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ABSTRACT Progesterone is a versatile hormone showing an ample variety of effects. One of
the numerous functions attributed to progesterone is the modulation of vitellogenesis in oviparous
vertebrates. As a prerequisite for the possible involvement of progesterone in vitellogenesis modu-
lation, we investigated the presence of a progesterone receptor (PR) in the liver of the female
green frog Rana esculenta. *H-Progesterone (*H-P) binding activity was found in both cytosol and
nuclear extract of the liver of Rana esculenta. The progesterone-binding moiety showed the typical
characteristics of a true receptor, such as high affinity, low capacity, and specificity for progester-
one. It also bound to DNA-cellulose and was eluted with a linear salt gradient at a concentration
of 0.05 M of NaCl. The progesterone-binding moiety was down regulated by steroid hormones, in
that ovariectomy resulted in a significant increase, in both cytosol and nuclear extract, of *H-P
binding activity with respect to intact females. On the contrary, H-P binding activity was almost
undetectable after estradiol and/or progesterone treatment. The progesterone binding moiety of
Rana esculenta was analyzed by Western blotting with the aid of a monoclonal antibody raised
against the subunits A and B of the chicken PR. An immunoreactive band of about 67 kDa was
observed in the liver of both intact and treated females. The 67 kDa band showed an increased
intensity in ovariectomized animals, while it was faint following treatment with estradiol and/or
progesterone.

This is the first report on the presence of a progesterone receptor (PR) in the liver of an amphib-
ian. PR of Rana esculenta is down regulated by estradiol and/or progesterone and shows peculiar
immunological and biochemical characteristics, which make it rather different from the PR of

other vertebrates. J. Exp. Zool. 284:765-775, 1999. © 1999 Wiley-Liss, Inc.

Progesterone is defined as the “pregnancy hor-
mone” of mammals. However, in lower vertebrates,
progesterone is a highly versatile hormone that ex-
erts an ample variety of effects on diversified tar-
get organs (Paolucci et al., ’98; for review). Among
other functions, it has been proposed that progest-
erone may have a physiological significance for the
suppression of vitellogenesis during the ovarian
cycle, therefore, redirecting energy reserves once
vitellogenesis and ovulation are achieved (Callard
and Ho, ’87; Callard et al., ’92). In support of this
hypothesis, it has been shown that vitellogenin syn-
thesis in the liver of vertebrates is induced not only
by estradiol, but that several other hormones are
involved in the modulation of vitellogenin synthe-
sis. In the iguanid lizard Diplosaurus dorsalis,
estradiol is synergized by pituitary factors in
vitellogenin regulation (Callard et al., ’72) and in
the turtle Chrysemys picta and in the green frog
Rana esculenta, vitellogenin synthesis is under a
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multi-hormonal control (Ho et al., ’82a,b, ’85;
Gobbetti et al., ’85; Ho, ’87; Carnevali et al., ’92a,b).
It has been reported that progesterone specifically
inhibits estrogen-induced vitellogenesis in reptiles
and elasmobranchs. In the turtle Chrysemys picta,
a single injection of progesterone simultaneously
with estradiol delays and diminishes vitellogenesis
in a dose-dependent manner (Ho et al., ’81). In the
little skate Raja erinacea, progesterone adminis-
tration inhibits vitellogenin synthesis in estrogen-
treated females, either intact or hypophysectomized
(Perez and Callard, ’89). How progesterone inhib-
its vitellogenesis, either directly via the vitellogenin
gene or indirectly via estrogen receptor down-regu-
lation, or both, is unknown. Certainly, progester-
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one action requires the presence of a specific re-
ceptor. A PR, whose characteristics recall the sub-
units A and B of the PR of mammals and birds,
has been identified for the first time in the liver
of a reptile, the turtle Chrysemys picta (Riley et
al., ’88). Successively, a PR has been identified and
characterized in the liver of the elasmobranch
Raja erinacea, where its presence in those peri-
ods of the reproductive cycle during which vitel-
logenesis does not occur sustains the hypothesis
that the PR may play a role in inhibiting the vi-
tellogenesis (Paolucci and Callard, ’98). In spite
of several studies carried out on vitellogenin syn-
thesis and regulation in amphibians, the presence
of a PR in the liver has never been investigated
in this class of vertebrates.

