ELSEVIER

Available online at www.sciencedirect.com

SCIENCE<C£DIRECT®

Biochemical and Biophysical Research Communications 337 (2005) 264-270

BBRC

www.elsevier.com/locate/ybbrc

Detection of elements responsible for stage- and tissue-specific
expression of mouse Sry using an in vitro Cre/loxP system

Masanori Ito #®*, Kou Yokouchi?, Kunihiko Naito #, Hitoshi Endo ¢, Yoji Hakamata 9,
Jun-Ichi Miyazaki ©, Hideaki Tojo *

& Laboratory of Applied Genetics, Graduate School of Agricultural and Life Sciences, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku,
Tokyo 113-8657, Japan
® Department of Pathology, The Methodist Hospital, 6565 Fannin, Houston, TX 77030, USA
¢ Department of Biochemistry, Jichi Medical School, Minamikawachi-machi, Kawachi-gun, Tochigi 329-0498, Japan
d Laboratory of Experimental Medicine, Jichi Medical School, Minamikawachi-machi, Kawachi-gun, Tochigi 329-0498, Japan
¢ Medical School, Osaka University, 2-2 Yamadaoka, Suita, Osaka 565-0871, Japan

Received 6 September 2005
Available online 16 September 2005

Abstract

We have successfully specified essential sequences of the 5’ upstream region for the stage- and tissue-specific expression of mouse Sry
by using an in vitro Cre/loxP system. Sry/Cre plasmids carrying Sry 5’ sequences of various sizes were transfected into the primary cul-
tured cells from different tissues of CAG/loxP/CAT/loxP/LacZ transgenic fetuses on 11.5-day post coitus (dpc) or 13.5-dpc. Stage- and
tissue-specific regulation of Sry expression was disrupted by the deletion of positions 7549-7660 (from —0.4 to —0.5 kb region). In vitro
transcription assay also suggested that the region contains element(s) responsible for stage- and tissue-specific expression of mouse Sry.
SRY promoter of Shiba goat (Capra hircus var Shiba), a native Japanese miniature goat, showed the tissue-specific activity in the cells
from urogenital ridges of the male mouse, but not in the cells from female mice, indicating a possibly different mechanism among species

in the regulation of Sry expression.
© 2005 Elsevier Inc. All rights reserved.
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The SRY/Sry gene, an intronless transcription factor,
initiates male sex determination in eutherian mammals
[1,2]. Sry expression occurs in developing genital ridges in
many species, including humans [3-5], mice [6-9], cows
[10], pigs [11], and sheep [12]. In mouse fetal gonads, Sry
transcripts can be detected on 10.5-day postcoitus (dpc)
and show a peak on 11.5-dpc. After 12.5-dpc, Sry tran-
scripts are not detected, and testicular cords can be seen
in the male gonads. Thus, the temporal expression pattern
of Sry suggests that Sry is part of a pathway of genes reg-
ulating sex determination in male gonads. A common reg-
ulatory mechanism of Sry expression among species may
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not be postulated for incredibly variable sequence among
different groups of mammals despite the high sequence
homology of the putative Sry regulatory region within each
taxonomic group of species; primates, bovines, and rodents
[13]. We have previously determined the stage-specific reg-
ulatory element of mouse Sry in the 5’ upstream region by
means of a gel shift assay [14]. However, despite the pivotal
role of Sry in sex determination, its promoter has been
poorly characterized because no available Sry-expressing
cell line has been established, and because of its temporal
and extremely low expression in developing gonads.

The bacteriophage P1 Cre recombinase, which is a 38-
kDa protein, recognizes specific 34-bp sequences called
loxP sites [15-18]. The Cre/loxP system has provided us
with a useful tool for manipulating gene expression in mice
such as stage- and tissue-specific activation or inactivation
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of genes [19,20], and targeting of cell type-specific genes
[21-23]. We have previously established an available in vi-
tro Cre/loxP system using the primary cultured cells for
investigating the regulatory upstream region of sex deter-
mination-related genes, including Sry [24].

