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After oestradiol administration in vivo, 87-95% of the initial concentration of
oestradiol receptor in the cytoplasm of the embryonic-chick Millerian-duct
cell was translocated into the nucleus. The process of translocation depends on
the amount of oestradiol administered in vivo. At 6h after oestradiol administration
in vivo, about 30% replenishment of the initial content ofthe cytosol receptor was observed
in the cytoplasm. The Mililerian-duct nuclei, afterexposure to non-radioactive oestradiol,
exhibit saturable exchange with [H]oestradiol in vitro. The exchange of oestradiol is
temperature- and time-dependent. The optimal temperature and time for exchange
are 37-410C and 2h respectively. The [3H]oestradiol-receptor complex extracted
from the exchanged nuclei is present in 5-6S form, and its isoelectric point is 6.8.
The numbers of nuclear oestradiol-binding sites of the developing Miillerian duct are
1.66, 2.22, 2.63 and 2.50pmol/mg of DNA respectively for embryos of 10, 12, 15 and 18
days. The dissociation constants of the nuclear oestradiol receptor of the four observed
developmental stages range from 3.0 to 3.1 nm.

In the sex organs of several higher organisms,
the interaction of the oestrogen molecule with its
receptor first occurs in the cytoplasm of the cell;
the hormone-receptor complex is subsequently
translocated into the nucleus (Shyamala & Gorski,
1967; Jensen et al., 1967). This two-step mechanism
for hormone-receptor translocation is temperature-
dependent and is involved with the change in the
sedimentation coefficient of the hormone-binding
macromolecule from 8S to 5-6S (Jensen et al.,
1968; Shyamala & Gorski, 1969; Giannopoulos &
Gorski, 1971a). The characteristic and physiological
importances of the retention of oestrogen-receptor
in the target-ell nuclei have been reported (King
et al., 1965; King & Gordon, 1966; Raynaud-
Jammet & Baulieu, 1969; Mohla et al., 1972).

In the first and second papers of this series
(Teng & Teng, 1975a,b), we reported the isolation,
characterization and ontogeny of the oestrogen
receptor in the cytoplasm of the embryonic-chick
Mullerian-duct cell. This embryonic oestrogen-
binding protein is tissue- and steroid-specific. Its
concentration in the embryonic organ increases as
development proceeds, yet its capacity for inter-
action with oestrogen remains unchanged throughout
the development (Teng & Teng, 1975a,b). Previous
studies suggested that the addition of a physiological
dose of oestrogen to the culture medium could
stimulate the growth of the chick Mullerian duct
in vitro (Teng, 1964; Hamilton & Teng, 1965). It is
therefore pertinent to assume that the oestrogen
molecule bound with receptors in the cytoplasm
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of the Miillerian-duct cell could be translocated into
the nucleus and probably exerts its hornonal effect
there. Consequently, it is interesting to observe the
oestrogen-binding capacity inside the nuclei of the
embryonic-chick Millerian duct.

Materials and Methods

Animals and chemicals

Fertilized white-Leghorn-chick eggs were obtained
from Rich-Glo Farms, Houston, Tex., U.S.A., and
were incubated at 38°C in a humidified Petersime
model 4 incubator, equipped with an egg-turning
device which rotated the eggs every 4h. The age of
the embryos was determined by the criteria of
Hamburger & Hamilton (1951). The normal hatching
time under these incubation conditions is 21 days.
Immature female Sprague-Dawley rats (22 days
old from Timco, Houston, Tex., U.S.A.) were used
in one of the studies. [6,7-3H]Oestradiol-17/J, with a
specific radioactivity of 45Ci/mmol, was obtained
from New England Nuclear Corp., Boston, Mass.,
U.S.A. It was evaporated to dryness under N2 and
redissolved in ethanol before use.
The following chemicals and hormones were