For this study we used the oviparous frog Rana
esculenta, a species characterized by a prolonged
recovery period, ranging form September to March,
during which vitellogenin is synthesized in the liver
and accumulated by growing oocytes. Oocytes start
increasing their size quite slowly at the end of sum-
mer and the beginning of fall. From November to
March, their growth proceeds at a fast rate, inter-
rupted only by a period of stasis coinciding with
lethargy, which at this latitude takes place in De-
cember (Rastogi et al., ’83). We undertook the
present study to investigate the presence of a PR
in the liver of the female of the green frog Rana
esculenta. Progesterone binding activity character-
istics have been determined by classic binding as-
say studies and DNA-cellulose chromatography.
Additional information about its receptorial nature
has been provided by using monoclonal antibodies
raised against both the subunits A and B of the
chicken PR. Further, the effect of steroid hormone
treatment on H-P binding activity level has been
evaluated in an experimental design with intact
and gonadectomized females.

MATERIAL AND METHODS

Chemicals and reagents

Radioactive [1,2,6,7->H] Progesterone (*H-P) (SA
= 80.2-111.1 Ci/mmol) was purchased from Amer-
sham Radiochemical Center (Amersham Bucks,
UK). Radioinert steroids used were progesterone,
17B-estradiol, testosterone, deoxycorticosterone
(DOC), corticosterone, 170-hydroxyprogesterone
(Sigma, St. Louis, MO), R5020 (New England
Nuclear, Boston, MA), RU486 and RU26988-5
(Roussel Uclaf, France), and 2914R-2 (provided by
Dr. PN. Rao, Southwest Foundation for Biomedi-
cal Research, San Antonio, TX). Sephadex G-25,
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DNA-Cellulose and Dextran T-70 were from
Pharmacia (Piscataway, NJ). Acrylamide, N-N'-
methylene-bis-acrylamide and other electro-
phoretic materials were from Bio-Rad (Richmond,
CA). MS222 (3-aminobenzoic acid ethyl ester),
Norit A charcoal, protein molecular weight mark-
ers, goat anti-mouse IgG alkaline phosphatase
conjugated were from Promega, mouse IgG puri-
fied immunoglobulins were from Sigma. Maxifluor
scintillation cocktail was obtained from Packard
(Packard, Milan, Italy).

Buffers

The buffers used were as follows: Homogeniza-
tion buffer (50 mM Tris-HCI, 1 mM EDTA, 12 mM
monothioglycerol, 10% glycerol, pH 7.5). Wash-
ing buffer (10 mM Tris-HCl, 3 mM MgCl,, 2 mM
monothioglycerol, 0.25 M sucrose, pH 7.5). The
extraction buffer for nuclear pellets was 0.7 M
KCl in homogenization buffer. The standard
buffer for receptors assay was 10 mM Tris-HCI,
1 mM 2-mercaptoethanol, and 10% glycerol, pH
7.5 (TEMG). Buffers for DNA-cellulose columns
consisted of 200 mg/liter BSA in TEMG (buffer
A); 0.5 M NaCl + 200 mg/liter BSA in TEMG
(buffer B). Western blot buffer consisted of 20 mM
Tris-Base, 150 mM NaCl, 0.5% Tween-20, 1.0%
BSA, pH 7.5. Substrate buffer was 100 mM Tris-
Base, 100 mM NaCl, 50 mM MgCl,, pH 9.5.

Homogenization buffer, washing buffer, extrac-
tion buffer, and TEMG were added with a cocktail
of protease inhibitors consisting of: Trypsin-
Chymotripsin inhibitor 1 pM (Sigma); Pefabloc SC
(AEBSF) 1 mM, Aprotin 0.1 uM, E64 Protease
inhibitor 1 pM (Boehringer Mannheim, GmbH,
Germany).