In this study, we have successfully further narrowed the
sequences of Sry 5 region that are important to its stage-
specific expression and have clarified the role of the 5’ re-
gion of mouse Sry by an in vitro Cre/loxP system. We also
investigated using the goat SRY promoter whether or not

A Target gene

loxP loxP
+——{CAGH{ CAT [ LacZ |———
C1 C2 L1 L2
'%E(iﬁ;l\ 2058
B Sry/Cre ‘\
Sry 5'region
7/ /—i Transcription start site™

! e 1.1kb—}

C Recombined allele
oxP

v
“—foAct>{Lacz}——

Fig. 1. The structure of the target gene and Cre-mediated recombination.
The arrows under the gene construct in (A) indicate the positions and
directions of the primers used for polymerase chain reaction (PCR) to
detect the CAT and LacZ transgenes in CAG/loxP/CAT/loxP/LacZ
transgenic mice. The number under the gene construct in (B) indicates the
size of the DNA fragments. Before recombination, the loxP-flanked CAT
gene is expressed under the control of the CAG promoter. After Cre-
mediated recombination (B), the lacZ gene is expressed, followed by
deletion of the CAT gene (C).

this common regulatory mechanism of SRY expression is
present among different species.

Materials and methods

Mice. Two transgenic mouse lines were used: the transgenic mouse line
[25] carrying a CAG (CMYV enhancer, chicken B-actin promoter, and fu-
sion intron of chicken B-actin and rabbit B-globin)/loxP/CAT/loxP/LacZ
(denoted as a CAG/loxP/LacZ) fusion gene (Fig. 1A), which directs LacZ
expression upon Cre-mediated excision of the loxP-flanked CAT gene
located between the CAG promoter and the LacZ gene (Fig. 1C); and the
transgenic mouse line expressing GFP on the Y chromosome under the
control of the CAG promoter, produced by Ichida et al. [26]. The CAG/
loxP/LacZ transgene was identified by PCR using two different primer sets
(Fig. 1A). For the LacZ gene, forward primer 5'-GCG-TTA-CCC-AAC-
TTA-ATC-G-3'(L1) and reverse primer 5'-TGT-GAG-CGA-GTA-ACA-
ACC-3'(L2) were used, and for the CAT gene, 5'-CAG-TCA-GTT-GCT-
CAA-TGT-ACC-3'(Cl) and 5'-ACT-GGT-GAA-ACT-CAC-CCA-
3/(C2) were used. The GFP transgene was identified by observation of
fluorescence on the body under a hand-type illuminator with a UV filter.
Mice were kept under regulated temperature (22-25 °C), a humidity of 40—
60%, and an illumination cycle (14 h light, 10 h dark), and were provided
with food and water ad libitum. The animal experiments were conducted
according to the Guide for the Care and Use of Laboratory Animals,
College of Agriculture, University of Tokyo.

