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Endocrinologia. — Isolation and preliminary characterization 
o f an oestradiol—macromolecule complex from  calf uterus 1 nucleari 

fraction. Nota di G i o v a n n i  A l f r e d o  P u c a , E r n e s t o  N o l a  e F r a n 

c e s c o  B r e s c i a n i , presen tata(#) dal Socio L. C a l i f a n o .

R iassunto. — Sezioni d ’utero di vitello incubate in  vitro  con 6 ,7 -3H -estradiolo~i7 ß 
concentrano l’ormone con meccanismo specifico. Simili sezioni di intestino non hanno questa 
proprietà. L ’ormone non viene modificato chim icam ente dall’utero ed interagisce con il 
tessuto in modo non-covalente. Circa lo 80%  dell’ormone si trova nella frazione nucleare 
dell’omogenato d ’utero. T rattam ento della frazione nucleare con una soluzione contenente 
io “ 2 M tris-a.c .cloridrico, pH  8,5, 0 ,4 M KC1 e io~3 M CaCl2 solubilizza un complesso 
estradiolo-m acromolecole con le seguenti proprietà: 1) precipita tra  0,145 e 0,245 gni/m l di 
(NH4)2S04 ; 2) sedim enta a 5,4 S in gradiente di saccarosio; 3) è distrutto  da proteasi ma 
non da nucleasi.

I n t r o d u c t i o n .

U terus, vagina, anterior hypophysis and m am m ary gland are able to 
concentrate and retain  17ß-oestradiol against a large concentration gradient 
with the blood; the horm one is not chemically transform ed and is not cova
lently bound in these organs [1-3]. Recently it was shown th a t also organs 
o ther than  the classic targets for oestrogens specifically retain  the hormone, 
although at m uch lower levels [3].

A t least for uterus [4-7] and m am m ary gland [8] the ability  to concen
trate  and retain 17ß-oestradiol was found to depend upon the presence of 
m acromolecules which bind 17ß-oestradiol and oestrogenic molecules in 
general. Two such molecules have been prelim inarily described; they can 
be differentiated by their sedim entation constant on sucrose gradient centri
fugation, and by their location at subcellular level. A  com ponent of the 105,000 
xg supernatan t fraction of ra t uterus, which sedim ents at 9.5S in a sucrose 
gradient, was isolated; it is at least in part protein and has a high specific 
affinity for oestrogenic molecules [5,9]. Solubilization of an oestradiol-macro- 
molecule complex from  ra t uterus ‘ nuclear ’ fraction—which contains about 
8 0 %  of the horm one in the cell—was also described [6,7]. This ‘ n u c le a r’ 
com plex sedim ents a t about 5 S and is at least in part protein. D em onstration 
of a high specific affinity for oestrogens of the macromolecule in the 5S com
plex was also given [7]. These macromolecules appear to fit the conceptual 
expectations of receptor molecules, as recently discussed by Bush [10].

F u rther progress in the chemical as well as physiological characterization 
of these receptors for oestrogens heavily depends upon their purification. (*)

(*) Nella seduta dell’8 marzo 1969.
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This, however, is not an easy task  because of their low concentration, even 
in the uterus which contains the most. On the basis of 17ß-oestradiol bound 
by the mouse uterus [3] a concentration of the order of 1 m g/K g of wet 
weight can be estim ated for the nuclear receptor, by assum ing th a t it is a 
protein of 100,000 M. W. with a single binding site. Clearly rodents are not 
well suited for purification of oestrogen receptors.

Therefore, we have directed our attention to calf uterus. This organ is 
already know to form  a 5S-com plex upon incubation in vitro w ith 3H -oestra- 
d io l-i7ß  [6]. However, in contrast to rodent tissues [11] there is no study 
of the kinetics of up take of 17ß-oestradiol by calf uterus in vitro\ an efficient 
solubilization and purification of the 5S com plex as well as the dem onstration 
of a high specific affinity of the m olecular interaction in the 5S complex are 
also lacking. In  addition to a com parative study of 3H -o estrad io l-i yß uptake 
in vitro by strips of uterus and intestine of im m ature calves, this report descri
bes a m ethod for rapid  and efficient extraction and 40 to 60 fold purification 
of an oestradiol-m acrom olecule complex sedim enting at 5.4S from  calf uterus 
‘ nuclear ’ fraction.

