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Some p r o p e r t i e s  of m a c r o m o l e c u l e s ,  specif ical ly  binding es t r ad io l  (E2) , obtained f r o m  KC1 
ex t rac t s  of nuclei  of  the u te rus ,  kidneys,  l i ve r ,  t e s t e s ,  and p ros t a t e  of male  and f ema le  r a t s  
were  invest igated.  These  m a c r o m o l e e u l e s  f r o m  the u te rus  and l ive r  w e r e  shown to be  e x t r a c t -  
able in the l a rges t  amounts  f r o m  chromat in  by KC1 in a concentra t ion of 0.6 M. The  ability 

o f  nuc lear  ex t r ac t s  of the u te rus ,  kidneys,  and l ive r  to bind E 2 spec i f ica l ly  was comple te ly  
abolished by  t r ea tmen t  with p ronase ,  but not with RNase  or  DNase,  thus indicating the pro te in  
na ture  of  these  macromoleou les~  Only es t rogens  and not t e s to s t e rone ,  5c~-dihydrotes tos terone  
p roges t e rone ,  or  co r t i cos t e rone ,  competed for  these E2-binding s i tes  of the m a c r o m o l e c u l e s  
f r o m  nuc lear  ex t r ac t s  of all the o rgans  tested~ 

KEY WORDS: nuc lea r  r e c e p t o r s ;  es t rogens ;  "nontarget"  o rgans .  

It i s  now considered that the action of s te ro id  ho rmones  and, in p a r t i c u l a r ,  of e s t rogens  on ta rge t  
organs  is effected through an in t r ace l lu la r  r e c e p t o r  appara tus .  Binding of es t rogen  with the cy toplasmic  
r ecep to r  causes  the t r ans fo rma t ion  of the r e c e p t o r  into a Shape suitable fo r  in te rac t ion  with aecep tor  s i tes  
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Fig. 1. Ext rac t ion  of nuc lea r  chromat in  m a c r o m o l e e u l e s  spe -  
cif ically binding ext radiol  f r o m  the u te rus  (a) and l i v e r  (b) of  
female  r a t s  by dif ferent  concentra t ions  of KC1 in 0.02 M t r i s -  
HCI, pH 8 .1 -1o5  mM E D T A - I ~  mM di th io thre i to lbuffer .  1) 
Specifically bound E2; 2) pro te in  content; 3) DNA content in 
ex t r ac t s .  Absc i s sa ,  KC1 concentrat ion (in M); ordinate ,  spe -  
cif ic  binding of E 2 in 1.0 M KCI ex t rac t  taken as  100% for  (1), 
p ro te in  and DNA content r e spec t ive ly  in or ig ina l  ehromat in  
p repa ra t ion  taken as 100% for  (2) and (3). 
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T A B L E  1. Ef fec t  of P r o n a s e ,  R N a s e ,  and 
D N a s e  on A b i l i t y  of M a c r o m o l e e u l e s  of  Nu-  
c l e a r  E x t r a c t s  of  U t e r u s ,  K i d n e y s ,  and . 
L i v e r  of  F e m a l e  R a t s  to Bind  H3-E2 S p e c i f -  
i c a l l y  

�9 Specifically bound HS-Ez (in% of conlxol; 
organ . . . .  M o) - - _ _  

c0n~ol ] pronase RNase [ DNasJ 

Uterus 
Kidneys 

P 
Liver 

P 

tOO,O:hS, 5" 8,0_+3,4 
<0.001 

t00.0-+41,9 l 5_+51 5 
<0,002 

--2,0• 100,0-+12,8 <0.001 

94,0-+8,21 74.5_+14.5 
>0,05 [ <0,05 

117,52:20,8 1106,0___ 51,0 
> 0 , 1  I > 0 , 1  

96.5-+15,1 83,2-+9,9 
>0,1 <0,05 

L e g e n d .  V a l u e s  of  P g i v e n  r e l a t i v e  to 
t h e  c o n t r o l .  
* Mean  v a l u e s  of  6 -8  d e t e r m i n a t i o n s .  
c T o  r e d u c e  the  p r o t e o l y t i c  a c t i v i t y  of  the 
p r e p a r a t i o n  of D N a s e ,  soy  t r y p s i n  i n h i b i -  
' tor  w a s  a d d e d  to i t  (2:1).  