Construction of the Sry/Cre fusion gene. The pUCSry plasmid con-
taining 14.6-kb mouse genomic Sry was kindly provided by Dr. R. Lovell-
Badge (National Institute of Medical Research, UK). The 9.9 kb Sry
(positions 3895-13775, denoted by Dolci et al. [27]) previously shown to
induce testis development in XX transgenic mice [28] was excised once
from the pUCSry with Stul and then subcloned into pBluscriptSK™
(Stratagene, La Jolla, CA) at the EcoRV site, which is denoted as a
pSry9.9 plasmid. The 1.1kb Cre coding region was excised from a
pxAwNCre plasmid (kindly provided by Dr. 1. Saito, University of Tokyo,
Japan) with Xbal. The 468 bp Sry coding region of the pSry9.9 plasmid
was excised with EcoRV and replaced with the 1.1 kb Cre coding region to
replace Sry expression with Cre expression, and is denoted as a 4.1Sry/Cre
plasmid (Fig. 2A). We carried out the cloning of all DNA, using the
bacterial strain DL652 kindly provided by Dr. P. Koopman (Queensland
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Fig. 2. Schematic structures of the Cre genes with sequentially deleted 5’ flanking regions of mouse Sry and with the goat SRY promoter region (A) and
their promoter activities (B). pxAwNCre was used as a negative control. Results are expressed as percentages of the X-gal-positive cells in the primary
cultured cells that were prepared from CAG/loxP/CAT/loxP/LacZ transgenic fetuses and transfected with each of the constructs. Transfection efficiency
was expected by comparing the cells transfected with CAG/Cre constructs as described in Table 1. The numbers in parentheses indicate the positions at the
5’ region denoted by Dolci et al. [27]. Dotted squares in the gene constructs indicate the 5’ untranslated sequences of mouse Sry. The data are means &+ SE
of five independent experiments. Open bars represent the results obtained when constructs were transfected to the cells from the male urogenital ridges of
11.5-dpc, and the filled bars represent the results obtained when transfected to the female urogenital ridges of 11.5-dpc fetuses. *The mean value was
significantly higher than other constructs; "X-gal-positive cells/total cells examined.
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University, Australia) as host cells for the plasmid. The 1.4-kb 5’ region of
mouse Sry was excised with Hpal and EcoRV, and was inserted into the
Smal site of the pxAwNCre plasmid; the resulting plasmid was denoted as
a 1.4kSry/Cre. 1.4kSry/Cre was digested with X%ol and then digested
partially with Eco T22I to obtain three kinds of Sry/Cre fragments of
different sizes. The fragments were inserted into pBluescriptSK™ (Strata-
gene, La Jolla, CA) that had been digested with Xhol and PstI; the
resulting plasmids were denoted as 1.0kSry/Cre, 0.8kSry/Cre, and
0.5kSry/Cre. A 0.4kSry/Cre was generated by digesting the 1.4kSry/Cre
plasmid with Accl at the original site of pxAwNCre and at position 7661
of Sry to eliminate an Sry 5’ region of approximately 1.0 kb.

Construction of the 5' region of the goat SRY/Cre fusion gene. Genomic
DNA Library was prepared using genomic DNA extracted from a male
fetus of Shiba goat (Capra hircus var Shiba), a native Japanese miniature
goat bred in Experimental Station for Bio-Animal Science, The University
of Tokyo, Iwama-machi, Ibaraki, Japan. The genomic DNA Library was
used to screen for the SRY containing DNA fragment. Genomic DNA
extracted was subjected to digestion with Sau3Al. Two terminal bases (4
bases were removed from a single strand by Sau3Al) were filled with G
and A by using a Lambda GEM-12-Xhol Half Site Arm kit (Promega,
Madison, WI) Packaging was done by using a Gigapack II Packaging
Extract (Stratagene, La Jolla, CA). Shiba Goat male DNA was PCR-
amplified, using primer-F (5-CCT-TCA-TTG-TGT-GGT-CTC-GTG-
AAC-3') and Primer-R (5-AGC-CCG-GGT-ATT-TGT-CTC-GGT-
GTA-TAG-3’), which were designed using the published sequence of
HMG box of the caprine SRY [29]. Condition employed for PCR was as
follows; 1 cycle of 2 min at 94 °C, 3 min at 65 °C, 3 min at 72 °C, and 25
cycles of 2 min at 94 °C, 1 min at 65 °C, 1 min at 72 °C, and finally the
reaction mixture was incubated at 72 °C for 10 min. The resulting DNA
fragments were retrieved from the agarose gel after electrophoresis, and
32P_labeled by means of a random labeking kit (Amersham, Bucking-
hamshire, UK). Plaque hybridization was performed and the DNA was
extracted from the positive plaque. The isolated phage DNA was digested
with EcoRI and ligated to a plasmid vector pUCIS8 for sequencing
(GenBank Accession No. D82963). Based on the cloned Shiba Goat SRY
sequence one forward primer and one reverse primer were designed: Shiba
SRY FI1(5-AGC-GCT-TAG-GTA-CAT-TCA-AAT-GT-3’) and Shiba
SRY R(5-AGC-GCT-GTT-CTT-ACC-AGA-GAC-TG-3'). All of these
primers were designed to generate a restriction site for Aor51HI. The PCR
products were cloned into pPGEM-T easy vector and sequenced. The Shiba
Goat SRY 5’ region was excised with Aor51HI and inserted into the Smal
site of pxAwNCre plasmid.