M a t e r i a l s  a n d  M e t h o d s .

Reagents were of analytical grade. Am m onium  sulphate was free from 
heavy metals. 6 ,7 -3H -o estrad io l-i 7ß (specific activity 42.4 C/mM ) was p u r
chased from  NENC (Boston) and was >  97 % pure at the time of use. Purity  
checks were carried out by thin layer chrom atography.

Preparation, incubation and fractionation of tissue. U te ru s , and pieces of 
small intestine of im m ature calves were collected at the local slaughterhouse 
in a plastic bag and kept in crushed ice during transportation to the laboratory. 
Unless otherwise specified all the following operations were carried out in a 
cold room  at + 4 ° C . U terine horns and intestine were slit open and cut into 
strips with scissors. The strips of tissue were washed in saline and incubated 
at 370 C in K rebs-R inger phosphate, pH  7 4  [12] containing io ~ 9M 6,7~3H -  
oestradiol-i 7ß and kept in suspension by magnetic stirring. The ratio of 
tissue to incubation m edium  (wt/v) was 0.02. A fter incubation the strips of 
uterfis were rapidly  washed with cold saline, suspended in cold T K E  m edium  
(iO” 2M /rA -hydrochloric acid pH  7.4; io~2M KCl; io ~ 3M EDTA) and hom o
genized in a V IR T IS  waring blender (W : V =  1 : 5-10) with the homogenizing 
cell cooled by a flow of ice-cold w ater as follows: 3 runs of 30 s at 20-25,000 
r.p.m ., at intervals of 6 0s. The homogenate Was spun at I200xg for 10 min. 
and the sedim ent washed 3 times by resuspending the pellet with an U ltra- 
tu rrax  homogenizer (3 runs of 15s at 70-90 V, with 30s intervals) in fresh 
T K R  m edium. The final sediment, which is heavily contam inated with 
myofibrils, is labelled ‘ nuclear ’ fraction. The supernatants were com bined 
and centrifuged at 105,000 xg for 1 hour; a sedim ent (consisting of a combined 
m itochondrial and microsomal fraction) and a supernatan t (‘ soluble ’ frac
tion) were thus obtained.
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Extraction and thin layer chromatography of radioactivity in the tissue. 
These m ethods are described elsewhere [2 , 3].

Solubilization of an oestradiol-macromolecule complex from  the ‘ nuclear ’ 
fraction. The ‘ n u c le a r’ fraction was suspended by the U ltra tu rrax  in TKC 
m edium  (io ~ 2M /rA -hydrochloric acid, pH  8.5; 0.4 M KC1; i o - 3MCaCl2), 
incubated for 1 hour with m agnetic stirring and centrifuged for 1 hour at 
105,000 xg; the supernatan t contained 50 -70%  of the radioactivity  in the 
' nuclear ’ fraction and was labelled ‘ nuclear extract

Fractional precipitation by salt. A m m onium  sulphate was added under 
continuous stirring in discrete am ounts of 0.035 gm /ml. A bout 15 m in after 
addition of each fraction of salt, an aliquot of the ‘ nuclear extract ’ was centri
fuged at 10,000 r.p.m . for 15 min and the supernatan t essayed for protein and 
radioactivity. Proteins were determ ined by a m icro-m ethod based on a m odi
fication of the biuret reaction [13].

Sucrose gradient centrifugation was carried out according to M artin  and 
Ames [14], using T K E  m edium  pH 8.5 as solvent.

R e s u l t s  a n d  D i s c u s s i o n .