T A B L E  2. Compet i t iOn b e t w e e n  Un labe l ed  H o r m o n a l  P r e p a r a t i o n s  and H3-E2 for Bind ing  
by  M a c r o m o l e c u l e s  of  N u c l e a r  E x t r a c t s  o f  Some Ra t  O r g a n s  

Hormonal Ability to compete (in % of ability to compete with Ez; M • o). 
preparations females males 

uterus kidneys liver kidneys prostate 

, Estradiol 

Hexestrol 

Estrone 

Testosterone 

5 a-Dihydrotestosterone 

Progesterone 

Corticosterone 

100,0~  3,1 
(16) 

99,5• 
(15) 

70,0-----3,6 
(15) 

--7,7-+5,3 
(15) 

--0,6• 
(16) 

--2,8-+4,2 
(16) 

0,5--'-3,2 
(15) 

100,0• 
(11) 

90,5------19,2 
(12) 

73,5• 
(13) 

6,1• 
(12) 

--1,4• 13,1 
. (14) 

--2,2• 24,1 
(13) 

--5,5• 
(13) 

100,0• 
(14) 

101,0-+4,8 
(15) 

70,8• 
(13) 

--6,0-+-4,0 
(15) 

--4.1• 
(14) 

--5,2--+6,3 
(14) 

--5,3 -+ 5,8 
(15) 

100,O--- + 12,4 
(23) 

94,2 -+- 14,8 
(23) 

79,9• 19,2 
(24) 

--7,9 ̀+. 12,6 
(23) 

8,1-+ 12,9 
(23) 

--8,6-+ 12,9 
(23) 

--8,7• 12,0 
(23) 

liver testes 

100,6-----20,1 100,0• 
(32) (25) 

73,0• 126,0• 
(25) (24) 

67,0• 17,6 90,1~ 14,8 
(25) (25) 

--1,3+--32,2 6,1-+ 15,9 
(26) (25) 

--0,8• 18,7 0,2• 
(26) (21) 

2,7• 18,7 4,9• 18,1 
(22) (24) 

--0,6-+22,8 1,6-----27,4 
(34) (21 ) 

I00,0 + 15,2 
(7) 

105,6-+ 11,6 
(6) 

54,4• 15,2 
(7) 

--2,1• 14,9 
(6) 

4,9• 15,2 
(7) 

0,4• 14,8 
(7) 

0,3- + 11.2 
(7) 

L e g e n d .  T o t a l  n u m b e r  o f  d e t e r m i n a t i o n s  in c o n t r o l  and e x p e r i m e n t a l  s e r i e s  shown in 
p a r e n t h e s e s .  

of the  n u c l e a r  c h r o m a t i n  [1, 7].  E s t r a d i o l  (E2)-binding p r o t e i n s  s i m i l a r  to the e s t r o g e n  r e c e p t o r s  of the 
u t e r u s ,  have  a l so  b e e n  r e c e n t l y  found in  the  c y t o p l a s m  of s o m e  " n o n t a r g e t "  o r g a n s  [2, 3, 5]. 

It i s  shown in  the  i n v e s t i g a t i o n  d e s c r i b e d  b e l o w  that  n u c l e a r  m a c r o m o l e c u l e s  d i s c o v e r e d  p r e v i o u s l y  
[3, 5], s p e c i f i c a l l y  b ind ing  E2, in a n u m b e r  of n o n t a r g e t  o r g a n s  a l so  a r e  s i m i l a r  to the  n u c l e a r  E 2 r e c e p t o r s  
of  the  u t e r u s .  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  Were  C a r r i e d  out on adul t  f e m a l e  and m a l e  r a t s ,  e a c h  o f  which  r e c e i v e d  0 .2-1  #g E 2 
i n t r a m u s c u l a r l y  in p r o p y l e n e  g l y c o l  2-3  h b e f o r e  s a c r i f i c e .  T h e  n u c l e a r  c h r o m a t i n  of the u t e r u s ,  t e s t e s ,  
p r o s t a t e ,  k i d n e y s ,  and l i v e r  of  the , e x p e r i m e n t a l  a n i m a l s  was  i n v e s t i g a t e d .  C h r o m a t i n  was  ob ta ined  and 
e x t r a c t e d  as  d e s c r i b e d  p r e v i o u s l y  [4] e x c e p t  tha t  1 o5 m M  d i t h i o t h r e i t o l  was  added to the e x t r a c t i n g  b u f f e r .  
T o  d e t e r m i n e  the d e g r e e  of s p e c i f i c  b ind ing  o f  E 2 and to s tudy the s t e r e o s p e c i f i c i t y  and c h e m i c a l  n a t u r e  of 
the E2-b ind ing  m a c r o m o l e e u l e s ,  6 , 7 - H 3 - e s t r a d i o l - 1 7 B  ( s p e c i f i c  r a d i o a c t i v i t y 4 0  C i / m m o l e ,  R a d i o c h e m i c a l  
C e n t r e ,  A m e r s h a m )  [2, 3] w a s  u s e d .  T h e  p r o t e i n  c o n c e n t r a t i o n  in the  s a m p l e s  was  d e t e r m i n e d  by  L o w r y ' s  
me thod  [9] and DNA b y  B u r t o n ' s  me thod  [6]. 
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E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Solubilization of the nuc l ea r  E 2 r e c e p t o r s  f r o m  ta rge t  o rgans  is  usual ly c a r r i ed  out by means  of buf fe r  
solutions of high ionic s t r eng t h  [8l. To study the conditions of solubil izat ion of m a c r o m o l e c u l e s  f rom non- 
ta rge t  o rgans  speci f ica l ly  binding E 2 inc reas ing  concentra t ions  of KC1 (f rom 0 to 1.0 M) were  used,  followed 
by testing o f  the specif ic  E2-binding activi ty of the resul t ing ex t r ac t s .  As Fig. 1 shows, E2-binding m a c r o -  
m o l e c u l e s  Of nuclei f rom both u te rus  and l iver  pa s sed  f r o m  the chromat in  into the buffer  solution in all  sal t  
concentra t ions  used. In both c a s e s  within the KC1 concentra t ion range  f r o m  0 to 0.2 M the f rac t ion  of E 2- 

