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ABSTRACT — In the oviparous lizard, Podarcis s. sicula, 17/?-estradiol binding molecules were
characterized in the oviduct and plasma. In addition, their concentration was evaluated throughout the
annual cycle.

In the oviduct, a 17/?-estradioI receptor (ER) is present. It shows high affinity for ligand (4.9-7.0 X
10 _1() M). It is decreased by ovariectomy, and induced by 17/?-estradiol treatment. 17/?-estradiol causes
also a ER shift from the cytosol into the nuclei. On sucrose gradient ER behaviour is consistent with the
properties of ER obtained from other 17/?-estradiol target organs. At isoelectrofocusing the labeled
17/?-estradiol binding molecules fall into three pH ranges: 5.2-5.6, 7.0-7.7, 8,0-8.7.

Nuclear filled ER significantly increases as oviduct grows. This supports an ER role in oviduct
stimulation by 17/?-estradiol.

In the plasma, 17/9-estradiol binding molecules show many physico-chemical and behavioural
properties of steroid-binding proteins (SBPs).

INTRODUCTION

In  the  lizard,  Podarcis  s.  sicula,  like  in  most
oviparous reptiles living in temperate zones, the
female genital apparatus is active during spring
and keeps quiescent for the rest of the year [1]. In
early spring, as animals leave their winter shelters,
several  ovarian  follicles  undergo  vitellogenesis,
becoming yolky and ripe in a few weeks. Ovarian
resumption is accompanied by parallel progressive
growth  of  the  oviduct,  which  rapidly  reaches
maturity. Reproductive females usually lay one to
three egg clutches (three to six eggs per clutch at
20-day  intervals),  starting  from  the  first  half  of
May. In late spring, the breeding season ceases,
the  ovary  becomes  quiescent,  and  the  oviduct
regresses assuming a typical thread-shaped aspect
[2,3].

The mature oviduct shows complex gross mor-
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phology  and  includes  four  regions,  cranio-
caudally: infundibulum, tuba, uterus and vagina.
Histologically, it is characterized by considerable
hypertrophy  of  the  epithelium  and  associated
glands. Moreover, oviduct development and activ-
ity give rise to several biochemical events involving
RNA and protein synthesis [4, 5], as well as some
hydrolytic  enzyme  activity  [4].  Lizard  eggs  are
supplied with little albumen and a coriaceous shell,
which are secreted by tubal and uterine glands,
respectively [6, 2].

Seasonal oviduct growth depends on ovarian sex
hormones,  since,  in  prereproductive  females,  it
can be easily prevented by ovariectomy and res-
tored by 17/?-estradiol or testosterone injections
into spayed females [7]. Moreover the presence of
sex hormone-binding molecules in oviduct cytosol
and nuclei, has been also reported [8].

This  work  was  undertaken  with  the  aim  of
defining the properties of oviduct 17/?-estradiol
binding molecules in lizards, and ascertaining their
putative receptor nature. Moreover, the concen-
tration  of  these  molecules  has  been  evaluated
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throughout  the  breeding  period  and  in  17/?-
estradiol and/or progesterone treated and spayed
females, in relation to the plasma titres of steroid
binding proteins (SBPs) and sex hormones.

MATERIALS  AND  METHODS

Animals  Adult  females  of  Podarcis  s.  sicula
were  caught  in  the  outskirts  of  Naples  during
October  1990-July  1991.  Soon  after  capture,  the
animals were anaesthetized with ethyl ether and
bled through a heparinized glass capillary inserted
in the heart. After brief centrifugation, the plasma
was stored in liquid nitrogen until use. At autopsy,
the oviducts were rapidly removed, rinsed in 0.7%
saline  solution  in  order  to  eliminate  any  blood
trace,  weighed  and  plunged  in  liquid  nitrogen.
Macroscopical oviduct development and ovarian
follicle diameters were assessed by direct inspec-
tion, and the tissues were divided into four groups,
according to the stage of oviduct development:

1.  Quiescent  stage  (October-February).  Ovi-
ducts showed a thread-like aspect (about 19 mg
weight each).  The ovary contained only previtel-
logenetic follicles.

2.  Recovery  stage  (March-April).  Oviducts
were growing and each of them weighed about 30
mg. In the ovary, several follicles were engaged in
vitellogenetic processes.

3.  Full  growth  stage  (April-June).  Oviducts
appeared full grown, and each of them weighed
about  80  mg.  In  each  ovary  1  to  3  ripe  follicles
were ready to ovulate.

4.  Secretive  stage  (June-July).  Eggs  were  con-
tained in the oviduct which weighed about 60 mg.

For experimental studies lizards, caught both in
October  and  June,  were  reared  in  terraria  at  a
temperature  of  28°C,  with  a  photoperiod  L:D  =
16:8, and fed on meal worms and vegetables ad
libitum.  October  lizards  were  ovariectomized;
four  weeks  later  they  were  divided  into  four
groups,  each of  20 animals,  and treated for  two
weeks as follows.

Group  1  :  injected  every  two  days  intraperi-
toneal^ with 0.1 fig of 17/3-estradiol (Sigma) dis-
solved in 0.1 ml of 0.7% saline.