CAGICre fusion gene. The Cre-expressing plasmid, pCAG/Ncre
[25], containing the bacteriophage P1 Cre gene and driven by the
CAG promoter [30] and the polyadenylation signal were the kind gifts
of Dr. I. Saito, Institute of Medical Sciences, University of Tokyo,
Japan.

Preparation of primary cultured cells from the tissues. Transgenic
fetuses were prepared by mating the CAG/loxP/LacZ transgenic females
to a double transgenic male carrying the CAG/loxP/LacZ and also
expressing the CAG/GFP on Y chromosome. Immediately after the
pregnant transgenic mice had been sacrificed by cervical dislocation, the
urogenital ridges of 11.5-dpc female and male fetuses were individually
collected under a fluorescence stereomicroscope (M2 FL II, Leica, Ger-
many), as previously reported [24]. The 13.5-dpc female and male gonads,
respectively, were collected from the fetuses produced by mating the
CAG/loxP/LacZ transgenic male to the females from the same transgenic
mouse line. The brains and livers were used as control tissues. The tissues
were minced and treated with 0.1% trypsin, 0.01% EDTA in phosphate-
buffered saline (PBS, pH 7.4) at 37 °C for 10 min, and then dissociated by
repeated pipetting. After the viability of the cells had been checked by
trypan blue staining, approximately 5 x 10* cells/well were poured into
noncoated 24-well dishes containing F12/DME medium (Gibco-BRL,
New Yolk, NY) and 10% FBS.

Transfection of plasmids. Transfection of plasmids was performed
immediately (0 h), at 3 h, or at 10 h, respectively, after the cell suspension
was poured into culture dishes. Plasmids were transfected using Effectene
Transfection Reagent (Qiagen, Valencia, CA) according to the manufac-

turer’s instructions, and the transfected cells were cultured at 37 °C under
5% CO, for 3 days.

Detection of p-galactosidase activity in the cells. At 3 days after
transfection, the cells were washed three times with PBS (pH 7.4), fixed
with 0.25% glutaraldehyde, and washed with PBS. The B-galactosidase
activity was revealed by staining for approximately 14 h at 37 °C in PBS
(pH 7.4) containing 2 mM MgCl,, 4 mM K;Fe(CN)g, 4 mM K4Fe(CN)g,
0.01% Tween 20, and 0.4 mg/ml 5-bromo-4-chloro-3-indoly-p-p-galacto-
pyranoside (X-gal).

Preparation of nuclear extracts. All steps after tissue collection were
performed at 0—4 °C. Each tissue was suspended in NHS-1 solution con-
taining 0.3 M sucrose, 10 mM Hepes—-KOH (pH 7.9), 10 mM iminodi-
acetic acid (IDA), 5mM NaF, | mM EDTA, | mM EGTA, 0.5mM
PMSF, 0.1% Nonidet P-40 (NP-40), 0.1 mM Pefablock (Stratagene, La
Jolla, CA), and 1 pg/ml each of leupeptin and pepstatin A. The tissue pairs
were then homogenized, and the nuclei were collected in 30-ml cortex
tubes by centrifugation (at 10,000 rpm for 10 min). The pellets were
resuspended in NHS-1, layered on NHS-2 solution (1.75M sucrose
cushion in NHS-1 without NP-40), and centrifuged at 27,000 rpm for 1 h.
Nuclei fractions were resuspended in NLB solution (350 mM NaCl,
25 mM Hepes—KOH, pH 7.9, 10% glycerol, 0.1 mM EDTA, | mM DTT,
0.5 mM PMSF, 0.1 mM pefablock, 10 mM IDA, and 0.5 mM NaF) and
placed at room temperature for 30 min. After centrifugation at 14,000 rpm
for 30 min, 0.5 g/ml powdered ammonium sulfate was added to the
supernatant and the resulting solution was mixed for 30 min. The pre-
cipitated proteins were collected by centrifugation (at 14,000 rpm for
30 min), dissolved with 5 mg/ml of the dialysis buffer (25 mM Hepes—
KOH, pH 7.9, 10% glycerol, 0.1 mM EDTA, 1 mM DTT, 0.5 mM PMSF,
and 10 mM IDA), and dialyzed for 2 h. The nuclear extracts were divided
into 20-ul aliquots and stored at —80 °C until use.