Experimental design

Sixty adult females of Rana esculenta were cap-
tured from the outskirts of Naples during the
month of October when circulating vitellogenin is
low (Giorgi et al., ’82). Animals were separated
into seven groups and underwent the following
experimental design:

Group 1 (seven animals):Females sacrificed
soon after the arrival
(intact);

Intact females kept in
captivity for the whole
duration of the experi-
ment (captivity);
Females sham oper-
ated soon after the ar-
rival and kept in cap-

Group 2 (eight animals):

Group 3 (nine animals):
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tivity for the whole du-
ration of the experi-
ment (sham).

The following 36 females were ovariectomized and
allowed to recover for two weeks. Afterwards they
were gathered into four groups (nine animals per
group) and treated, any other day, for two weeks as
follows:

Group 4: Animals injected with 0.1 ml of sa-
line solution (NaCl 0.64%) (ovx + ss);
Group 5: Animals injected with 17B-estradiol
(0.1 pg) in 0.1 ml of saline solution
(ovx + Ey);
Animals injected with progesterone
(0.1 pg) in 0.1 ml of saline solution
(ovx + P);
Animals injected with 17B-estradiol (0.1
Hg) and progesterone (0.1 pg) in 0.1 ml
of saline solution (ovx + E,; + P). Ste-
roids were previously dissolved in ab-
solute ethanol, then added to the saline
solution at the required concentration.

Group 6:

Group 7:

Animals were fed on meat worms ad libitum. The
mortality within groups was: 11% within group 2;
18% within group 3; and 21% within groups 4, 5, 6,
7. At the end of the experiment, each group con-
sisted of seven animals (n = 7). Animals were sacri-
ficed the day after the last injection. Upon the
sacrifice, the animals were anaesthetized by immer-
sion in water containing 1% MS222. After sacrifice,
the liver was processed as follows.

Tissue preparation

The liver was perfused with saline solution, ex-
cised, weighed, minced, and homogenized in buffer
in a ratio of 2:1 (buffer:tissue). The homogenate was
filtered through several layers of cheesecloth and
centrifuged at 1500g for 10 min. The supernatant
was centrifuged at 100,000g for 1 hr to yield the
cytosol. The nuclear pellet was washed twice with
washing buffer and resuspended in nuclear extrac-
tion buffer. The suspension was kept on ice for 1 hr
with low stirring to extract nuclear proteins and
centrifuged at 100,000g to yield a clear nuclear ex-
tract. Samples were stored in liquid nitrogen until
further analysis.

*H-P binding assay

To remove endogenous steroids, cytosol was
charcoal stripped prior to analysis by incubating
for 10 min at 4°C with a Dextran coated charcoal
(0.5% charcoal, 0.05% Dextran T-70) pellet derived
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from a suspension equivalent to sample volume,
followed by centrifugation (800g for 10 min at
4°C). Charcoal-stripped cytosol and nuclear ex-
tracts were used undiluted or diluted with TEMG.
For Kd determination, aliquots of 200 pl were in-
cubated with increasing amounts (1-100 nM) of
*H-P with, or without, a 200-fold excess of unla-
beled progesterone for 16 hrs at 4°C. Samples
were supplemented with 1 pM corticosterone to
prevent binding to corticosterone binding globu-
lin-like components (Chen and Leavitt, 79). Af-
ter incubation, 0.6 ml of Dextran coated charcoal
suspension was added. The mixture was vortexed
and kept in ice for 5 min, followed by centrifuga-
tion at 800g for 10 min. The supernatant was de-
canted in counting vials with 5.0 ml Maxifluor
scintillation fluid. Radioactivity was measured in
a liquid scintillation counter (Packard 1600-CA)
at 45% counting efficiency. For single point assay
200 pl of either cytosol or nuclear extract (at a
protein concentration of 1 mg/ml) were incubated
with 20 nM of °H-P in absence or presence of 200-
fold excess of unlabeled progesterone. All samples
were supplemented with 1 pM of corticosterone
to saturate potential glucocorticoid receptor. In-
cubation and separation of bound and unbound
steroids were performed as previously reported.
For binding specificity evaluation, 200 pl of sample
were added to 20 nM of H-P and 1 puM corticos-
terone, with or without 1-, 10-, 100-, 1000-fold ex-
cess of various unlabeled steroids. Incubation and
separation of bound and unbound steroids were
performed as previously reported. The relative
binding affinity (RBA) of each steroid was deter-
mined from the concentration of unlabeled com-
petitor at the 50% level of competition (Leavitt
et al., ’74).