obtained from the sources indicated: Tris, bovine
y-globulin, pepsin (hog stomach mucosa), myoglobin
(horse heart), calf thymus DNA and ultra-pure
sucrose were obtained from Schwarz/Mann (Orange-
burg, N.Y., U.S.A.). Aldolase, dextran T-70, Sepha-
dex G-25 and dextran sulphate 2000 were obtained
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from Pharmacia (Uppsala, Sweden). EDTA, di-
phenylanne and propylene glycol were from
Mallinckrodt (Los Angeles, Calif, U.S,A.). Oestra-
diol-17,6, collagenase (fraction A from Clostridiw.
histolyticum), cytochrome c (horse heart) and
bovine serum albumin were obtained from Sigma
Chemical Co. (St Louis, Mo., U.S.A.). Charcoal
was purchased from Baker Chemical Co. (Phillips-
burg, N.H., U.S.A.), and Ampholine was from LKB
Laboratory (Rockville, Md., U.S.A.). All other
chemicals were of analytical grade.

Exposure of embryonkc MidiJ m hict or rat uteras
to oestradiol in vivo

Oestradiol was applied to the allantois of the 10-,
12-, 15- and 18-day chick embryos through the
shell hole. Before inection, the shell was washed with
70% ethanol. Then a small hole (0.6mm diam) was
made in the shell immediately above the embryo
by use of an egg viewer (Breeder's Supply Co.,
New York, N.Y., U.S.A.). Oe&tradiol was dissolved
in propylene glycol and warmed to 380C before
injection. A single dose of 40pg of oestradiol (or
other concentration specified) in 0.1 ml was injected
with a sterilized syringe and a no. 21G1 needle
(Becton-Dkson Co., Rutherford, N.J., U.S.A.);
the control group receied the same amount of the
vehicle minus oes.adiol. After the injection was
completed, the hole on the shell was sealed with
Scotch tape, and the eggs were retuned to the
incubator. After different lengths oftime, the embryos
were dissected mid-ventrally, and the left female
Miillerian ducts were removed and placed in a
beaker on ice for preparation ofcytosol ornuclei.
Immature female rats were injected subcutaneously

with 2pg of oestradiol per rat in 0.2ml of propylene
glycol and were decapitated 1 h after the injection.
The uteri were reoved and phlc in a beaker on
ice before isolation of nuclei.

Preparation of cytosol and nuclei
The procedures for preparations were essentially

as described by Teng & Teng (1975a), and all the
subsequent processes were done at 0C. Left
Mililerian ducts excised from the female chick
embryos exposed to oestradiol in vivo were
combined, washed twice with buffer (containing
lOms-Tris/HC1 and 1.5mM-EDTA, pH7.4) and
minced finely with scissors. The minced tisse was
suspended in Svol. of buffer and homogenized for
12 strokes with a Teflon-glass homogenizer (Glenco,
Houston, Tex., U.S.A.). Homogenates were centri-
ftiged at 7O0g for 10mmn at O.C in a Beckman model
21 J centrifuge; the supematants were then centri-
fuged at 05000ga,. at GC for 30min in a Beckman
model L5-65 utracentrifuge in the SW 5o.1 rotor with

adaptor model 305527 (Beckman Instruments, Palo
Alto, Calif., U.S.A.). Theresulting clear supernatants,
designated 'cytos', were adjusted to4mg of protein/
ml with buffer. The sedimented pellet was suspended
in 1Ovol. of 1.8M-sucrose prepared in buffer and was
centrifuged at 100000g,. for 30min. The resulting
nuclear preparations were washed twice with buffer
before they were used for the assay of the nuclear
oestrogen-binding sites.