In vitro transcription studies. 1.4kSry/Cre was excised with Sall, and
Bglll (digested at Sry position 8207) was used as a 1.4kSry template.
1.0kSry/Cre, 0.7kSry/Cre, and 0.5kSry/Cre plasmids were excised with
BamHI and Bglll, and used as 1.0kSry, 0.7kSry, and 0.5kSry templates.
The 0.5kSry/Cre plasmid was excised with Accl at Sry position 7661 and
Bglll, and was used as a 0.4kSry template. Each 50 pg of the nuclear
extracts was incubated with 1 pg of the template at room temperature for
15 min and added to 10 pl of appropriate buffer (14 mM Hepes-KOH, pH
7.9, 14% glycerol, 20 mM KCl, 6.5 mM MgCl,, 1.2 mM ATP, 1.2 mM
CTP, 1.2 mM GTP, and 0.05 mM UTP), 20 U RNase inhibitor (Takara,
Shiga, Japan), and 185 kBq [0->*PJUTP (Amersham Biosciences, Buck-
inghamshire, UK) on ice. The mixture was incubated at room temperature
for 1 h and then electrophoresed on 5% polyacrylamide gels in 1x TBE
buffer. The gels were dried and exposed to X-ray film on an intensifying
screen at —80 °C.

Results
Promoter activities of various 5’ upstream regions

First, to specify the sequences regulating stage- and
tissue-specific expression of Sry, we constructed a variety
of Sry/Cre plasmids with Sry 5’ regions of different sizes:
positions 6634-8247 (1.4kSry/Cre, transcription start site
is position 8032), positions 7032-8247 (1.0kSry/Cre),
positions 7260-8247 (0.8kSry/Cre), positions 7549-8247
(0.5kSry/Cre), and positions 7661-8247 (0.4kSry/Cre),
respectively (A in Fig. 2). The 4.1Sry/Cre that has been
previously reported to be expressed in a stage- and tis-
sue-specific fashion [24] was used as a positive control.
pxAwNCre plasmids containing the Cre coding region
alone were used as a negative control gene. Table 1
shows the results obtained from the experiments in which
each of the Sry/Cre plasmids or the CAG/Cre plasmid
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Table 1
Summarized results of LacZ-expressing cells in the primary cultured cells prepared from various tissues of 11.5-dpc and 13.5-dpc
Constructs 11.5-dpc 13.5-dpc

Gonads Other tissues of males Gonads

Male Female Liver Brain Male Female
4.1kSry/Cre 144+0.6 1.6 +£0.7 ND ND ND ND
1.4kkSry/Cre 0.8+0.3 09+04 ND ND ND ND
1.0kSry/Cre 1.7+0.8 1.1 +£0.5 ND ND ND ND
0.8kSry/Cre 1.8 +0.8 1.1+£0.5 ND ND ND ND
0.5kSry/Cre 14406 0.7+0.3 ND ND ND ND
0.4kSry/Cre 304 £6.6 258 +2.9 18.8 +10.9 11.1+5.6 332+ 11.7 37.1+£18.5
2SRY/Cre 03403 ND ND ND 22413 ND
pxAwNCre ND ND ND ND ND ND

The cells were prepared from urogenital ridges or gonads of CAG/loxP/CAT/loxP/LacZ transgenic fetuses and were then transfected with each of the
constructs, as shown in Fig. 1. Values are percentages of X-gal-positive cells in the primary cultured cells that were transfected with each of the different
constructs. Differences of transfection efficiency were normalized by comparing the number of X-gal-positive cells against those that were transfected with
CAG/Cre plasmids. The number of X-gal-positive cells was calculated in three different microscopic views (100x) and then summed up. ND, not detected.

