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Estrogen and progesterone receptors are reported to functionally cooperate in gene activation if their cognate
binding sites are close to one another in the gene. Our studies show that the expression of the vitellogenin (VTG)
gene is induced by estradiol alone or along with progesterone. Progesterone alone inhibits the expressior
completely. Methylation status of the VTG gene remains unaltered by steroid hormones. Gel mobility shift assay
shows that qualitative and quantitative changes occur inrdres-acting factor(s) that bind to estradiol and
progesterone responsive elements (ERE and PRE) after administration of these steroid hormones. We, therefor
conclude that the interaction @fans-acting factors that bind to ERE and PRE play a role in the regulation of
VTG gene expression. © 1996 Academic Press, Inc.

Vitellogenin (VTG) is a precursor of egg yolk proteins, phosvitin and lipovitellin. It is synthe
sized in the liver of mature egg-laying vertebrates (1,2). Upon administration @e4&Fadiol,
males and immature chickens also synthesize VTG which is subsequently secreted from the
into the blood stream (3). The hormone-dependent synthesis of VTG thus offers an excellent n
system to study the regulation of transcription of a specific gene by steroid hormones in termir
differentiated cells.

The VTG Il gene promoter has two TATA boxes at —26 and -59. There are also two CA,
boxes, at —68 and —100 (4). There are several other potemiaktting elements in the promoter
and coding region of the gene. Three sequence elements resembling estrogen responsive e
(ERE) are present around —620, —348 and —292 in the promoter region (5). The consensus E
—620 is B-GGTCANNNTGACC-3. The two EREs at —292 and —348 are imperfect, and the ER
at —292 is apparently non-functional (6,7). A progesterone responsive element (PRE) is loc
between -610 to -590, a few nucleotides down-stream from the perfect ERE at —620 (8
-CCGG- sequence is present between the consensus ERE and PRE. The true ERE and PR
been shown to act synergistically when placed upstream from the TK promoter (9). However, ¢
synergism between ERE and PREvivo has not been shown. Kraus et al (10) have shown by ce
culture and transfection studies that PR can act as a potent ligand-dependent repressor
activity.

Here, we report the changes in the levetrains-acting factors that bind to ERE and PRE of the
VTG gene of the bird, Japanese quail, after administration of estradiol and progesterone. ERI
PRE are shown to act as transcriptional regulators for the expression of VTG gene.

MATERIALS AND METHODS

Animal. Japanese quail€6turnix coturnix japonicawere used for the study. The female begins to lay eggs from 8-1
weeks of age. Peak laying occurs between 20-30 weeks. Egg laying declines-8@mweeks and stops at around0
weeks. Following experiments were carried out with adult (20-25 week) female birds.

Administration of steroid hormone$he birds were administered gstradiol and progesterone, 2.5 mg/100 gm body
wt., in propylene glycol intramuscularly. The birds were tagged and kept with other birds for 48 hr in standard conditi

RNA isolation and northern hybridizatiomotal RNA from the liver was isolated according to Auffray and Rougeon (11

1 To whom correspondence should be addressed.
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FIG. 1. Formaldehyde denaturing gel electrophoresis of total RNA (15 ug) purified from liver of Japanese quail, ei

with or without administration of estradiol, (E), progesterone (P) or E+P. (A) EtBr staining (B) Northern blot hybridizati
with 32P-labelled VTG cDNA, and (C) with 32P-labelled 28S rRNA cDNA. C—control, V—vehicle.

as modified by Kuhkt al (12), resolved on 1% denaturing formaldehyde agarose gel and blotted to nytran membrane |
32p-Labelled probe of VTG cDNA was prepared by nick translation (14) and used for hybridization.

DNA isolation and Southern blot hybridizatiaddigh m.w. DNA was isolated from liver (15), digested first with Eco RI
to completion, and then either with Msp | or Hpa Il to completion. DNA (25 ug) digested by Eco RI, Eco Rl + Msp |, a
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FIG. 2. Methylation status of -CCGG- sequence in the 1.3 kb promoter region of the VTG gene after administratio
estradiol or progesterone alone or together. (A) EtBr staining of DNA fragments resolved on 1.5% agarose gel. (B) Sot
blot hybridization with 32P-labelled 1.3 kb VTG fragment. V—control, E—estradiol, P—progesterone, EP—E +
M—pBR322 plasmid digested by Hinfl.
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Eco RI + Hpa Il was resolved on 1.5% 1x TBE agarose gel and transferred to nytran membrane. The membran
hybridized with the*P-labelled 1.3 kb promoter region (-1484 to -75) of the VTG gene.

Preparation of nuclear extractliver nuclear extract (NE) was prepared according to Goeslal (16). The protein
content of NE was determined according to Lowry (17).

Gel mobility shift assayOne and 4 ug of NE were incubated with 0.1ng of probe labelled withP dCTP using the
Klenow fragment of DNA polymerase (18). Protein-DNA complexes were separated from protein free DNA by
non-denaturing polyacrylamide gel electrophoresis.