Group 2: injected with 0. 1 //g of progesterone
(Sigma) dissolved as before.

Group  3:  injected  with  both  0.1  fig  of  17/?-
estradiol and 0.1 jug of progesterone.

Group 4: injected with 0.1 ml of solvent.
Twenty-four  hours  after  the last  injection,  the

lizards were killed and processed as reported be-
fore.

June intact lizards with secretive oviducts, were
divided  into  two  groups,  each  of  10  animals.
Group  1  animals  were  injected  intraperitoneally
with 0.1 /ug of 17/?-estradiol (Sigma) dissolved in
0.1  ml  of  0.7%  saline.  Group  2  animals  received
the solvent alone. The lizards were killed six and
twenty-four hours later, and their oviducts were
utilized as reported above.

Preparation  of  oviduct  subcellular  fractions  All
procedures were carried out  at  0-4°C.  Analytical
grade  chemicals  were  used.  Oviducts  were
weighed, minced and homogenized in 3.5 vol (w/
v)  of  TEMG  (10  mM  Tris-HCl,  1  mM  EDTA.  1
mM  2-mercaptoethanol,  10%  glycerol,  pH  7.8),
containing 0.05 M NaCl (homogenization buffer).
The suspension was centrifuged at 800 Xg for 10
min. The supernatant was centrifuged at 105,000
Xg for 1 hour in order to obtain the cytosol. The
800 Xg pellet  was suspended in  10  vol  of  buffer
Tris-HCl  10  mM  containing  3  mM  MgCU  2  mM
monothioglycerol. 0.25 M sucrose, pH 7.5 (rinsing
buffer), pelletted and rinsed twice with the same
buffer volume. Final pellet was suspended in 3.5
vol.  (w/v)  of  TEMG  containing  0.7  M  KC1  (ex-
traction  buffer).  This  suspension  was  frozen,
thawed, and left 1 hour in ice bath with occasional
stirring.  The  suspension  was  thereafter  centri-
fuged at 105,000 Xg for 1 hour. The supernatant
constituted the nuclear extract.

Measurement of i H-l7 ^-estradiol binding in cytosol
and  nuclear  extract  (2,4,6,7-  3  H)-17/3-estradiol
(90/110  Ci/mmole)  was  purchased  from  Amer-
sham  Radiochemical  Centre  (Amersham,  Bucks,
U.K.);  unlabeled  steroids  were  obtained  from
Sigma  Chemical  Co.  (St.  Louis,  MO,  USA).

Endogenous steroids were previously stripped
from  samples  by  adding  an  equal  volume  of
TEMG  containing  0.05%  (w/v)  dextran  (Dextran
T-70,  Pharmacia  Fine  Chemicals,  Piscataway,  NJ
USA)  and  0.5%  (w/v)  active  charcoal  (Norit  A
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charcoal-Sigma,  St.  Louis,  MO  USA).  The  mix-
ture was vortexed and incubated for 10 min at 4°C.
The  charcoal  was  removed  by  centrifugation  at
3000  rpm  for  10  min.  The  steroid-free  super-
natants were utilized for all subsequent analyses.

Aliquots (0.2 ml) of cytosol and nuclear extract
were incubated with 5 nM labeled 17/3-estradiol,
with or without a 100-fold excess of diethylstylbe-
strol (DES) (DES does not bind to steroid binding
proteins in plasma, therefore it is used to discri-
minate between 17/?-estradiol binding sites in plas-
ma and in tissues). After 16 hours incubation at
4°C,  0.6  ml  of  active  charcoal  suspension  was
added to the incubation medium. The mixture was
vortexed and kept for 5 min in ice bath; thereafter
it was centrifuged at 800 Xg for 10 min at 4°C. The
supernatant was decanted in counting vials and
added with Maxifluor scintillation fluid (Maxifluor,
Packard,  Milan.  Italy).  Radioactivity  was  mea-
sured in a Liquid Scintillation Spectrometer (Pack-
ard 1600-CA) at 45% counting efficiency.

For K d determinations, 0.2 ml aliquots of cyto-
sol  and  nuclear  extracts  were  added  to  tubes
containing  increasing  amounts  (0.3  to  5  nM)  of
labeled 17/3-estradiol, with or without a 100-fold
excess of DES. Incubations were carried out for 16
hours at 4°C. Bound and unbound steroids were
separated by  adding 0.6  ml  of  charcoal-dextran
suspension as  reported before.  Specific  binding
data  were  analyzed  according  to  Scatchard's
graphic method [9].

Labeled  17/3-estradiol  unfilled  (RU)  binding
sites  were  determined  by  incubation  0.2  ml  of
samples with 5 nM labeled 17/3-estradiol with or
without  a  100-fold  excess  of  DES  for  30  min  at
0°C. Total binding sites (RT) were determined by
incubating  similar  mixtures  for  30  min  at  20°C.
The filled binding sites (RF) were calculated by the
formula:  RT-RU  =  RF  [10].

For binding specificity evaluation, 0.2 ml sam-
ples were added to 5 nM of labeled 17/3-estradiol
with or without increasing amount (10 _9 -10~ 6 M)
of  various  unlabeled  steroids.  Incubation  and
separation of bound and unbound steroids were
performed as reported before.