was transfected into the primary cultured cells that had
been prepared from gonads, livers, and brains of male
and female CAG/loxP/LacZ transgenic fetuses on 11.5-
dpc and 13.5-dpc. The rates of X-gal-positive cells in
the primary cultured cells transfected with various Sry/
Cre constructs were graphically compared with those
that were transfected with CAG/Cre plasmid (B in
Fig. 2). When five constructs other than the 0.4kSry/
Cre were transfected into the cells isolated from 11.5-
dpc urogenital ridges, only a small number (0.7 £+ 0.3—
1.8 £+ 0.8%) of X-gal-positive cells were detected in those
cells. No X-gal-positive cells were detected in the cells
from 11.5-dpc brains and livers or 13.5-dpc gonads (Ta-
ble 1 and B in Fig. 2). In contrast, when 0.4kSry/Cre
plasmids were transfected, the rate of X-gal-positive cells
significantly increased in the cells from the livers, brains,
and gonads of both 11.5-dpc and 13.5-dpc fetuses: the
rates of X-gal-positive cells ranged from 11.1 4+ 5.6% in
the cells from 11.5-dpc brains to 37.1 +18.5% in the
cells from 13.5-dpc female gonads (Table 1 and B in
Fig. 2).

Next, to investigate whether or not the —0.4 to —0.5 kb
region (positions 7549-7660) have inhibitory activity for
transcription of ubiquitous genes, this region (Accl/Accl,
100 bp fragment) was fused with a CAG/EGFP gene at
the 5" upstream region (Sall site which located 5’ upstream
of CMV enhancer or SnaBI site which located between
CMYV enhancer and chicken B-actin promoter) and then
transfected into primary cultured cells from 13.5-dpc male
gonads. The results indicate that the construct was almost
equally expressed in the transfected cells as well as a CAG/
EGFP gene, ubiquitously expressing EGFP (data not
shown).

The activity of Shiba goat SRY promoter in mouse gonad
cells

We compared by database analysis the sequences of the
—0.4 to —0.5 kb 5’ region of goat SRY with those of other

species: mice, humans, chimpanzees, gorillas, pigs, bulls,
and sheep. An alignment of these sequences is shown in
Fig. 3. The sequences of the —0.4 to —0.5 kb region of goat
SRY were highly conserved compared with bovine SRY
(88.3%), but conservation was low compared to mouse
Sry (33.3%). To examine the activity of the goat SRY pro-
moter in the mouse cells, we constructed a fusion gene of
the —1.8 kb 5’ region of goat SRY with the Cre coding re-
gion (denoted as a gSRY/Cre). The gSRY/Cre plasmids
were transfected into the cells isolated from 11.5- and
13.5-dpc urogenital ridges and other tissues of CAG/
loxP/LacZ transgenic male mice, and the rate of X-gal-po-
sitive cells in those cells was examined. A very small num-
ber of X-gal-positive cells were detected in the cells from
11.5- and 13.5-dpc male gonads, while none were observed
in the cells from female gonads (Table 1 and B in Fig. 2).
X-gal-positive cells were not observed in the cells from
11.5-dpc livers nor brains and in the cells from 11.5-dpc
and 13.5-dpc female gonads (Table 1).

In vitro transcription assay

To confirm the results shown in Table 1 and Fig. 2, we
analyzed various 5’ upstream regions of Sry by an in vitro
transcription assay. The constructs used for the in vitro
transcription assay and the results obtained are shown in
Fig. 4. When nuclear proteins from the livers of adult males
were reacted with the templates containing various regions;
1.4-, 1.0-, 0.8-, 0.5-, and 0.4-kb fragments (Fig. 4B) tran-
scripts were detected only in the reaction mixture with
the template (Template 5) containing the —0.4-kb region
from the Sry transcription start site, as shown in Fig. 4B.
Transcripts were not detected in other templates (Template
1, Template 2, Template 3, and Template 4) that were larg-
er than the —0.5-kb region from the transcription start site.
The same negative results were obtained in the case when
nuclear proteins from 11.5-dpc male urogenital ridges were
allowed to react with each of the templates (data not
shown).
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Human GAT| TGCCTG-TGAAANAATGTG T -=-ATT----[TTTAAATAG
Gorilla GAT| TGCCTG-TGAAAAATGTGTA TTT -=-ATT----[TTTAAATAG
Chimpanzee GAT, TGTCTG-TGAARAATGTG TTT ---ATT----TTTAAATAG
Goat TCC TAACTACTGGAATATGTA lH ---GCTGTACTT|CAAGCCT
Bull ACC TAGCTACTGGAATACGTA lﬂ" ---GCTGCACTT[TGAGCCT
Sheep T7C¢ TAACTACTGGAATACCTACA T ---GCTGTTTTT[TAAGCCT
Pig ccq TTGCCCACAGGAAAACTTAA TTT ---ATAGTTCTT[TAAGTAG
Mouse 7545  TGQ ATGACCAAGAAAGGAAGCA n TTTTATGGTGTAGATATTTATACTG