Desalting on Sephadex G-25

Sephadex G-25 was swollen in TEMG and
packed into a 1 x 10 cm column (Pharmacia) at
4°C and washed with 10 vol of TEMG. Nuclear
extract was applied to the column and eluted with
TEMG. Fractions containing receptor were pooled
and used for further analysis.

DNA-cellulose affinity chromatography

DNA-cellulose procedure was similar to that de-
scribed in Salhanick et al. ('79), except for a few
changes. The post-labeling method was used.
Charcoal stripped cytosol (1 ml) and nuclear ex-
tract (1 ml), previously de-salted by chromatog-
raphy on G-25 Sephadex columns, were applied
to DNA-cellulose columns (0.5 x 10 cm) and equili-
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brated overnight with DNA-cellulose buffer A. The
columns were incubated at 22°C for 30 min. The
following procedures were carried out at 4°C. The
columns were washed with buffer A for 3 hr. 20
nM 3H-P plus 1 pM corticosterone in the pres-
ence or absence of 200-fold excess unlabeled
progesterone in 1 ml of buffer A was added and
absorbed onto the columns, followed by a 16 hr
incubation at 4°C. The columns were then washed
for 6.5 hr with buffer A, and 1 ml fractions were
eluted with a linear 0-0.5 M NaCl using buffers
A and B at a flow rate of 2 ml/hr. Salt concentra-
tion was determined by conductivity meter Econo
Gradient Monitor (Bio-Rad) and radioactivity by
scintillation counting.

DEAE-Sepharose chromatography

DEAE-Sheparose chromatography was per-
formed according to Reese and Callard (’89). Ana-
Iytical columns, 5 mm x 100 mm, were packed
with DEAE-Sepharose in TEMG at 4°C and
washed overnight with the same buffer. Char-
coal stripped cytosols (0.5 ml) or de-salted
nuclear extracts (0.5 ml), were incubated with
20 nM °H-P and 1 uM corticosterone, with or
without 200-fold excess of unlabeled progester-
one. After 16 hr incubation at 4°C, an equal vol-
ume of Dextran coated charcoal solution was
added to the samples, which were vortexed, in-
cubated at 4°C for 10 min, and centrifuged at
1000g for 10 min. A 0.4 ml aliquot of superna-
tant was added to the columns. The columns
then were washed with 15 vol of TEMG and
eluted with 20 ml linear 0-0.5 M NaCl gradi-
ent. Fractions (0.5 ml) were collected at a flow
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Fig. 1. Saturation (A) and Scatchard analysis (B) of 3H-
P binding in the cytosol of the liver of Rana esculenta. Only
the specific binding is shown in the Scatchard plot. The
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rate of 2 ml/hr and 4 ml of scintillation cocktail
were added before counting. Salt concentration
was determined by Conductivity Meter Econo
Gradient Monitor (Bio-Rad) and radioactivity by
scintillation counting.

Electrophoresis and Western blotting

Samples of cytosol and nuclear extract from
whole tissue eluted from DNA-cellulose chroma-
tography (40 pg total protein each) were run on
discontinuous polyacrylamide gradient gel (5—
20%), under denaturing conditions as described
by Laemmli ("70). The Western procedure was ac-
cording to Sullivan et al. ('88), with modifications
as follows: after electrophoresis the proteins in
gels were transferred onto nitrocellulose mem-
brane (Schleicher and Schuell, Keene, NH) using
a Mini Trans Blot Cell (Bio-Rad) (60 min run,
with 250 V at the beginning and 350 V at the
end). The nitrocellulose membranes were blocked
for 30 min at 37°C in Western buffer. Nitrocellu-
lose membranes were incubated with antibody to
chicken PR (PR22, provided by Dr. D.O. Toft,
Medical School, Rochester, MN) or mouse IgG
(Sigma) at a concentration of 10 pg/ml in West-
ern buffer overnight at 4°C. Nitrocellulose mem-
branes were washed three times in Western buffer
and incubated with alkaline phosphate conjugated
antimouse IgG (from Promega) diluted 1:500 in
Western buffer at 22°C for 4 hr. Nitrocellulose
membranes then were washed three times in
Western buffer. The antibody complex on nitro-
cellulose membranes were stained with 0.03%
nitroblue tetrazolium (wt/vol, Sigma) and 0.03%
3 bromo-4-cloro-5-indolyl phosphate (wt/vol,
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experiment was repeated three times with similar results.
@ = specific binding; M = total binding; [] = non-specific
binding.
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Fig. 2. Saturation (A) and Scatchard analysis (B) of *H-P
binding in the nuclear extract of the liver of Rana esculenta.
Only the specific binding is shown in the Scatchard plot. The