Preparation of the rat uterine nuclei was essentially
by the technique of Widnll et al. (1967). All
succeding procedures were carried out at 0°C.
Uterine horns, after exposure, in vivo to oestradiol,
were strippedofadheringfatand mesenteries, washed
twice with buffer, and minced finely with curved
scissors. The minced tissues were suspended in lOvol.
of buffer and homonized for 2mm at -10°C by a
Polytron model P-10 tissue disintegrator (Brinkman,
Westbury, N.Y., U.S.A.) run at a rotating speed of
2250rev./min. Homogenates were centrifuged at
700g for 10min at O°C in a Beckman model J-21B
centrifuge. The pellet was suspended in lOvol. of
2.0sm-sucrose preparedin buffer and again centrifuged
at lOOOOg for 6Omn.Thenudei pellets in the bottom
were washed twice with buffer before use. Nuclei
isolated from the MuIlerian duct or uterus after
exposure to oestradiol in vivo were designated
'exposed nuclei thereafter.

Hormone-binding assay

Oestradiol-binding assay was essentially by the
procedures previously published (Teng & Teng,
1975a). In each experiment, two batches of cytosol
(eachconsistingof 500ugofcytosol protein inO.125ml
final assay volume in buffer) in separate tubes wee
incubated simultaneously, one with PHloestradiol,
and the other with [3rHoestradiol together with a
100-fold excess of the non-radioactive oestradiol.
After incubation at O0C for 60min, an equal volume
(O.125ml) of dextran-coated charcoal (0.5% char-
coal, 0.05% dextran in buffer) was added, and the
mixture was stirred with a Vortex mixer three tinmes
in 10min. The free steroids absorbed by charcoal
were removed by centrifugation at 3000* for lSmin
in a Beckman model J-21B centrifuge. A 200,1
volume of the supernatant was removed for radio-
activity assay. Specific binding of the cytoplasmic
receptor was obtained by subtracting the radio-
activity bound in the presence of the competing
unlabelled steroid (non-specific binding) from the
radioactivity retained in the absence of the competing
steroid.
Assay of specific binding of the oestradiol in the

nuclei of the Millerian duct or the rat uterus was by
the hormone-exchange assay technique of Anderson
et al. (1972). The nuclei exposed to oestradiol in vivo
were obtained by the previous procedure, gently
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dispersed and then suspended in buffer to a
concentration equivalent to 45-604ug of DNA/
0.125ml per assay tube. Specific binding of oestradiol
in the nuclei was measured in a similar manner to
that for the cytosol. For each experiment, two assay
tubes consisting of the same amount of nuclei were
incubated at a concentration of 13 nM-[3H]oestradiol
(or other concentration specified) to exchange for
the non-radioactive oestradiol bound to nuclear
receptor, except that in one tube a 100-fold excess
of oestradiol was added. After incubation at 37'C
for 1 h (or other temperature and time-period
specified) in an Aquatherm water-bath shaker
model G-86 (New Brunswick Scientific Co., New
Brunswick, N.J., U.S.A.) with constant shaking
speed at 150rev./min, the assay tubes were placed
immediately in an ice bucket and subsequently were
centrifuged at 800g for 10min at 0°C. The nuclei
were washed and sedimented at the same speed three
times each with 10vol. of buffer at 0°C. Nuclei
obtained after this exchange-in vitro of 3H-labelled
hormone, designated 'exchanged nuclei', were
smeared with a glass rod and then added to 0.5ml
of ethanol overnight to extract the bound [3H]-
oestradiol. The ethanol extract was removed for
radioactivity assay. Specific binding due to the
nuclear receptor was obtained by subtracting the
radioactivity bound in the presence of the competing
non-radioactive oestradiol from the radioactivity
retained in its absence.

Glycerol-gradient centrifugation
The nuclear receptor-hormone complex was

extracted from the exchanged nuclei by adding 5 vol.
of 0.5M-KCI in buffer for 2h. An equal amount of
nuclear protein (200pg of protein in 0.5ml) from the
chick Miilerian duct or the -rat uterus was layered
separately on top of a linear 5-35% (v/v) glycerol
gradient (4.5ml) prepared in buffer containing
0.5M-KCI. The gradients were centrifuged at
150000g.,. for 18hatO'CinaBeckmanSW50.1 rotor.
In the separate gradients the sedimentation markers
(2004ag each of aldolase, y-globulin, collagenase,
bovine serum albumin, pepsin, myoglobin and
cytochrome c) were run separately. Each gradient was
fractionated with a Buchler piercer into 30 fractions
(0.16ml per fraction), and each fraction was assayed
for radioactivity.