Measurement of 3 H-1? '(^-estradiol binding in the
plasma  Endogenous  steroids  were  removed  as

reported  above.  For  K  d  determination,  plasma
aliquots (0.2 ml), diluted with TEMG to a protein
concentration  of  2  mg/ml,  were  used.  Proteins
were determined by Lowry et al.'s (1951) method
[11],  using  BSA  as  a  standard.  Samples  were
added to tubes containing increasing amounts (0.3
to 20 nM) of labeled 17/3-estradiol, with or without
a  100-fold  excess  of  unlabeled  17/3-estradiol.
Tubes were incubated at 0°C for 1 hour and there-
after added with 0.6 ml of dextran-charcoal sus-
pension. The mixtures were briefly vortexed and
incubated  1  min  at  0°C.  After  centrifugation,
supernatants were decanted in counting vials and
added  with  5  ml  Maxifluor  scintillation  fluid  to
evaluate radioactivity as reported before. Binding
specificity was determined by incubating samples
(0.2 ml) with 20 nM of labeled 17/3-estradiol with
increasing  amounts  (10  -10  M)  of  various  un-
labeled  steroids.  Incubation  procedures  and
radioactivity evaluation were as reported before.

Isoelectrofocusing  The  method  reported  by
Matsumada and Goldman was used [12]. Cytosolic
and nuclear extract samples (0.2 ml) were preincu-
bated with 5 nM labeled 17/3-estradiol for 1 hour at
4°C; plasma samples were subjected to the same
incubation procedure although with 20 nM labeled
17/3-estradiol.  A  glass  column  (31x0.5  cm)  was
filled  with  a  mixture  of  12.5%  sucrose  in  water
containing  0.01%  Triton  X-100  and  3%  Ampho-
line  (Pharmacia,  Sweden)  pH  3.5-10.  After  a
prerun of 1 hour at 4°C, 200 V, the samples were
layered  on  top  of  the  gradient.  Electrofocusing
was carried out for 16 hours at 4°C, 200 V. At the
end of the run, 0.4 ml aliquots were removed from
the bottom of the column and used for the evalua-
tion of the pH gradient and 17/3-estradiol binding
as described above.

Sucrose  density  gradient  Aliquots  (0.2  ml)  of
cytosol, nuclear extract and plasma were preincu-
bated with labeled 17/3-estradiol (5 nM for tissue
extracts and 20 nM for plasma) for 1 hour at 4°C.
Afterwards they were layered on the top of 4.4 ml
of  5-20%  sucrose  linear  gradient  in  TEMG  con-
taining 0.7 M KC1, and centrifuged at 189,000xg
at  4°C for  16  hours.  Ovalbumin (3.7  S),  albumin
(4.6 S) and catalase (10.5 S) (Sigma) were run as
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markers  in  parallel  gradients.  After  centrifuga-
tion, the gradient were fractionated by collecting
0.2 ml aliquots from the punctured bottom of the
tubes.  Samples  were  reincubated  with  5  nM
labeled 17/3-estradiol with or without a 100-fold
excess of DES or 17/3-estradiol, in order to evalu-
ate the specific binding.

Measurement of plasma 1 7 ^-estradiol and progeste-
rone  A  radioimmunoassay  (RIA)  method
adapted to Podarcis s. sicula plasma was employed
[13].  Sensitivity was 3 pg for both 17/?-estradiol
(intraassay  variability  7%;  interassay  variability
13%) and progesterone (intraassay variability 6%;
interassay variability 9%).

Statistical  analysis  Numerical  data  were  analy-
zed  by  the  ANOVA  method,  followed  by  the
Duncan multirange test.

RESULTS

Labeled 17/3-estradiol binding molecules were
present both in the cytosol and the nuclei of the
lizard oviduct,  and showed a high ligand affinity
(K  d  =  7.0xlO-  10  M  for  cytosol  and  K  d  =  4.9x
10"  10  M  for  nuclear  extract)  (Fig.  1A,  B).
Labeled  17/3-estradiol  binding  molecules  were
found also in the plasma, though showing lesser
ligand  affinity  (K  d  =  0.8xl0"  8  M)  (Fig.  1C).  The
affinity values did not undergo significant modifica-
tions in the various phases of the breeding cycle
(Table 1).

Fig.  2  reports  the  specificity  of  labeled  17/3-
estradiol molecules in cytosol, nuclear extract and
plasma  samples.  Both  17/3-estradiol  and  DES
competed very well in the nuclear extract, though
specificity curves suggest that labeled 17/3-estradiol
molecules bind 17/3-estradiol thighter than DES,
while corticosterone, progesterone and testoster-
one  competed  poorly.  17/3-estradiol  competed
very well in the cytosol, followed by progesterone,
testosterone,  DES  and  corticosterone.  In  the
plasma, progesterone, testosterone and corticos-
terone competed with labeled 17/3-estradiol mole-
cules, whereas DES was inefficacious.

