST clone (AA720791)
ontaining a sequence corresponding to the human Ig
xon. This finding strongly indicates that the human Ig
s functional in at least synovial sarcoma, which was
sed as the mRNA source for the EST database. Since
he clone contained a sequence extending from the
resumptive splice junction of exon Ig to the 39 down-
tream but did not contain the second exon, the splice
unction between Ig and second exon is unknown. How-
ver, according to the sequence at the 39 side of the
lone, it is likely that a potential splice donor is present
t more downstream region. Taken together, it seems
hat the usage of multiple first exons of the Ad4BP/
F-1 gene is quite different among animal species
robably due to their structures.
Such species-specific exon usage has been reported

n several genes including the CYP19 gene encoding
romatase P450 (35, 36). The genes, Ad4BP/SF-1 and
YP19, have similar features as described below.
tructural analyses of the CYP19 genes of several an-

mal species revealed that they have multiple first
xons, and interestingly the first exons are different in
heir numbers among animal species. Another similar-
ty is that all the first exons of the CYP19 genes are
oncoding, indicating that the gene products are iden-
ical in the amino acid sequence even though they are
ifferentially utilized from the multiple first exons in
ombination with splicing. Considering that alterna-
ive usage and splicing of the first exons fails to provide
istinct protein in terms of the structure and function,
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ith a certain mechanism underlying the gene expres-
ion by acquisition of multiple first exons. In fact, it has
een elucidated that the multiple first exons of CYP19
re utilized by showing tissue-preference probably me-
iated by a distinct promoter upstream from each first
xon (37, 38).
We have recently demonstrated that the Ad4BP/

F-1 gene is expressed in several tissues such as ste-
oidogenic tissues and nonsteroidogenic pituitary, hy-
othalamus, and spleen (8). In addition, studies from
ur laboratories and those of others have also shown
he gene transcription is regulated in a developmental
tage-specific manner (15, 39). These regulations are
bviously realized by the precise function of the pro-
oter. Therefore, as in the case of the CYP gene reg-

lation, we anticipate that Ad4BP/SF-1 gene tran-
cription is controlled by the function of the regions
pstream from the multiple first exons. In fact, we
onfirmed that the usage of the first exons, Ia and Ig,
hows tissue preference in mouse tissues. In particu-
ar, it is interesting to note that Ig exon is predomi-
antly utilized in the pituitary but hardly detectable in
he spleen. It is known that Ad4BP/SF-1 is expressed
n specialized cell types in these tissues, gonadotrophs
n the pituitary (4, 6) and vascular endothelial cells in
he spleen (7). Both of these cell types are quite differ-
nt from steroidogenic cells with respect to their ontog-
ny and functions. Therefore, we consider that differ-
nt mechanisms regulate the differential Ad4BP/SF-1
ene transcription among tissues. Establishment of
ultiple promoters accompanied by the first exons is

bviously one of the structural bases for acquisition of
uch mechanisms.
Assuming the significance of multiple exons in the

d4BP/SF-1 gene as described above, it seems unusual
hat all first exons identified in the rat gene are not
lways active in other animal species. The human gene
s the most unusual since the splice donor sequences of
xons Io and Ig are both unlikely to be active, indicat-
ng that exon Ig used predominantly in the mouse
ituitary gland is probably nonfunctional in human.
owever, in addition to exon Ig, it was previously

eported that exon Ix (ELP3) is also utilized in the
ouse (31). Thus, in addition to the possible existence

f yet unidentified exons, we cannot exclude the possi-
le usage of exon Ix of the human gene in the pituitary.
lthough the exact mechanism of gene regulation

hrough these first exons should be identified, these
ifferences can potentially provide the genomic basis
or the development of sophisticated gene regulatory

echanisms in each animal.
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