* i ok %
Hunan AAG AAAAGCGATAATAATTIACT-ATA- AATTICAATATGCAGTTATGTATGTATG
Gorilla AAG AAAAGC GATAATAATTIACT- ATA- AATTICAATATGCAGTTATGTATGTAAG
Chimpanzee AAG AAAAGCGATAATAATTIACT- AT A- AATTICAATATGCAGTTATGTATGTATG
Goat AAG AGCGGGGATAGT GATTIAGC- AT G- GATTITGGTATCC---TGTGTATTCAAC
Bull AAG AGCAGGGTTAGT GATTAGC- AT G- GATTIGGGTATC- - - -TGTGTATTCAAA
Sheep AAG AGCAGGGAGAGT GATTAGC-AT G- GATTICGGTATCC-- - TGTGTATTCAGC
Pig AAG AACAAGAATGAC GACTAGC-ATTCAACTICTATAACATGCCGCOT|GGCAGGC
Mouse 76@S GGC GCCAGAACAGACTATT ILTTQETHT TTICCATIGCTGCCTGCCATAGTAGAC

L3 b » .

Fig. 3. Comparison of the 5’ flanking sequences of Shiba goat SRY with those of other species. The sequences of the —0.4 to —0.5 kb (112 bp) region of
goat SRY (equivalent to positions 7545-7665 of mouse Sry) were most highly conserved with bovine SRY (88.3%), and conservation was the lowest with
mouse Sry (33.3%). The —1.8 kb upstream region of goat SRY showed an extremely low promoter activity in the mouse cells, as shown in Fig. 2.

*Conserved nucleotides; the numbers indicate positions denoted by Dolci

et al. [27]. GenBank Accession Numbers are D82963 (Shiba Goat), L08063

(human), AJ003068 (gorilla), AJ222687 (chimpanzee), U15569 (bull), AF026566 (sheep), U49860 (pig), and X67204 (mouse).
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Fig. 4. In vitro transcription assays of the 5’ stepwise-deleted constructs of mouse Sry. (A) The differentially sized Sry promoter regions used as templates
are schematically represented. The numbers in parentheses indicate the positions denoted by Dolci et al. [27]. (B) An in vitro transcription assay was

performed in the solution containing [0->>PJUTP and nuclear extracts from

adult livers. No transcripts were observed when the Sry 5’ regions longer than

0.5 kb from the transcription start site were assayed as the templates in a reaction with nuclear extracts from adult liver, but they did appear when a —0.4-
kb (T5) region was assayed. Arrows indicate the transcripts from the templates.

Discussion

We have previously shown that the in vitro Cre/loxP
system (Fig. 1) using primary cultured cells from develop-
ing gonads of CAG/loxP/CAT/loxP/LacZ transgenic
fetuses can be used for assay of the mouse Sry promoter,
as low and transient expression of Sry is substituted for
high and lasting expression of B-galactosidase in the trans-
fected cells [24]. In addition, we have successfully deter-
mined the 5’ flanking sequences that contain important
element(s) for stage- and tissue-specific expression of Sry
[24]. In our present deletional assay, we have further nar-
rowed the essential sequences of the mouse Sry 5’ flanking
region for stage- and tissue-dependent expression down to
the —0.4 to —0.5 kb (positions 7549-7660), as shown in Ta-
ble 1 and Fig. 2. In the in vitro transcription assay the tem-
plate (T5; A in Fig. 4) with the —0.4-kb region was found