Uptake of zH-oestradiol-\*i$. Fig. 1 shows typical curves of hormone 
uptake by  uterine and intestinal strips suspended in Krebs-Ringer phosphate 
pH  7.4 and containing io~ 9M 6 ,7 -3H -oestrad io l-i 7ß; the gas phase was

HOURS OF INCUBATION
Fig. I. -  U ptake of 3H ~oestradiol-i7 ß by strips of uterus and intestine of calf 
incubated in Krebs-Ringer phosphate pH  7.4 containing io~9 M 6,7~3H~ 
oestradioU i7ß and with/without io-7 M diethylstilbestrol; 37°C; gas phase: air.
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air and the tem perature 370 C. A ddition of glucose (0.2 %) to the m edium  and/ 
or incubation in an atm osphere of O2 does not significantly influence uptake. 
U terine strips are able to concentrate radioactivity  about 400 % within 4 
hours of incubation/ while after the same time the level of radioactiv ity  in 
the intestinal strips is barely higher than  th a t of the m edium. A ddition of 
io _7M D iethylstilbestrol decreases uptake of 3H -o estrad io l-i 7ß by uterus 
to about the level of intestine, but it does not detectably affect uptake by

Fig. 2. -  D istribution of radioactivity in subcellular fractions of calf uterus 
strips a t different times during incubations in Krebs-Ringer phosphate, pH  7.4, 
containing io~9 M 6,7~3H~oestradioF-i7ß; 370 C ; gas phase: air. ‘ Residual 

fraction ’ includes mitochondrial and microsomal fractions.

intestine. On the contrary, addition of io ~ 7M 17oc-oestradiol or Cortisol or 
Deoxycorticosterone has no effect at all on uptake of 3H -o estrad io l-i 7ß. 
Thus , in contrast to intestine, uterine strips in  vitro possess in high degree an 
ability to concentrate steroidal and non-steroidal oestrogenic molecules speci
fically.

Subcellular distribution of radioactivity. Subcellular distribution of radioac
tiv ity  in the uterus at different times during incubation is presented in fig. 2. 
According to the duration of incubation, the nuclear fraction contains 67 - 
79 % of the radioactiv ity  in the tissue, the 105,000 xg supernatan t 16-28%  
and ; the combined m itochondrial and microsomal fraction only about 5 % .

Analysis of radioactivity in the uterus. Fractionation according to solubility 
of radioactiv ity  in the uterus shows th a t there is v irtually  no water-soluble 
(conjugate) or insoluble (‘ protein ’ bound) radioactivity; all radioactiv ity

23. — RENDICONTI 1969, Voi. XLVI, fase. 3.
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( < 9 8  %) is ether-soluble (‘ free ’ steroid), and this fraction was further 
analysed by th in  layer chrom atography. The results presented in fig. 3 show 
th a t the radioactiv ity  consists of intact 3H -o estrad io l-i 7ß. Furtherm ore, 
analysis of radioactiv ity  in the m edium  of incubation of uterine strips shows 
no m etabolic product of the hormone, which could have been released from 
the tissue. Thus, like the. uterus of rodents in vivo [1] also calf uterus in vitro 
appears to lack the ability to metabolize 17ß-oestradiol.
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Fig. 3* — T hin layer chrom atography of ether-soluble radioactivity in calf 
uterus strips after 4 hours of incubation in K rebs-Ringer phosphate, pH  7.4, 
containing 6 ,7 -3H -oestradiol~i7ß; 37° C; gas phase: air. 4 -14C ~oestradiol-i7ß 
(dotted line) was added to tissue radioactivity as an internal m arker. In both 
systems of solvents, virtually all radioactivity migrates as i7ß-oestradiol.