Sigma) in substrate buffer. Molecular markers
from Sigma were used as standards.

Protein determination

Protein concentration was determined by the
method of Lowry et al. (’51), using BSA as a
standard.

Statistical analysis

Numerical data were analyzed by a one-way
ANOVA method, followed by Duncan’s multiple
range test. Values were expressed as means * SD.

RESULTS
*H-P binding characteristic

*H-P binding activity was detected in both cyto-
sol and nuclear extract. It showed high affinity and
low capacity for the ligand. The average Kd was
6.8 £ 2.0 nM in the cytosol (Fig. 1) and 2.0 £ 1.1
nM in the nuclear extract (Fig. 2). Only one bind-
ing component was present and the saturation was
reached at a concentration of 20 nM of *H-Proges-
terone in both cytosol and nuclear extract.

The specificity of H-P binding activity is re-
ported in Table 1. Competition curves of unlabeled
steroids for *H-P binding sites in cytosol and
nuclear extract are reported in Fig. 3. In the cy-
tosol, P, testosterone, and deoxycorticosterone, all
competed to the same extent. The other competi-
tors did not compete effectively. In the nuclear ex-
tract, P was the best competitor, followed by
R5020. 17B-estradiol, corticosterone, testosterone,
deoxycorticosterone, 17-hydroxyprogesterone, and
the antagonists 2914-R2, RU486 and RU266998-
5, all competed less effectively.

Cytosol and nuclear extract from the liver were
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experiment was repeated three times with similar results. ®
= specific binding; M = total binding; [] = non-specific binding.

subjected to DNA-cellulose affinity chromatogra-
phy under post-labeling conditions. Figure 4 shows
the DNA-cellulose chromatography profiles after
the columns were washed free of DNA non-adher-
ing components. A single peak of radioactivity was
eluted at about 0.05 M NaCl.

When both cytosol and nuclear extract were ana-
lyzed by DEAE-Sepharose chromatography, a single
peak of radioactivity was eluted at a salt concen-
tration between 0.04 and 0.09 M NacCl (Fig. 5).

Effect of estradiol and/or progesterone
treatment on *H-P binding in ovariectomized
females

Figure 6 shows the effects of hormonal treatment
on H-P binding activity level. Ovariectomized fe-
males treated with saline solution showed the high-
est levels of “H-P binding activity in both cytosol
and nuclear extract. Indeed, ’H-P binding activity
levels were significantly higher in ovariectomized

TABLE 1. Competitive binding activity of various steroids
for *H-progesterone binding sites in the cytosol and nucelar
extract of the liver of Rana esculenta

RBA!

Steroid Cytosol Nuclear extract
Progesterone 100 100
Testosterone 100 1.8
17B-estradiol <1 10.0
R5020 <1 69.0
Corticosterone <1 10.0
Deoxycorticosterone 100 8.5
17a-Hydroxyprogesterone <1 7.8
Antagonist 2914-R2 <1 6.8
Antagonist RU26998-5 <1 13.7
Antagonist RU486 <1 6.5

'RBA = relative binding activity.
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Fig. 3. Competition of unlabeled steroids for *H-P bind-
ing sites in the cytosol and nuclear extract of the liver of
Rana esculenta. Each point represents the mean of three dif-

females than in intact females sacrificed soon after
capture, in intact females kept in captivity for the
whole duration of the experiment, and in sham op-
erated females. Treatment with estradiol and/or
progesterone brought about a decrease in “H-P bind-
ing activity levels in both cytosol and nuclear ex-
tract. Statistical analysis (ANOVA and Duncan test)
results are given in Table 2 and Fig. 6, respectively.