Isoelectric focusing
Isoelectric focusing was done in a small column

originally designed by Osterman (1970) and
Mainwaring & Irving (1973), and modified by
Teng & Teng (1975a). Nuclear [3H]oestradiol-
receptor protein (the extract of the exchanged nuclei
in 0.5M-KCI in buffer) was desalted by gel-exclusion
chromatography in a Sephadex G-25 (medium grade)
Vol. 154

column (2cmx 25cm) equilibrated with 5% (w/v)
sucrose before use. For analysis, the desalted nuclear
[3H]oestradiol-receptor complex (1mg of protein/
ml) was treated with dextran sulphate (1.5mg/ml),
and a portion of it (O.1 ml) was loaded on top of a
linear 10-60% (w/v) sucrose gradient (5ml) contain-
ing 1 % (v/v) ampholytes (pH 3-1 1); it was formed in
a 0.8cmx15cm Pyrex glass tube, the bottom of
which was previously plugged with 0.25ml of 10%
acrylamide plus 0.2% N,N'-methylenebisacrylamide,
polymerized by adding 0.03 ml of N,N,N',N'-tetra-
methylethylenediamine and 0.3ml of 10% (w/v)
ammonium persulphate to 40ml of the acrylamide
solution. Finally 0.5ml of 2.5% (w/v) sucrose was
laid on- top of the nuclear protein. Three columns
were run simultaneously with a LKB model 3371E
D.C. power supply ina HoeferDE 102 electrophoresis
apparatus (Hoefer Scientific Instruments, San
Francisco, Calif., U.S.A.). The upper electrode
(cathode) contained 1 % (w/v) NaOH and the
lower reservoir contained 1 % (w/v) H2SO4. The
apparatus was kept in a refrigerator at 0°C; the run
was carried out for 3.5h and reached a final field of
150V and 1.5mA. Then 30 fractions (0.2ml/fraction)
were collected from the bottom, and the pH of each
fraction was measured at 0°C with a Digicord pH-
meter (Photovolt, New York, N.Y., U.S.A.) and then
assayed for radioactivity.

Generalprocedures

Protein was determined by the procedure of
Lowry et al. (1951) with bovine serum albumin
(Signa) as a standard. DNA was determined by the
diphenylamine reaction (Giles & Myers, 1965) with
calf thymus DNA (Schwarz/Mann) as a standard.
Radioactivity was determined by adding 50-200g1
samples to 4ml of scintillation fluid {6g of PPO
(2,5-diphenyloxazole), 0.15g of POPOP [1,4-bis-(5-
phenyloxazol-2-yl)benzene]/litre of toluene} in a
mini counting vial (Rochester Scientific Co.,
Rochester, N.Y., U.S.A.). The radioactivity was
determined at 60% efficiency in a Beckman model
LS-250 liquid-scintillation spectrometer.

Results and Discussion

Effect ofoestradiol adninistration on the translocation
of cytoplasmic receptor into nuclei in Mullerian-
duct cells
Our previous observation indicated that oestradiol

receptors are present in the cytoplasm of the
embryonic chick Mfillerian-duct cell (Teng &
Teng; 1975a). To understand more about the
function of these receptors, it was necessary to
determine whether the receptors were capable of
translocation into nuclei in vivo. Different concen-
trations of non-radioactive oestradiol were tested
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Fig. 1. Concentration ofcytoplasmic andnuclear oestradiol receptor in the 15-day embryonicfemale chick Mullerian duct after
exposure to oestradiol in vivo