RESULTS AND DISCUSSION

Modulation of expression of the VTG gene was carried out after administration@é4fradiol
and progesterone. Fig. 1a shows 28S and 18S rRNA at a ratio of 2:1. Fig. 1b shows tha
expression of the VTG gene is (i) stimulated bygi&stradiol, (ii) inhibited by progesterone
completely, and (iii) stimulated by estradiol and progesterone when given together. The ave
size of the VTG transcript is-6.6 kb. The increase in transcription of VTG gene may either be du
to an increase in the rate of transcription, or an increase in the half-life of VTG mRNA media
through the ER, or the mRNA binding proteins. Stabilization of hepstiaevisVTG mRNA is
reported to be mediated through theuditranslated region and estrogen. Seventy one and 141
proteins bind specifically to the short sequence (27-nucleotide) of'teadof the VTG mRNA.
These proteins are induced by estrogen (19). Progesterone completely inhibits transcription ¢
VTG gene. The peak level of progesterone that coincides with egg laying in the quail has a cri
role in the egg laying process. It may down-regulate/inhibit the rate of transcription. Proges
have been shown to inhibit the expression of estrogen-induced genes (20). Progesterone is re
to (i) rapidly and selectively reduce the level of estradiol receptor (21,22), and (ii) decrease
affinity of nuclear ER and PR for the DNA. An increase in transcription, when both the stert
hormones are administered simultaneously may be due to (i) synergistic action of steroid horm:
and (ii) overlapping sites for binding of both the hormone-receptor (H-R) complexes, ER and
in the promoter of the gene. Thus, the level or affinity tedins-acting factor(s) that bind to
cis-acting element(s) is essential for determining the response of a cell to a hormone.

A -CCGG- sequence is present between the ERE and PRE of the gene (23). Fig. 2 show:
no changes occur in the methylation status of the -CCGG-sequence in response to estradic
progesterone, alone or together.

Fig. 3 is a restriction map of the 1.3 kb (=75 to —1423) VTG gene. The DNA fragmer

EcoRI NF1 ERE PRE EcoR1
~1428 | l ragm} [ 7[77;7,1 I 75
Xbal PstI\  Alul Pstl
Mspl—
-721 ERE -409
VTG-ERE (112 bp)
Pstl Alul

-614 PRE -a65
VTG-PRE (149 bp)
Mspl Pstl

-75 TATA  +e60

PN .
£coRI HindIII
VTG-TATA( 135 bp)

FIG. 3. Map of the 1.3 kb fragment (-1428 to —-75) of the VTG Il gene promoter and the probes used for gel mobi
shift assay. ERE—Estrogen responsive element; PRE—Progesterone responsive element; TATA—TATA box.
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containing ERE (112 bp), PRE (149 bp) and TATA (135 bp) were end-labellé@ognd used for
gel mobility shift assay. Three DNA-protein complexes (E1, E2 and E3) are seen with the nuc
extract (NE) of all four sets (Fig. 4a). Administration of estradiol alone or along with progesterc
increases the level/binding affinity dafans-acting factors which may be responsible for highel
expression of VTG gene. Estradiol is reported to induce DNase | hypersensitive sites in the \
gene promoter (24). Thus, the chromatin is more relaxed in the liver of estradiol primed birds t
in control birds. The hypomethylated -CCGG- sequence (Fig. 2) and the relaxed chromatin of t
make the ERE readily accessiblettans-acting factors. The ER is reported to bind to the coding
strand of ERE with a 60-fold higher affinity than to a dsERE sequence (25).eCathhave shown
by in vitro studies thaE + P actsynergistically to induce CAT activity in the chimeric VTG I
TK-CAT construct (pEREPRE) (9). This agrees with oun vivo finding that VTG transcription
is induced in birds § E + P.Progesterone increases the level of DNA-binding proteins, but tl
DNA protein complexes are upshifted. The upshift may be due to the appearance of a repr
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FIG. 4. Gel mobility shift assay of DNA fragments—One ang.g nuclear extract of the liver of the bird were incubated
with 32P-labelled (A) 112 bp dsDNA containing ERE, (B) 149 bp dsDNA containing PRE and (C) 135 bp dsD!
containing TATA. C—vehicle, E—estradiol, P—progesterone, EP—E + P.
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protein or post-translational modification tfans-acting factors. Such alterations in the DNA
binding proteins may cause repression of transcription of VTG mRNA after administration
progesterone.

Fig. 4b shows that administration of either E alone or with P increases the level of PRE binc
proteins. Estradiol induces ER and PR levels (26,27). Higher level of PRE binding proteins &
E or E + Padministration may be due to higher level of PR. Progesterone decreases the bin
and causes an upshift of DNA-protein complex. It is known to down-regulate its own receptor (:
On the other hand, the levels or affinity of TATA binding proteins do not change after admin
tration of E or P (Fig. 4c).

Thus, the modulation of the VTG gene expression by estradiol and progesterane is due
to thetrans-acting factors that bind to its ERE and PRE.
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