Solubilization of an oestradiol-macromolecule complex from  the ‘ nuclear ’ 
fraction. Little or no 17ß-oestradiol is released by the nuclear fraction 
when suspended in solutions like the T K E , with a low KC1 concentration 
(io ~ 2M) and a pH  near neutrality  (pH 7.4); increasing the concentration of 
KC1 to 0 .4 M and bringing the pH  to 8.5, as in the TKC solution, results in 
solubilization of 50-70 % of the horm one associated with the ‘ nuclear ’ frac
tion, of which about 70 % is bound to macromolecules. W ith respect to the 
solution previously applied to extraction of ra t uterus ‘ nuclear ’ fraction 
[7], TK C contains io ~ 3M CaCl2 instead of io~ 3M EDTA; this change was 
introduced because the presence of the cation was found to decrease formation 
of aggregates. The use of buffers at pH 8.5 is a significant im provem ent of 
the extraction procedure, as com pared to buffers at pH 7.5 [6]. A t pH 8.5 
solubilization is virtually completed w ithin 1 hour of incubation, while at 
pH 7.5 long and repeated extraction of the nuclear fraction is required, and 
the yield of bound hormone is low.
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Fractional precipitation by salt. Fractional precipitation by am m onium  
sulphate of the ‘ nuclear ’ extract is shown in fig. 4. V irtually  all radioactivity  
precipitates between 0.145 and 0.245 gm /m l of salt concentration. The preci
pitate was redissolved in a small volume of TKC (0.1 M in tris- hydrochloric 
acid) and cleared by centrifugation for 20 min at i5.oooxg. A fter fractional 
precipitation, the specific activity  of different preparations generally varied 
between 40,000 and 60,000 D PM /m g of protein; as com pared to the ‘n u c lea r’
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Fig. 4. -  A typical fractional precipitation of nuclear extract by amm onium sulphate. 
The m acromolecular complex containing 3H -oestrad io l-i7  ß precipitates in salt concen
trations between 0.145 and °-245 gm/ml. After this step, the concentration of bound hormone 
is 40,000-60,000 dpm /m g protein, which corresponds to a 40 to 60 fold purification.

bound horm one in the original homogenate ( ^  1000 D PM /m g of protein), this 
corresponds to 40 to 60 fold purification. Then a thousand D PM  correspond 
to 10.6 X io -8 (jimoles of 17ß-oestradiol; assuming th a t the macromolecule 
binding the horm one has 100,000 M W  and a single binding site, one can 
calculate th a t in this purified preparation there are still only 4 2 .4  to 63.6 mfxg 
of the macromolecule of interest per mg of protein, th a t is a concentration 
of 4 - 6 -io ~ 5.

Sucrose gradient analysis. Fig. 5 shows a typical sucrose gradient analysis 
of the am m onium  sulphate precipitate redissolved in TK C and cleared by 
centrifugation for 20 m in at i5,oooxg; bovine serum  album in was centrifuged 
in parallel. M ost of the radioactiv ity  sediments at 5.4 S -  or slightly less in 
otherj preparations -  but faster components are also evident. Occasionally 
the radioactive components faster than 5 S m ay represent a larger fraction 
of total bound radioactivity, while in other cases they m ay be virtually  lacking. 
Tendency to aggregation is facilitated by lack of Ca2+ in the extraction m edium .
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Fig. 6 shows a sucrose gradient analysis of am m onium  sulphate precipitate 
of ‘ nuclear ’ extract prepared with Ca2+ lacking solutions; the am ount of 
components sedim enting faster than  5 S is clearly m uch larger than  in the 
preparation of fig. 5, obtained with the routine m ethod described in this paper.

Enzyme sensitivity of the 5 5  complex. The results in Table I show tha t 
the 5 S complex is destroyed by proteases but not by nucleases. This indicates 
th a t the macromolecule is protein, or at least the moiety binding the hormone 
is protein.

TUBE NUMBER

I
o-o
O

in

Fig. 5. -  Sucrose gradient analysis in T K E  solution pH  8.5 of am m onium  sulphate 
precipitate of nuclear extract. Bovine serum album in was centrifuged in parallel. 
Most bound hormone sediments a t 5.4 S which corresponds to a 92,000 M.W. as 
compared to album in. Most likely, faster sedimenting components are aggregates.

S u m m a r y  a n d  C o n c l u s i o n s .

1) Im m ature calf uterus strips incubated in K rebs-R inger phosphate, 
pH  7.4, containing io ~ 9M 6 ,7 -3H -oestradiol~i 7ß are able to concentrate 
radioactiv ity  about 40 0 %  within 4 hours. Sim ilar strips from  intestine barely 
show an increased content of radioactivity  with respect to the level in the incu
bation medium.