Table  2  reports  the  levels  of  oviduct  unfilled
(RU) and rilled (RF) labeled 17/3-estradiol binding

Kd = 7.0xlO

Fig. 1. Saturation curve and Scatchard analysis of 17/3-
estradiol binding molecules in the oviduct cytosol
(A) and nuclear extract (B) and in the plasma (C) of
lizard, Podarcis s. sicula during different phases of
the reproductive period. (A) cytosol of quiescent
oviduct; (B) nuclear extract of secretive oviduct; (C)
plasma (February). T = Tolal; S = Specific NS =
Not specific.

sites during the breeding cycle. In the cytosol and
nuclear extract both RU and RF binding sites were
always present; however, RU sites constantly pre-
vailed. RU reached the highest level in quiescent
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Table 1. K d of the 3 H-17/?-estradiol binding activity in the lizard Podarcis s. sicula oviduct and plasma
during the reproductive cycle

Oviduct stage (n)* Cytosol Nuclear extract Plasma

Quiescent
Full-grown
Secretive

15 7.0 + 0.9X10-"' M
n.d.**

8.9+1. 1X10-'°M

12.1+3.4xlO- 10 M
1.3±0.2X10-'"M
4.7 + 0.5xlO-'°M

0.8±0.3X10- 8 M
1.5 + 0.4X10- X M
0.1+0.1X10- 8 M

Each value is the mean±SE of three different determinations.
* number of animals for each determination.

** not calculated because abnormal scatchard curue profiles.

Competitor  Concentration  (M)

Fig. 2. Labeled 17/?-estradiol binding specificity in the oviduct cytosol (A) and nuclear extract (B), and in the plasma
(C). Samples refers to Podarcis s. sicula having full grown oviducts. Incubation were carried out with labeled
17/?-estradiol and increasing amounts of competitors (10 -9 -10~ 6 M). Competition is expressed as a percentage
of specific labeled 17/?-estradiol binding. (A = Corticosterone; = Diethylstylbestrol; ■=Testosterone; A.=
Progesterone; •=17/?-estradiol).

Table 2. Changes in the level of oviduct estradiol binding activity, plasma estradiol binding activity and
plasma estradiol and progesterone in the lizard, Podarcis s. sicula during the reproductive cycle

Oviduct estradiol binding activity (fmol/g tissue)
Oviduct
stages (n) 4 Cytosol

Receptor Receptor
unfilled* filled 4 *

Plasma estradiol
binding activity

Plasma concentration

Nuclear extract binding activity Progesterone Estradiol
Receptor  Receptor  (fmol/mg  protein)  (ng/ml)  (ng/ml)
unfilled*  filled*

Quiescent  6
Recovery  5
Full-growth 2
Secretive  3

13108+1543 991 + 141
3577+ 365 405+ 49
220+  35  145+  11

1156+ 131 164+ 13

4711 + 568 371+35
3266 + 319 643 + 65
2408 + 223 452 + 31
717+ 68 173 +  15

86.4+ 9.3
n.d.**

145.7+15.1
71.8+ 6.7

4.5 + 1.1
n.d.**

60.0 + 9.9

1.2 + 0.3
n.d.**

1.4 + 0.4
4.5+1.1  0.2  +  0.06

Each value is the mean + SE of four different determinations.
* number of animals per each determination.

** not dosed.
* Receptor filled = 17/3-estradiol binding sites occupied by the endogenous hormone at the time of the assay.

Receptor unfilled = 17/?-estradiol binding sites not occupied by the endogenous hormone at the time of the assay.
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Fig. 3. Isoelectrofocusing profiles of labeled 17/9-estradiol binding molecules in the oviduct cytosol (A) and nuclear
extract (B), and in the plasma (C) of Podarcis s. sicula having full grown oviducts. Specific bound is shown.
Oblique line represents the pH gradient. Each drawing is representative of three different experiments.
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Fig. 4. Sucrose gradient profile of labeled 17/3-estradiol molecules in the nuclear extract (A) and in the plasma (B) of
Podarcis s. sicula having full grown oviducts. Only the specific binding is shown. Each drawing is representative
of three different experiments. The arrow indicates the Albumin (4.6 S) position along the sucrose gradient.
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oviducts and decreased as oviduct growth occured
during  the  breeding  period.  RF  sites  showed  a
similar  behaviour  in  the  cytosol,  but  they  were
significantly higher in nuclear extracts of recover-
ing and full grown oviducts.

The labeled 17/?-estradiol binding activity in the
plasma increased during ovarian vitellogenesis; the
same happened for plasma levels of progesterone
and 17/3-estradiol (Table 2).

At  electrofocusing,  the  labeled  17/3-estradiol
binding molecules from both oviduct cytosol and
nuclear extract fell into three pH ranges: 5.2-5.6,
7.0-7.7,  and  8.0-8.7  (Fig.  3A,  B).  pH  8.0-8.7
molecules were always present in the oviduct cyto-
sol and nuclear extract, although their level was
lower in recovering and full  grown oviducts. pH
7.0-7.7  molecules  were  found  in  fairly  good
amount in quiescent oviducts, and in the nuclear
extract  of  secretive  oviducts.  pH  5.2-5.6  mole-
cules were not detected in quiescent oviducts but
were present in the other phases of the oviduct
cycle, except in the cytosol of secretive oviducts.