b i n d i n g  m a c r o m o l e c u l e s  d issolved r ema ined  approx imate ly  constant (about 30%). Lowering the pH of the 
buffer  f rom 8.1 to 7.5 cons iderably  reduced the f rac t ion  of ex t rac tab le  E2-binding m a c r o m o l e c u l e s .  

With an i nc r ea s e  in the sa l t  concentra t ion to 0.6 M, a rapid i nc r ea se  was obse rved  in the f rac t ion  of 
ex t rac tab le  E2-binding m ac rom ol ecu l e s ;  a fu r the r  inc rease  in the sal t  concentrat ion (to 1.0 Mi had p r a c t i -  
ca l lyno  effect.  Consequently,  nuc lea r  chromat in  m a c r o m o l e c u l e s  f r o m  the u te rus  and l iver  specif ical ly  
binding E 2 thus behaved s i m i l a r l y  with ~espect  to solubil izat ion in d i f ferent  concentra t ions  of  KCI. 

Nuclear  E 2 r ecep to r s  in the u te rus  a re  known to be p ro te ins  [10]. To  d i s c o v e r  the chemical  na ture  
of the E2-binding m a c r o m o l e c u l e s  of the kidneys and l ive r ,  the nuc lear  ex t r ac t s  were  t rea ted  with p r o t e a s e s  
and nuc leases ,  a f te r  which the i r  E2-binding abili ty was tes ted.  In these  expe r imen t s  (Table 1) only p ro n ase  
effect ively inhibited the specif ic  binding of E 2 by m a c r o m o l e c u l e s  of the nuc lea r  ex t rac t s  f rom three  organs ,  
whereas  ne i ther  RNase nor  DNase had any such effect .  Consequently,  nuc lear  m a c r o m o l e c u l e s  specif ical ly  
bindIng E 2 f r o m  the kidneys and l ive r ,  like the nuc lear  E2 r e c e p t o r s  of the u te rus ,  consis t  at leas t  pa r t ly  of 
p ro te in .  

The most  impor tan t  c h a r a c t e r i s t i c  of the es t rogen  r e c e p t o r s  is the high specif ic i ty  of thei r  affinity 
for  l igands.  The  r e su l t s  of the expe r imen t s  to study compet i t ion b e t w e e n  H3-E2 and s eve ra l  unlabeled ho r -  
monal  p r epa ra t i ons  for  E2-binding s i tes  on m a e r o m o l e c u l e s  of nuc lear  ex t r ac t s  f r o m  va r ious  o rgans  a re  
shown in Table  2. Clear ly ,  like the r e c e p t o r s  of  the uteruS,  the E2-binding nuc lear  pro te ins  of the kidneys 
and l iver  of male  and female  r a t s  (and also of the p r o s t a t e  and tes tes)  can in te rac t  only with subs tances  
p o s s e s s i n g  es t rogen ic  act ivi ty (estradiol ,  e s t rone ,  hexest rol )  and not with t e s tos te rone ,  5o~-dihydrotes tos-  
t e rone ,  p r o g e s t e r o n e ,  o r  co r t i cos t e rone .  Because  of this high s t e reospec i f i c i ty  and also the high affinity 
(Kac of the o r d e r  of 10 ~ M -1) and the low capaci ty  for  the hormone  [3, 5], the E2-binding nuc lear  m a c r o -  
molecu les  of  the o rgans  tes ted can be  c l a s sed  as  es t rogen  r e c e p t o r s .  

The cell  nuclei of some nontarge t  o r g a n s  thus contain r e cep to r  molecu les  which se lec t ively  bind E 2 
and p o s s e s s  ce r ta in  common p r o p e r t i e s  with the e s t rogen  r e c e p t o r s  of the nuclei  of the u te rus .  Despi te  the 
much lower content of E2-binding m a c r o m o l e c u l e s  in the cy top lasm and nuclei  of the nontarget  organs  than 
in t a rge t  o rgans  [3, 5], the r e su l t s  may point to some s imi l a r i t y  between the m e c h a n i s m  of recept ion of the 
hormonal  signal in the t a rge t  and nontarge t  o rgans .  
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