(a) Effect of oestradiol concentration on translocation of receptors into nuclei. The experimental group of chick embryos
received chorioallantoic injections of various amounts of oestradiol for 2h; the control group of chick embryos received
0.1 ml of propylene glycol without oestradiol for 2h. The specific binding of oestradiol to the cytoplasmic or nuclear
receptor was measured by incubation with 13nM-[3H]oestradiol. (b) Effect of time on receptor translocation into nuclei
after oestradiol injection. A single dose of oestradiol (40pg/embryo) was administered, and after various time-periods the
Mullerian ducts were removed for assay. The concentrations of the receptor in the cytoplasm and the nuclei were assayed
as described in the Materials and Methods section. Each value presented is the specific binding and represents the mean± S.D.
of three determinations. 0, Nuclear receptor concentration; o, cytoplasmic receptor concentration.

individually in vivo to observe the effect on
translocation of cytoplasmic receptor into nuclei
in the Mullerian duct of 15-day female chick embryos.
At 2h after injection of oestradiol (1 pg/egg) in vivo

the receptor concentration in the cytosol fraction
was depleted by about 45 %, and the nuclear
receptor concentration was correspondingly in-
creased. When the injected dose of oestradiol was
increased to the range of 10-40,cg/egg for the same
period of time, the receptor concentration in the
cytosol was depleted by about 73-90%, and the
nuclear receptor increased 4-5 times above its initial
concentration (Fig. la). At 10-30min after a single
dose of oestradiol (40ug/egg) was administered to
the 15-day female chick embryo, the cytosol
receptor concentration showed a 85-90% decrease
from its original value and remained at that value for
2-3 h. The nuclear receptor concentration was highest
(5-fold increase) 2h after hormone administration
(Fig. Ib). Some 87-95% of the depleted receptor in
the cytoplasm was recovered in the nuclei within
2h, which contrasts with the low recovery rate (50%)
of oestradiol receptor observed in the nuclear
fraction of the rat uterus (Mester & Baulieu, 1975).
We attributed this difference to the following
possibilities. (a) Proteolytic enzyme activity probably
is lower in the Miillerian duct than in the rat uterus,
and during the process of exchange at 37°C the
receptors are probably intact. (b) The dose of
oestradiol used for this study is sufficiently high to
complete the translocation.

To determine the effect of some non-oestrogenic
hormones on the quantity of specific oestrogen-
binding sites in the Miillerian-duct nuclei, chick
embryos were injected with 40,ug of testosterone,
progesterone, cortisol, or 0.1 ml of propylene glycol.
At 2h after injection, the nuclear fraction of
Millerian duct was prepared and used in the
[3Hjoestradiol nuclear exchange assay as described
in the Materials and Methods section (Fig. 2).
The administration of oestradiol resulted in a
5-fold increase ofspecific nuclear binding over control
values. Testosterone, progesterone and cortisol
failed to show any significant effect on the number
of nuclear oestradiol-binding sites in the Mullerian
duct. This observation indicated that the oestradiol-
receptor translocation is steroid-specific. So far our
observations indicate that oestradiol-receptor trans-
location into nuclei depends on the dose of
oestradiol, and this is comparable with the obser-
vation in the rat hypothalamus and pituitary that
the amount of oestradiol-receptor translocation into
the nuclei depends on the dose of oestradiol injected
in vivo (Anderson et al., 1973). In chick Mullerian-
duct cell, the dose of oestradiol (10-40pg/egg) used
to translocate the cytosol receptor into nuclei is
higher than the dose normally required for the
translocation of receptor in the mammalian uterine
cell. Since in the chick embryonic system the oestra-
diol injected in vivo is not in direct contact with the
embryo and the injected hormone can be partially
absorbed by the chorioallantoic membrane, the

1976

4



NUCLEAR OESTRADIOL RECEPTOR IN MOLLERIAN DUCT

egg albumin and the egg yolk, we expected that the
actual amount of oestradiol received by the embryo
would be substantially less.
We observed (Fig. lb) a slight replenishment of

cytosol receptor 5h after oestradiol administration
and a significant amount of replenishment [30±7 %
(S.D.) of three preparations, of the initial content
of cytosol oestradiol-binding sites] 6h after the
hormone injection. Our observation is comparable
with the finding in rat uterus by Mester & Baulieu
(1975). They observed that after 6h of oestradiol
injection into the immature rat about 50% of the
initial content of uterine cytosol oestrogen-binding
sites were replenished.