At electrofocusing, labeled 17/3-estradiol bind-
ing  proteins  in  the  plasma  fell  into  three  pH
ranges:  5.7-5.9,  7.4-7.8,  and  8.2-8.7  (Fig.  3C).
These molecules were always detectable, although
pH  5.7-5.9  molecules  were  the  most  abundant,
and significantly increased during oviduct growth.

On sucrose gradient, labeled 17/?-estradiol bind-
ing molecules of the oviduct cytosol sedimented at
about 4.6 S, regardless of the oviduct stage (not
shown).  Nuclear  extract  binding  molecules,
however, resolved into two peaks; one peak was
always present and sedimented at about 4.6 S, the
other sedimented at 5.5 S and was detectable in
grown  and  secretive  oviducts  (Fig.  4A).  Plasma
labeled  17^-estradiol  binding  molecules  always
sedimented at about 4.0 S (Fig. 4B).

Figure 5 shows the effects of 17/3-estradiol injec-
tion on the distribution of labeled 17/3-estradiol
binding molecules six hours after hormone admi-
nistration. Estrogen induced decrease of RU and
RF in the cytosol, and of RU in nuclean extract (P
<0.01).  Instead,  RF  in  nucleen  extract  increased
slightly. 17/3-estradiol effect was similar twenty-
four hours after the injection (not shown).

Figure 6 reports the effects of ovariectomy and
sex  hormone  chronic  administration  on  labeled

<u 0.5i
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Jl

Cytosol  Nuclear
Extract

Fig. 5. Unfilled (□) and filled (■) binding sites (ER)
concentration (fmol/mg tissue) in the cytosol and
nuclear extract of Podarcis s. sicula secretive ovi-
duct, a & c = animals injected with solvent; b & d =
animals injected with 17/9-estradiol. Bars indicate
the S.E.

17/3-estradiol binding molecules. Ovariectomy was
followed by the RU decrease both in the oviduct
cytosol and nuclear extract (P<0.01), as well as by
the  RF  increase  in  the  cytosol  (P<0.01).  In  the
oviduct  of  spayed  females  injected  with  17/3-
estradiol  or  17/3-estradiol  plus  progesterone,  a
further RU and RF decrease occured in the cytosol
(P<0.01),  whereas  both  RU  and  RF  increased  in
the nuclear extract (P<0.01). Progesterone admi-
nistration induced a small RU decrease and a RF
increase in the nuclear extract.

DISCUSSION

In the oviparous lizard, Podarcis s. sicula, sea-
sonal oviduct growth and activity depend on ova-
rian steroids, namely 17/3-estradiol and testoster-
one [7]. Proteins binding to these hormones have
been found in the oviduct cytosol, and, during the
breeding period, in the nuclei [8]. When injected
in  vivo  into  spayed  females,  however,  17/3-
estradiol is retained in the oviducal tissues, where-
as testosterone is not; therefore the estrogen is
supposed to play a  leading role  in  physiological
oviduct regulation [8]. Our data corroborate this
assumption since we identified an 17/3-estradiol
receptor (ER) in the lizard oviduct which behaves
according to the oviduct annual cycle.

17/3-estradiol binding molecules bind the ligand
with  high  affinity  (K  d  =7.0xl0-'°  M  for  the  cyto-
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Fig. 6. Effects of ovariectomy and 17/?-estradiol and/or progesterone treatment on unfilled (D) and filled (■)

17/3-estradiol binding sites concentration in the oviduct cytosol (A) and nuclear extract (B) of Podarcis s. sicula
captured in October. a = intact lizards; b = ovariectomized lizards treated with solvent (saline); c = ovariecto-
mized lizards treated with 17/3-estradiol; d = ovariectomized lizards treated with 17/3-estradiol plus progesterone;
e = ovariectomized lizards treated with progesterone. Bars indicate the S.E.

sol  and  4.9xlO~  10  M  for  the  nuclear  extract).
Ligand affinity does not significantly change during
the  cycle.  These  parameters  are  consistent  with
the properties of the oviduct 17/3-estradiol receptor
(ER) of several lower vertebrate species: elasmob-
ranchs [14]; reptiles [15]; birds [16-19], and of the
mammalian oviduct and uterus [20].

However,  in  the  cytosol  of  full-grown  oviduct,
the specific 17/3-estradiol binding resolves in an
abnormal  profile  of  the  Scatchard  plot  (not
shown), which does not allow K d calculation. The
meaning of this result is obscure.

The  hormone-binding  sites  are  present  in  the
cytosol  and  nuclei  of  oviduct  tissues.  Binding

activity  is  decreased  by  ovariectomy  and  is  res-
tored in spayed females after 17/3-estradiol treat-
ment. . In spayed 17/3-estradiol treated females,
moreover, cytosolic unfilled and filled binding sites
decrease whereas nuclear filled sites increase. In
oviducts of female treated with 17/?-estradiol for a
short  time,  a  displacement  of  the  binding  sites
from the cytosol to the nucleus occurs, although
the  total  amount  appears  to  be  decreased,  as
reported in several other studies [20, 21].