Western blotting

Western blot analysis was performed with
monoclonal antibodies against purified chicken
PR subunits A and B. When liver cytosol and
nuclear extract were resolved on SDS polyacry-
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Fig. 4. DNA-cellulose chromatography profile of *H-P bind-
ing in the liver cytosol (A) and nuclear extract (B) of Rana
esculenta. The linear gradient 0-0.5 M NaCl is reported on
the right (V). Total binding (@®); non-specific binding (O).
Data were similar in three separate experiments. Samples
were from non-laying skates.

T T
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ferent determinations. The relative binding assay (RBA) of
each steroid was determined from the concentration of unla-
beled competitor at the 50% level of competition.

lamide gel and then transferred by blotting, the
monoclonal antibody cross-reacted with a band
corresponding to a molecular weight of about 67
kDa (Fig. 7). Western blotting of putative PR af-
ter DNA-cellulose chromatography of cytosol and
nuclear extract preparations provided further sup-
port for the identity of the DNA-adhering frac-
tion as PR (Fig. 8). Western blotting of cytosol
and nuclear extract of liver of females subjected
to the experimental design showed one immunore-

2000 - [ 05

- 0.4

(W) 10®N

F 0.1
1000 -

Specific *H-P, Bound (CPM)

o] S

0 10 20 30 40

fractions

Fig. 5. DEAE-Sepharose chromatography of *H-P bind-
ing in the nuclear extract of the liver of Rana esculenta. Only
specific binding is reported. The linear gradient 0-0.5 M NaCl
is reported on the right (A).
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Fig. 6. °H-P binding activity levels (fmoles/mg protein)
in cytosol (O) and nuclear extract (Hl) of liver of Rana
esculenta females subjected to different experimental treat-
ment (see Material and Methods). Values are shown as
means = SD. Data for cytosol and nuclear extract were ana-
lyzed separately with Duncan’s test and identified with italic
and capital letters, respectively. Different letters over bars
indicate statistically significant differences at P < 0.01. In-

active band of about 67 kDa (Fig. 9). The inten-
sity of the immunoreactive band in females ova-
riectomized and treated with saline solution was
stronger than the immunoreactive band of the
other groups (Fig. 9, lane a). In any of the above
cited cases, the immunoreactive band of 67 kDa
was undetected when mouse IgG were used as a
control in place of PR22 antibodies.

DISCUSSION

In this study we identified a PR in the liver of
an amphibian, the female of the green frog Rana

TABLE 2. ANOVA analysis

Variability FD Deviation Variation F
Cytosol
Total 48 2827 —
Among groups 6 2759 459 286.8%*
Within groups 42 68 1.6
Nuclear extract

48 2856 —
Among groups 6 2748 458 176.1%
Within groups 42 108 2.6

*P < 0.01.

tact = non-operated females sacrificed soon after capture;
capt = non-operated females kept in captivity for the whole
duration of the experiment; sham = sham operated; ovx+SS
= ovariectomized injected with saline solution; ovx+Es = ova-
riectomized injected with 17B-estradiol; ovx+Eq+P = ovariec-
tomized injected with 17B-estradiol and progesterone; ovx+P
= ovariectomized injected with progesterone.

esculenta. *H-P binding activity was present in
both cytosol and nuclear extract, showing high af-
finity and low capacity for the ligand. Scatchard
analysis revealed only one binding site for proges-
terone, with a Kd of about 10~ M, a value similar
to the one reported for PR in the oviduct of the
watersnake Nerodia sipedon (Kleis-San Francisco
and Callard, ’86a) and in both the oviduct and
liver of the little skate Raja erinacea (Paolucci and
Callard, ’98).