2) A ddition of io~ 7M diethylstilboestrol to the m edium  decreases 
uptake of radioactivity  by the uterus to about the level of intestine, while 
it does not detectably affect uptake by intestine. A ddition of io ~ 7 M 17a- 
oestradiol, or Cortisol, or Deoxycorticosterone has no effect on uptake of 
radioactiv ity  by the tissues. Thus the m echanism  of uterus, by which 17ß— 
oestradiol is concentrated, appears to be oestrogen specific.
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Fig. 6. -  Sucrose gradient centrifugation in T K E  solution pH  8.5 of am m onium  
sulphate precipitate of nuclear extract obtained using an extraction medium 
without Ca2+. The am ount of components sedimenting faster than 5.4 S is 
a larger fraction of total radioactivity, with respect to . preparation of fig. 5 
obtained using an extraction medium with Ca2+. Note the heterogeneity of 
these faster components, suggesting tha t these are aggregates of the 5.4 S 
iyß-oestradiol-binding macromolecule with other proteins in the preparation.

Table I,

Effect of enzymes on the native oestradiol-macromolecule 
complex from  calf uterus ‘ nuclear' fraction.

Enzyme tested
Residual 3H -oestradiol-J 7 ß bound 
a tte rg o  min at 35°C with enzyme 

(% of control)

PRONASE ( 25 pg/ml) 2

T R Y PSIN  (100 pg/ml) 8

DNase ( 25 pg/ml) 104

RNase ( 25 pg/ml) 99
I

Bound 3H -oestrad io l-i7ß  was separated from free by chrom atography on columns of Sephadex G -25, under standard 
conditions at +  4°C. During the 30 min incubation time at +  350 C, the bound tritia ted  horm one decreased in  the control 
from 48X 103 to 26 X xo3 dpm /m g of protein. P ro tein  concentration: 1 m g/ml in T K E  solution.
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3) R adioactivity  in the uterine strips consists of intact 3H -oestrad io l- 
17P, totally  extractable by organic solvent (‘ free ’ steroid).

4) Seventy to 80 % of hormone is associated with the ‘ nuclear ’ 
fraction, and about 15-25 % with the 105,000 xg supernatan t of uterus hom o
genate. M itochondrial and microsomal fractions contain the balance of radioac
tiv ity  in the tissue.

5) Little or no hormone is released by the ‘ nuclear ’ fraction incubated 
in T K E  ( io “ 2M tris- hydrochloric acid, pH  7.4; io~ 2 M KC1; io ~ 3 M EDTA) 
but increasing pH  to 8.5 and KC1 concentration to 0 .4 M, as in TKC solution 
(io ~ 2M /rA -hydrochloric acid, pH  8.5; 0.4 M KC1; io ~ 3 M CaCE) results 
in rapid  release into solution of $o-Jo % ° f  the horm one in the ‘ nuclear ’ 
fraction. C hrom atography on Sephadex G-25 shows th a t about 7 0%  of the 
solubilized horm one is macromolecule-bound.

6) The bound horm one precipitates between 0.145 and 0.245 grn/ml 
of am m onium  sulphate. The precipitate contain about 40,000-60,000 dpm  
of 3 H -o es trad io l-17ß per mg of protein and represents a 40 to 60 fold puri
fication w ith respect to the ‘ nuclear ’ bound hormone in the homogenate.

7) T reatm ent with proteases but not with nucleases destroys the 
macromolecule to which the hormone is bound. This indicates th a t the m acro
molecule is protein, or th a t at least the m oiety binding 17ß-oestradiol is protein.

8) Sucrose gradient analysis shows tha t most of the bound hormone 
sediments at 5.4 S— or slightly less— but faster com ponents are present espe
cially in the absence of Ca2+ in the extraction medium. As com pared to bovine 
serum  album in, 5.4 S corresponds to 92,000MW . M ost likely the faster sedi
m enting com ponents which do not have specific sedim entation rate but cover 
the whole range from  5.4 S to the bottom  of the gradient are heterogeneous 
protein aggregates including the specific 5 S component.

9) In  conclusion, the macromolecule which is a t least in part protein 
and interacts with 17ß-oestradiol in the complex sedim enting at ^  5 S m ay 
be a ‘ receptor ’ for the hormone. The concept of ‘ receptor ’ as recently 
discussed by Bush [10] requires th a t the receptor be present in an extrem ely 
small am ount in the target cell and have a m olecular specificity for the hor
mone. The results presented in this report show th a t the 5 S macromolecule 
is actually present in a very small am ount, representing about 1 molecule 
every million protein molecules in the cell. However, the molecular speci
ficity rem ains to be dem onstrated.
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