Effect of temperature and time of incubation on
PH]oestradiol exchange with exposed nuclei

Nuclei isolated from the Mullerian duct after
exposure to oestradiol in vivo were incubated for
60min and at different temperatures with a constant
amount of [3H]oestradiol with or without the
presence of competing non-radioactive oestradiol.
The specific binding of pH]oestradiol to nuclear
binding sites was observed to be highest (2.08-
2.05pmol/mg of DN-A) at 370 and 41'C; the binding
was relatively low (0.43pmol/mg of DNA) at 0°C,
which indicated that hormone exchange is tempera-
ture-dependent. At a given temperature (37°C), the
time required for maximal exchange is 30-60min,
and the hormone remains at the same concentration
after 120min of incubation (Table 1). This obser-
vation indicated that theembryonic hormonereceptor
is stable at 37°C, which may reflect a low interior
proteolytic-enzyme activity in the embryonic sex
organ.

Characteristics of the nuclear [3H]oestradiol-receptor
complex
On glycerol-gradient centrifugation the [3H]-

oestradiol-receptor complex, isolated from the

Mullerian-duct nuclei after radioactive hormone
exchange, sedimented at fractions 15-16 (Fig. 3a).
To determine the exact sedimentation coefficient
of the hormone-receptor complex, seven purified
protein standards were centrifuged through a linear
glycerol gradient; experimental conditions were
similar to those used for the hormone-receptor
complex. Positions of standard proteins in the
gradient were determined by the method of
Martin & Ames (1961). Fig. 3(b) shows the linear
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Fig. 2. Effects of steroid hormones on the quantity of
oestradiol-binding sites in the nuclear fraction offemale

chick Mullerian duct

Chick embryos were injected with 40,4g of oestradiol,
testosterone, progesterone, cortisol or 0.1 ml of propylene
glycol for 2h and the Miilerian ducts were removed for
nuclei insolation. *, The nuclear fraction was incubated
with 13nM-[3H]oestradiol; O, the nuclear fraction was
incubated with 13nM-[3H]oestradiol plus 100-fold excess
of non-labelled oestradiol. The results presented were
the means±S.D. of three preparations.

Table 1. Effect of temperature and time ofincubation on the binding of P3H]oestradiol to the nucleus ofMullerian-duct cell
Oestradiol was administered by chlorioallantoic injection for 2h; then the left Miillerian duct from 15-day female chicks
was removed and combined for preparation of nuclei. Nuclei were incubated with 13 nM-[3H]oestradiol with or without
100-fold excess of non-radioactive oestradiol at 37°C for 1 h. Each value represents the mean±s.D. of three determinations.
Temperature of Time of Total [3H]oestradiol bound Non-specific [3H]oestradiol Specific [3H]oestradiol
incubation (°C) incubation (min) (pmol/mg ofDNA) bound (pmol/mg ofDNA) bound (pmol/mg of DNA)
(a) 0 60 0.75±0.06 0.32 ± 0.02 0.43 + 0.03

21 60 2.55±0.22 0.72±0.04 1.83±0.12
37 60 2.72±0.21 0.64±0.03 2.08+0.14
41 60 2.70±0.24 0.65±0.03 2.05±0.13
60 60 2.15±0.23 0.85±0.04 1.30±0.09