The nuclear PR in the liver of Rana esculenta
was specific for progesterone, while the cytoso-
lic PR also bound testosterone and DOC other
than progesterone. The low specificity of bind-
ing in the cytosol could be due to an interfer-
ence exerted by other binding molecules. Indeed,
an androgen binding moiety has been identified
in the liver of Rana esculenta, which binds both
androgens and 17B-estradiol, but not progester-
one (De Fiore et al., ’98). Although in the dog-
fish testis Cuevas and Callard ("92) were able to
separate the androgen receptor from the PR on
the basis of their different specificity for mi-
bolerone and R5020, respectively, we made no
attempt to distinguish between these two recep-
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Fig. 7. Western blots of Rana esculenta liver cytosol (lanes
a and c¢) and nuclear extract (lanes b and d) incubated with
PR22 antibodies (lanes a and b) and with mouse IgG as a
control (lanes ¢ and d). The experiment was performed at
least three times on cytosol and nuclear extract from differ-
ent animals and gave similar results. Molecular weight mark-
ers are reported on the left.

tor types in the liver of Rana esculenta. The low
specificity of the cytosolic PR in the liver of Rana
esculenta could also be attributed to a contami-
nation of sex steroid binding proteins (SSBPs).
However, SSBPs characterized in Rana esculenta
bind both testosterone and estradiol, but not
progesterone (Paolucci and Di Fiore, '94a). DOC
was a potent competitor for the cytosolic bind-
ing site and suggests a possible interference with
corticosteroid binding sites. Although it is not
known whether corticosteroid binding molecules
are present in Rana esculenta liver, we chose to
saturate potential corticosteroid receptors by
adding 1 pM of corticosterone to our samples,

PR22 IgG

67 kDa

e -

= .= . i

e e

Fig. 8. Western blot of liver nuclear extract after DNA-
cellulose chromatography. Cytosol gave similar results. West-
ern blots were performed three times on cytosol and nuclear
extract from different samples with consistent results. PR22
= DNA-cellulose eluted nuclear extract incubated with PR22
antibodies; IgG = DNA-cellulose eluted nuclear extract incu-
bated with IgG as a control. The molecular weight marker is
reported on the left.
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Fig. 9. Western blot of liver nuclear extract of Rana
esculenta females after experimental treatment. a and h =
ovariectomized injected with saline solution; b and i = intact;
¢ and | = intact females kept in captivity; d and m = sham
operated; e and n = ovariectomized injected with progester-
one and 17B-estradiol; f and o = ovariectomized injected with
17B-estradiol; g and p = ovariectomized injected with proges-
terone. Lanes from a to g were incubated with PR22 antibod-
ies; lanes from h to p were incubated with mouse IgG as a
control. Western blots were repeated three times with con-
sistent results. Cytosol gave similar results. Molecular weight
markers are reported on the left.

on the basis of corticosteroid receptor character-
istics in mammals, which are known to bind
progestins (Chen and Leavitt, "74).

Western blot analysis of the hepatic PR of Rana
esculenta sustains, along with binding studies, the
presence of only one form of PR. Indeed, one im-
munoreactive band with a Mw of about 67 kDa
was present in both cytosol and nuclear extract.
This value is rather low, although literature has
reported an ample variety of PR forms with di-
verse Mw. Indeed, several truncated forms of PR,
lacking the amino-termini and with a Mw com-
prised between 110 and 65 kDa, have been de-
scribed in the human uterus (Vu-Hai et al., ’89).
Moreover, a putative PR isoform C with a Mw of
64 kDa has been detected throughout the repro-
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ductive cycle in the liver of Chrysemys picta
(Giannoukos and Callard, ’95). It is possible that
the PR form in Rana esculenta represents a pro-
teolytic fragment of a larger PR form. However,
we are confident that this possibility can be ruled
out in this case, since protease inhibitors were
added to our samples.