In our opinion this behaviour rules out an arti-
factual origin of cytosol binding sites as shown in
several vertebrate systems [22, 23]. Quite a similar
model  has  been  reported  for  liver  ER  of  the
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salmon [24] and Rana esculenta [21].
The level of 17/3-estradiol binding sites changes

during the oviduct cycle. In the cytosol, it is higher
in quiescent oviducts, but decreases as the organ
grows.  During  growth  a  significant  increase  of
nuclear filled sites occurs, which is coupled with an
increase in plasma 17/?-estradiol and progesterone
titres as well as plasma levels of steroid binding
proteins (SBPs).

In  Podarcis  s.  sicula  oviducts,  the  increase  in
17/3-estradiol-induced binding sites is not counter-
acted by progesterone administration, as reported
for  avian  and  mammalian  systems  [25-27].  This
result, however, is in line with that obtained in the
oviduct of the turtle Trachemys scripta [28], and
proposes a difference in 17/3-estradiol  receptor
regulation between higher vertebrates and lizards.

On sucrose gradient 17/3-estradiol binding mole-
cules  resolve  into  two  discrete  peaks  with  sedi-
mentation coefficients of 4.6 S and 5.5 S. The 4.6
S peak is always present, whereas the 5.5 S peak
has  been  found  only  in  the  nuclear  extract  of
growing  or  secretive  oviducts,  and,  therefore,
might  represent  an  activated  form  of  the  17/3-
estradiol receptor. Changes in the ER sedimenta-
tion  coefficient  following  activation  have  been
reported  [29-31].  The  sedimentation  coefficient
values of lizard oviduct putative ER are consistent
with those found for ER from several vertebrate
systems, sedimented at high ionic strength [32].

At  electrofocusing,  the  oviduct  17/3-estradiol
binding  molecules  fall  into  three  discrete  pH
ranges,  id.  5.2-5.6,  7.0-7.7,  and  8.0-8.7.  It  is
difficult  to  interpret  these  results,  although  the
absence of 5.2-5.6 molecules in quiescent oviducts
and their appearance in the nuclear compartment
of growing and secretive oviducts suggest that they
might represent the activated receptor. A change
in receptor pi following activation has been found
in the androgen receptor of the rat prostate [33].

In Podarcis s. sicula plasma, 17/3-estradiol bind-
ing proteins (SBPs) behave as those found in the
plasma  of  other  lower  vertebrates  [34-36],
although in Podarcis s. sicula, binding is displaced
also by corticosterone, a property found only in
plasma  SBP  of  Nerodia  sipedon  [37].  The  sedi-
mentation coefficient of lizard SBP is 4.0 S, a value
similar to that reported for SBP of Alligator missis-

sipiensis [35], but lower than that found in SBP of
other vertebrates [38-41].

At electrofocusing, lizard SBP fall into three pH
ranges,  i.d.  5.7-5.9,  7.4-7.8 and 8.2-8.7,  although
the first form is the most abundant. The plasma
level of pH 5.7-5.9 molecules changes during the
oviduct cycle; it is higher when vitellogenesis prog-
resses  in  the  ovary,  and  its  level  is  related  to
17/3-estradiol and progesterone plasma titres. This
behaviour confirms its role as plasma sex-hormone
carrier [42-44]. SBP changes related to the sexual
cycle phase have been reported in the females of
Taricha  granulosa  [45],  Alligator  mississipiensis
[35] and in the male of Podarcis s. sicula [36].

ACKNOWLEDGMENTS

This work was supported by grants of the Ministero
della Pubblica Istruzione, Italy (40% and 60%).

REFERENCES

1 Angelini, F. and Ghiara, G. F. (1984) Reproductive
modes and strategies in vertebrate evolution. Boll.
Zool., 51: 121-203.

2 Botte, V. (1973a) Morphology and histochemistry
of the oviduct in the lizard, Lacerta sicula, the
annual cycle. Boll. Zool., 40: 305-314.

3 Filosa, S. (1973) Biological and cytological aspects
of the ovarian cycle in Lacerta s. sicula Raf. Monit.
Zool. It. (N.S.), 7: 151-165.

4 Botte, V. (1973b) Some aspects of oviduct bioche-
mistry in the lizard, Lacerta sicula in relation to the
annual cycle. Boll. Zool., 40: 315-321.

5 Quesada, P., Ciarcia, G., Faraone-Mennella, M.
R.,  Malanga,  M.,  Cardone,  A.  and  Farina,  B.
(1991) In vitro poly(ADP-ribosylation) of estrogen-
induced proteins from the oviduct of the lizard
Podarcis s. sicula Raf. Bioch. Biophy. Acta, 1079:
79-86.

6 Botte, V. and Granata, G. (1977) Le variazioni dell
'affinita nell' ovidutto di Lacerta sicula durante il
ciclo riproduttivo. Atti Soc. Pelor. Sci. Fis. Mat.
Nat., 23: 43-50.

7  Botte,  V.  (1974)  The  hormonal  control  of  the
oviduct in the lizard Lacerta s. sicula Raf. 1. The
effects of ovariectomy and steroid replacement.
Monit. Zool. It. (N.S.), 8: 47-54.