(b) 37 15 2.64±0.20 0.79±0.03 1.85±0.13
37 30 2.70+0.21 0.68±0.04 2.02±0.14
37 60 2.72±0.21 0.64±0.03 2.08±0.14
37 120 2.75±0.20 0.68+0.03 2.07+0.15
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relationship between the sedimentation coefficient
and the extent of migration into the gradient. On
the basis of this plot, the nuclear oestrogen receptor
has a sedimentation coefficient of about 5-6 S.
To compare this system with another well-estab-

lished system, e.g. the rat uterus, we prepared the
nuclear PH]oestradiol-receptor complex from im-
mature rat uterus and rat it on a glycerol gradient as
a marker. The sedimentation pattern of nuclear
receptors from rat uterus or chick. Miillerian duct
are similar. The sedimentation coefficient (5-6S)
of Miillerian-duct nuclear receptor is comparable
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with the previously observed value (5-6S) for the
uterine nuclear receptor (Puca & Bresciani, 1969;
Giannopoulos & Gorski, 1971b), The exchange
of [3H]oestradiol with the oestradiol-receptor
complex in the exposed nuclei was effectively altered
by the addition of 100-fold non-radioactive oestra-
diol to the incubation medium. In contrast, the
addition of testosterone or progesterone failed to
compete with the amount of [3H]oestradiol bound
(Fig. 3a).

Isoelectric focusing indicated that this nuclear
oestradiol-receptor complex has p16.8 (Fig. 3c),
which -is close to the value obtained for the nuclear
oestrogen receptor (pI6.6-6.8) in the calf uterus
(Puca et al., 1972) and for the nuclear 5a-dihydro-
testosterone (17,B-hydroxy-5 a-androstan-3 -one)
receptor (pI 6.5) in the rat prostate gland (Mainwaring

Fig. 3. Characteristics of the nuclear PH[oestradiol
receptor isolated from the exchanged nuclei of the

Mallerian-duct cell

(a) Glycerol-gradient centrifugation- of the hormonc
receptor. Exposed nuclei were incubated at 37'C with
13n4-3H]oestradiol for 60min to allow,the exchange of
non-radioactive oestradiol, which complexed with the
receptor in the nuclei. Nuclei were then pelleted and
washed 3 times with buffer before salt extraction. Nuclear
[3H]oestradiol-receptor protein (4004ug of each) was
extracted With 0.5M-KCI in buffer and then separated on a
4.5ml glycerol gradient for 18h at 15OOOOg as detailed in
the Materials and Methods section. The preparations
were run simultaneously in separate tubes. o, P3HJOestra-
diol-receptor complex extracted from the exchanged
nuclei of immature female rat uteri; e, 3H]oestradiol-
receptor complex extracted from the exchanged nuclei
of the Milllerian ducts of 15-day embryonic female
chick; A, 100-fold excess of non-radioactive oestradiol
(0.13gM/assay) present during the exchange of the
exposed Millierian-duct nuclei with radioactive oestra-
diol; 0,10-fold excess of testosterone prewent duting
the exchange of the exposed MMiilerian-duct nuclei with
[3H]oestradiol; , 100-fold excess of progesterone
present during the exchange of exposed Miillerian-duct
nuclei with [33H]oestradiol. (b) Estimation of the sedimen-
tation coefficient of the [3HJoestradiol-receptor complex
in nuclei of the MlIlerian-duct cell. Purified protein
standards (200ug/gradient) were subjected to glycerol-
gradient centrifugation as described in the Materials and
Methods section. Thelocation ofthe protein markers in the
gradient were measured by detecting the E280; the nuclear
receptors were identified by their radioisotopic profiles.
The oestradiol-binding protein from the Mullerian duct
or the rat uterus sedimented to approximately tube 15-16
in the gradient. *, Aldolase (7.8S); o, y-globulin (7S);
A, collagenase (5.5S); A, albumin (4.5S); 0, pepsin (2.8 S);
*, myoglobin (2S); v, cytochrome c (1.8 S). (c) Isoelectric-
focusing pattern of the nuclear receptor protein. Receptor
protein (lOOgg) was used for focusing as detailed in the
Materials and Methods section. 0, Nuclear receptor;
A, pH.
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Table 2. Endogenous nuclear oestradiol-binding sites in the
developing chick Mullerian duct