In agreement with the immunological evidence
of the presence of only one form of PR in Rana
esculenta, only one peak of ’H-P binding activity
was eluted on both ionic-exchange chromatogra-
phy and DNA-cellulose chromatography. More-
over, the DNA-cellulose eluted peak cross-reacted
with antibodies against the chicken PR, showing
an immunoreactive band of the same Mw of that
one present in the crude preparation of cytosol
and nuclear extract. On the contrary, in the ma-
jority of vertebrates, PR is formed by two sub-
units or isoforms A and B (Krett et al., '88;
Savouret et al., ’89; Carbajo et al., ’96). The only
*H-P binding site that we have detected in Rana
esculenta, shows an affinity value for progester-
one comprised between the high affinity and low
affinity values reported in other vertebrates.
Thus, this situation poses the problem of ascrib-
ing the PR of Rana esculenta to either PR-A or
PR-B. According to the data presented here, it
seems that the PR in Rana esculenta is not
present with two isoforms or subunits. Certainly,
we cannot exclude that specific phases of the re-
productive cycle may accompany with distinct
forms of PR, which could be absent in the period
we have taken into consideration (beginning of
recovery period). Thus, in the liver of Chrysemis
picta, the isoform PR-B was detected only during
the early and late luteal stages (Giannoukos and
Callard, ’95), and in the oviduct the expression of
PR isoforms or subunits is modulated by steroids
(Giannoukos and Callard, ’96). Our data show
that no additional immunoreactive bands were
observed in Rana esculenta following hormonal
treatment. Instead, the intensity in the 67 kDa
immunoreactive band increased after ovariectomy
and decreased after hormonal treatment suggest-
ing a direct influence of estradiol and/or progest-
erone on PR levels.

Studies carried out on lower vertebrates report
that PR fluctuates throughout the reproductive
cycle, along with the plasma steroids estradiol and
progesterone (Kleis-San Francisco and Callard,
’86b; Paolucci and Di Fiore, ’94b; Giannoukos et
al., ’95; Giannoukos and Callard, ’95; Paolucci and
Callard, '98). This behavior suggests that the in-
ternal hormone environment may influence PR.
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Although PR regulation exerted by estradiol and/
or progesterone has been investigated in several
species of vertebrates, it is difficult to draw a
clear-cut conclusion. Among lower vertebrates, PR
regulation has been studied only in reptiles, with
results not always in agreement (Selcer and
Leavitt, '91; Paolucci and Di Fiore, '94b; Giann-
oukos and Callard, ’96). In this study we observed
that in the liver of Rana esculenta, ovariectomy
is followed by an increase in PR levels. Further,
PR levels decrease in estradiol and/or progester-
one injected animals. Thus, our data suggest that
in Rana esculenta the ovary may exert a nega-
tive regulation on PR. In light of the hypothesized
role of progesterone as a suppressor of vitellogen-
esis during the ovarian cycle (Callard et al., ’92),
we can attempt an interpretation regarding the
physiological role of PR in the liver of Rana
esculenta. Although speculative, we can hypoth-
esize that during the reproductive cycle, when the
levels of circulating estradiol and progesterone are
low, as occurs at the beginning of the recovery
period (Paolucci et al., ’90), PR levels in the liver
are high and, therefore, vitellogenin synthesis is
kept at its minimum. As follicular growth pro-
ceeds, estradiol and progesterone levels increase
(Wallace, ’85), causing a decrease in PR levels
with a consequent augmentation of the rate of
hepatic synthesis of vitellogenin. Incidentally, es-
tradiol receptor fluctuates in the liver of Rana
esculenta throughout the reproductive cycle, in-
creasing from the beginning of the recovery pe-
riod to attain a maximum level around the time
of ovulation (Paolucci and Botte, '88). In agree-
ment with ER fluctuations, vitellogenin levels in
the plasma are low during the post-reproductive
period and increase at the beginning of the re-
covery period with a climax shortly before ovula-
tion (Giorgi et al., ’82).

In summary, we have identified and partially
characterized a PR in the liver of the green frog
Rana esculenta. According to the immunoreactiv-
ity and binding assay, it seems that PR charac-
teristics are quite different from those described
so far in other vertebrates. The down regulation
exerted by estradiol and/or progesterone provides
indirect evidence of the possible involvement of
the PR in the modulation of vitellogenesis. The
mechanism whereby vitellogenin production is
modulated during the reproductive cycle of ovipa-
rous species has important evolutionary implica-
tions. During the evolution from the oviparous to
the viviparous mode of reproduction, PR might
have played a role in the gradual elimination of
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yolk (Callard et al., ’92). Our data on the pres-
ence of a PR in amphibians further sustains this
theory. Moreover, the evidence that only one form
of PR is expressed in amphibians provides a use-
ful indication to trace a phyletic pattern of PR
whose specific function seems to be carried on by
only one subunit in ancient vertebrates.
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