8 Botte, V., Granata, G. and Cristofaro, C. (1974)
Interaction of 17/3-estradiol and testosterone with
the oviduct of the lizard, Lacerta sicula. J. Steroid
Biochem., 5: 687-691.

9 Scatchard, G. (1949) The attraction of proteins for



1034 M.  Paolucci.  M.  M.  Di  Fiore  and  G.  Garcia

small molecules and ions. Ann. N.Y. Acad. Sci., 51:
660-672.

10  Clark,  C.  R.,  MacLusky,  N.  Y.  and  Naftolin,  F.
(1982) Unfilled nuclear oestrogen receptors in the
rat brain and pituitary gland. J. Endocrinol., 93:
327-328.

11 Lowry, O. H., Rosebrough, N. J., Farr, A. L. and
Randall, R. J. (1951) Protein measurement with the
Folin phenol reagent. J. Biol. Chem., 193: 265-275.

12 Matsumada, M. and Goldman, A. S. (1974) Separa-
tion of multiple dihydrotestosterone receptors in rat
ventral prostate by a novel micromethod of electro-
focusing. Biochim. Biophys. Acta, 359: 112-129.

13 Ciarcia, G., Angelini, F., Polzonetti, A., Zerani, M.
and Botte, V. (1986) Hormones and reproduction in
the lizard, Podarcis s. sicula. In "Endocrine Regula-
tion and Adaptive Mechanism to the Environ-
ments". Ed. by I. Assenmacher and J. Boissin,
CNRS, Paris, pp. 95-102.

14 Reese, J. C. and Callard, I. P. (1991) Characteriza-
tion of a specific estrogen receptor in the oviduct of
the little skate, Raja erinacea. Gen. Comp. Endocri-
nol., 84: 170-181.

15  Salhanick,  A.  R.,  Vito,  C.  C,  Fox,  T.  O.  and
Callard, I. P. (1979) Estrogen-binding proteins in
the oviduct of the turtle, Chrysemys picta: evidence
for a receptor species. Endocrinology, 105: 1388-
1395.

16 McNaught, R. W. and Smith, R. G. (1986) Charac-
terization of a second estrogen receptor species in
chick oviduct. Biochemistry, 25: 2073-2081.

17  Kon,  O.  L.,  Webster,  R.  A.  and Spelberg,  T.  C.
(1980) Isolation and characterization of the estrogen
receptor in hen oviduct: evidence for two molecular
species. Endocrinology, 107: 151-165.

18 Seeley, D. H., Mester, J., Balieu, E. E. and Wolf-
son, A. J. (1984) Characterization of the estrogen
receptor extracted from hen oviduct nuclei with
pyridoxal phosphate. Endocrinology, 114: 1740-
1744.

19  Turner,  R.  T.  and  Elvil,  L.  P.  (1978)  Nuclear
estrogen receptor in the reproductive tract of laying
Japanese quail. Gen. Comp. Endocrinol., 34: 141-
148.

20  Fuentealba.  B.,  Nieto,  M.  and  Croxatto,  H.  B.
(1988) Estrogen and progesterone receptors in the
oviduct during egg transport in cyclic and pregnant
rats. Biol. Reprod., 39: 751-757.

21 Paolucci, M. and Botte, V. (1988) Estradiol-binding
molecules in the hepatocytes of the female water
frog. Rami esculenta, and plasma estradiol and vitel-
logenin levels during the reproductive cycle. Gen.
Comp. Endocrinol., 70: 466-476.

22 King, W. J. and Green, B. L. (1984) Monoclonal
antibodies localize oestrogen receptor in the nuclei
of target cells. Nature, London, 307: 745-749.

23 Welshons, W. V., Lieberman, M. E. and Gorski, J.
( 1984) Nuclear localization of unoccupied oestrogen
receptors. Nature, 307: 747-749.

24 Lazier, C. B., Lonergan, K. and Mommsen, T. P.
(1985) Hepatic estrogen receptor and plasma
estrogen-binding activity in the Atlantic salmon.
Gen. Comp. Endocrinol., 57: 234-245.

25  Evans,  R.  W.,  Chen,  T.  J.,  Hendry,  W.  J.  Ill  and
Leavitt, W. W. (1980) Progesterone regulation of
estrogen receptor in the hamster uterus during the
estrous cycle. Endocrinology, 107: 383-390.

26 Okulicz,  W. C,  Evans,  R.  W. and Leavitt,  W. W.
(1981) Progesterone regulation of the occupied
form of nuclear estrogen receptor. Science, 213:
1503-1505.

27 Selcer, K. W. and Leavitt, W. W. (1988) Progester-
one down-regulation of nuclear estrogen receptor: a
fundamental mechanism in birds and mammals.
Gen. Comp. Endocrinol., 72: 443-452.

28 Selcer, K. W. and Leavitt, W. W. (1991) Progester-
one downregulates progesterone receptor, but not
estrogen receptor, in the estrogen-primed oviduct of
a turtle (Trachemys scripta). Gen. Comp. Endocri-
nol., 83: 316-323.