Nuclei were prepared from the left Millierian ducts of
female chick embryos at various stages of development
and were incubated with 13nM-pH]oestradiol with or
without a 100-fold excess of non-labelled oestradiol for
1 h at 370C. The preparation of nuclei, the procedures for
exchange assay, and the assay of the nuclear pH]oestra-
diol-receptor complex were as described in the Materials
and Methods section, except that the tissues used for
nuclei preparation were not subjected to oestradiol
exposure in viw. The results presented were the specific
binding of mean+s.D. of three preparations.

Period ofincubation Specific [3H]oestradiol bound
(days) (priol/mg ofDNA)
10 0.093 + 0.012
12 0.104±0.014
15 0.536±0.043
18 0.590±0.044

& Irving, 1973). All these findings indicated that the
nuclear receptor protein is relatively acidic in nature.

Oestradiol-binding sites and the dissociation constant
of oestradiol receptor in the nuclei of the developing
chick Mfillerian duct

Oestrogen-exposed nuclei were isolated from the
Miullerian ducts of female chick embryo at different
stages of development (10-, 12-, 15- and 18-day
embryos). After incubation of the nuclei with
increasing concentrations of radioactive oestradiol,
a saturation concentration for maximal exchange
was obtained in the range 10-15nM-[3H]oestradiol.
A Lineweaver-Burk (1934) plot, based on the specific
binding curve ofeach nuclear receptor, was obtained.
The nuclear oestrogen-receptor binding sites of the
developing Mtillerian duct were calculated to be
1.66, 2.22, 2.63 and 2.50pmol/mg of DNA; the
corresponding dissociation constants are 3.0, 3.1,
3.1 and 3.OnM, for the developmental stages of the.
10-, 12-, 15- and 18-day embryo respectively
(Figs. 4a-4d).
The nuclear oestrogen-receptor complex has the

same dissociation constant as the cytoplasmic form,
which ranges from 3.0 to 3.2nM(Teng &Teng, 1975b).
The number of oestradiol-binding sites obtained by
the radioactive-hormone-exchange method repre-
sents thesum of(a) thereceptors translocated from the
cytoplasm and (b) the endogenous nuclear receptors
that existed before translocation took place. The
concentrations of cytoplasmic receptor in the
developing Miillerian duct are 1.64, 2.25, 2.35 and
2.20pmol/mg of DNA (Teng & Teng, 1975b), and
the concentrations of endogenous nuclear oestrogen
receptor are 0.093, 0.104, 0.536 and 0.590pmol/mg
ofDNA respectively for the 10-, 12-, 15- and 18-day

chick embryo (Table 2). From these values one could
assume that the amount of receptor in the nuclei
is proportional to the amount of receptor in the
cytoplasm. Approx. 87-95% of the cytoplasmic
receptor was translocated into the nuclei of the
developing chick Miillerian duct.

It is noteworthy that the values of endogenous
nuclear binding sites in the Mullerian duct increase
gradually according to the age oftheembryo (Table 2).
This fact suggested the following possibilities. (a) As
embryonic development progresses the ovarian
secretion of oestrogen increases and the endogenous
oestrogen could translocate a certain amount of
cytoplasmic receptor into the nuclei. This assumption
is supported by a previous observation by Guichard
et al. (1973). They found that the amount of oestra-
diol formed in the embryonic chick ovary increases
progressively corresponding to the age of the embryo.
(b) The amount of oestradiol retained in the nuclei
varies during development, which probably reflects
the physiological states of the embryonic organ.
The varied amount of oestradiol-binding sites found
in the nuclear fraction of rat uteri during the
oestrous cycle (Clark et al., 1972) is another similar
example.
We thank Mr. G. Andrews and Mrs. Celine Yu for

technical assistance. This work was supported by NIH
grant HD-08218-02 to C. S. T.
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