to have transcriptional activity in the cells from adult male
livers, but the templates that were longer than this template
did not have transcriptional activity in these cells. Many
highly conserved potential elements (AP1, Barbie, GATA,
Gfil, cMyb, vMyb,NF1, Octl, Spl, and SRY) have been
identified within the —0.2-kb upstream region of Sry/
SRY by database analysis of 10 different mammalian spe-
cies [13]. However, there is no experimental demonstration
that has determined the true involvement of these factors in
regulatory expression of Sry. The present results indicate
that the —0.4-kb region does not contain any element
responsible for the stage- and tissue-specific expression of
the mouse Sry. Taken together with our previous results
[24], it is certain that some trans-factor(s) regulating the
stage- and tissue-specific activity of the Sry promoter
may bind to positions 7549-7660. However, the fusion gene
of the positions 7549-7660 to the ubiquitous gene
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(CAG/EGFP) did not affect the level of EGFP expression
(data not shown). The element could be a suppressing ele-
ment for endogenous Sry promoter which is a very weak
promoter but not strong to suppress the strong artificial
promoter.

Furthermore, although the —0.5- to —1.4-kb region
showed the stage- and tissue-specific activity in the dele-
tional assay of Sry promoter, no transcripts were detected
when the same regions were assayed as the templates in a
reaction with nuclear extracts from 11.5-dpc urogenital
ridges of male fetuses. This contradiction may be explained
by the possibility that in the case of the in vitro transcrip-
tion assay the factors derived from a large number of cells
other than the Sry-expressing cells in the 11.5-dpc urogen-
ital ridges may inhibit the stage- and tissue-specific activity
of the —0.5- to —1.4-kb region of Sry. Although the mech-
anism by which the 5’ flanking region investigated in the
present study regulates the stage- and tissue-specific expres-
sion of Sry is obscure, it is assumed that other 5’ upstream
element(s) may correlate with these regions.

Yokouchi et al. [14] have reported that positions 5538—
5639 (A4 fragment) contain a DNase I hypersensitive site
and may be involved in stage-specific transcriptional regu-
lation of the linear and/or circular molecule transcripts
from the mouse Sry gene. As it is postulated that transcrip-
tion factors bind to the A4 fragment in mouse fetal gonad
cells at 11.5-dpc, we have attempted using an in vitro tran-
scription assay to confirm the contribution of the A4 frag-
ment to the stage- and tissue-specific activity of Sry
promoter. The fusion of positions 5538-5639 endowed a
stage- and tissue-specific promoter activity of Sry only in
a very weak fashion. Moreover, the activity was not accel-
erated by the fusion of multiple A4 fragments (data not
shown). It was because only less than 2% of the Sry-ex-
pressing cells in gonads was used to make the extracts
based on the data of Fig. 2 and Table 1.

It is curious that, apart from the HMG box, the nucle-
otide sequences of SRY are poorly conserved among mam-
malian species [29,31], despite the primary role of SRY in
sex determination. In addition, the positions 7549-7660
of mouse Sry are not conserved among species (Fig. 3).
Introduction of human SRY did not induce sex reversal
in XX type transgenic female mice [2]. Our present results
indicate that the —1.8-kb 5’ upstream region of Shiba goat
SRY is not fully active in the cells from male urogenital
ridges and is not at all active in the female cells. By con-
trast, it has been reported that GFP is expressed in the male
urogenital ridge of transgenic mice under the control of the
porcine SRY promoter [32]. These findings suggest that
there may be a different mechanism underlying the regula-
tion of SRY expression among species.

In conclusion, in the present study we have identified an
essential sequence of 5’ flanking regions for regulating
stage- and tissue-specific expression of mouse Sry; posi-
tions 7549-7660. It will be of interest to investigate how
known or unknown factors actually interact with the ele-
ment in the sex-determining molecular pathway.
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