29 Gschwendt, M. and Kittstein, W. (1980) Trans-
formation of the estrogen-receptor complex from
chick oviduct in two steps. Mol. Cell. Endocrinol.,
20: 251-260.

30 Sakai, D. and Gorski, J. (1984) Estrogen receptor
transformation to a high-affinity state without sub-
unit-subunit interactions. Biochemistry, 23: 3541-
3547.

31 Myatt, L., Cukier, D., Elder, M. G. and White, J.
O. (1985) Activation of oestrogen receptor com-
plexes. Evidence for the distinct regulation of ligand
and oligonucleotide binding sites. Biochim. Bio-
phys. Acta, 845: 304-310.

32 Callard, I. P. and Callard. G. V. (1987) Sex steroid
receptors and non-receptor binding proteins. In
"Hormones and Reproduction in Fishes. Amphi-
bians, and Reptiles" Ed. by D. O. Norris and R. E.
Jones, Plenum Press, New York, pp. 355-384.

33 Mulder, E. and Brinkman. A. D. (1985) Character-
ization of different forms of the androgen receptor
and their interaction with constituents of cell nuclei.
In "Molecular Mechanisms of Steroid Hormone
Action". Ed. V. K. Mougdil, Walter de Gruyter.
Berlin, pp. 563-602.

34  Salhanick.  A.  R.  and  Callard.  I.  P.  (1980)  A
sex-steroid binding protein in the plasma of fresh-
water turtle, Chrysemys picta. Gen. Comp. Endocri-
nol. 42: 163-166.

35 Ho, S.-M., Lance, V. and Megaloudis, M. (1987)
Plasma sex-steroid binding protein in a seasonally
breeding reptile. Alligator mississipiensis . Gen.
Comp. Endocrinol., 65: 121-132.



Estrogen Receptor in Lizard Oviduct 1035

36  Paolucci,  M.,  Di  Fiore.  M.  M.,  Ciarcia,  G.  and
Botte, V. ( 1992) Plasma sex steroid binding proteins
(SSBP) in the male lizard, Podarcis s. sicula, during
the reproductive cycle. Gen. Comp. Endocrinol.,
87: 232-239.

37 Riley, D., Kleis-San Francisco, S. M. and Callard, I.
P. (1986) A steroid hormone binding protein in the
plasma of the viviparous snake, Nerodia. Biol. Re-
prod. 34: Suppl. I, p. 71.

38 Riley, D., Kleis-San Francisco, S. M. and Callard, I.
P. (1988) A plasma steroid hormone binding protein
in the viviparous water snake, Nerodia. Gen. Comp.
Endocrinol., 71: 419-428.

39 Santa-Coloma, T. A., Fernandez, S. and Charreau,
E. H. (1985) Characterization of a sexual steroid
binding protein in Bufo arenarum. Gen. Comp.
Endocrinol., 60: 273-279.

40  Fostier,  A.  and  Breton,  B.  (1975)  Binding  of
steroids by plasma of a teleost: the rainbow trout,
Salmo gairdnerii. J. Steroid Biochem., 6: 345-351.

41 Burns, J. M. and Rose, F. L. (1980) Testosterone,
estrogen binding protein in sexually mature larvae of
Ambystoma tigrinum. Gen. Comp. Endocrinol., 41:
314-320.

42 Pardridge, W. M. (1981) Transport of protein-
bound hormones into tissues in vivo. Endocr. Rev.,
2: 103-123.

43 Pardridge, W. M. (1987) Plasma protein-mediated
transport of steroid and thyroid hormones. Am. J.
Physiol., 252: E157-E164.

44 Pardridge, W. M. (1988) Selective delivery of sex
steroid hormones to tissues by albumin and by sex
hormone-binding globulin. In "Oxford Reviews of
Reproductive Biology" vol. 10 Ed. J. R. Clarke,
Oxford University Press, pp. 237-292.

45 Moore, F. L., Spielvogel, S. P., Zoeller, R. T. and
Wingfield, J. (1983) Testosterone-binding protein in
a seasonally breeding amphibian. Gen. Comp.
Endocrinol., 49: 15-21.



Paolucci, M, Di, Fiore M M, and Ciarcia, G. 1992. "Oviduct 17β-Estradiol
Receptor in the Female Lizard, Podarcis s. sicula, during the Sexual Cycle :
Relation to Plasma 17β-Estradiol Concentration and Its Binding
Proteins(Endocrinology)." Zoological science 9, 1025–1035. 

View This Item Online: https://www.biodiversitylibrary.org/item/125364
Permalink: https://www.biodiversitylibrary.org/partpdf/71494

Holding Institution 
Smithsonian Libraries and Archives

Sponsored by 
Biodiversity Heritage Library

Copyright & Reuse 
Copyright Status: In Copyright. Digitized with the permission of the rights holder.
License: http://creativecommons.org/licenses/by-nc-sa/3.0/
Rights: https://www.biodiversitylibrary.org/permissions/

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 22 September 2023 at 11:13 UTC

https://www.biodiversitylibrary.org/item/125364
https://www.biodiversitylibrary.org/partpdf/71494
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://www.biodiversitylibrary.org/permissions/
https://www.biodiversitylibrary.org

