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SUMMARY 

The r e c e p t o r s  t h a t  b i n d  l a c t o g e n i c  hormonea have  been  s o l u b i l i z e d  f rom 
a d u l t  f e m a l e  r a t  l i v e r  m i c r o s o m e s  w i t h  ] ~ ( w t / v )  T r i t o n  X-100.  The 
r e c e p t o r s  r e m a i n e d  in  t h e  s u p e r n a t a n t  a f t e r  a c e n t r i f u g a t i o n  a t  190 ,000  
x gay f o r  8 h. They c o u l d  be d e t e c t e d  by g e l  f i l t r a t i o n  on Sephadex  
G-100 and by p r e c i p i t a t i o n  w i t h  12 ~ ( w t / v )  P o l y e t h y l e n e  G l y c o l .  The 

f l 2 )T  ] s p e c i f i c  b i n d i n g  of  [ i j hGH %0 t h e  s o l u b i l i z e d  r e c e p t o r s  r e a c h e d  t h e  
equilibrium within 8 h at 25eC. The solubilized binding sites retained 
their specificity for ]actogenic hormones. The equilibrium constant for 
the dissociation of the complex was 8 x I0 -IO M. These properties are 
not significantly different from %hose reported for the particulate 
preparation. 

INTRODUCTION 

The existence of specific binding siies with high affinity for hGH has 

been  d e m o n s t r a t e d  in  m i c r o s o m a ]  membranes f rom a d u l t  f e m a l e  r a t  l i v e r ( l ) .  

F u r t h e r  s t u d i e s  have  c h a r a c t e r i z e d  t h e  p r o p e r t i e s  of  %he i n t e r a c t i o n  

be tween  hGH and t h e s e  b i n d i n g  s i t e s  ( 2 - 2 )  and t h e i r  p h y s i o l o g i c a l  

r e g u l a t i o n  ( 5 - 1 2 ) .  On t h e  b a s i s  of  some of  t h e  f o r e m e n t i o n e d  s t u d i e s  i t  

has been established that these binding sites have rather strict 

l a c t o g e n i c  specificity. 

In  t he  p r e s e n t  r e p o r t  we d e s c r i b e  t h e  s o l u b i l i z a t i o n  o f  t h e s e  r e c e p t o r s  

by using the nonionic detergent Triton X-100. 

ABBREVIATIONS : hGH: human Growth Hormone; bGH: b o v i n e  Growth Hormone; 
eGH: e q u i n e  Growth Hormone; oPRL: o v i n e  P r o l a c t i n ;  hCS: human C h o r i o n i c  
Somatomammotrophin;  oLH: o v i n e  L u t e i n i z i n g  Hormone; oFSH: o v i n e  F o l l i c l e  
- s t i m u l a t i n g  Hormone; bTSH: b o v i n e  T h y r o i d - s t i m u l a t i n g  Hormone; PEG: 
p o l y e t h y l e n e  G l y c o l .  

To whom r e p r i n t  r e q u e s t s  s h o u l d  be s e n t .  
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MATERIALS AND METHODS 

M a t e r i a l s  : hGH was p r e p a r e d  a c c o r d i n g  to  Roos e¢ a l .  (13)  and p u r i f i e d  
by g e l  f i l t r a t i o n ;  bGH was p r e p a r e d  by t h e  method  of  D e l l a c h a  and Sone~ 
b e r g  (14)  and eGH a c c o r d i n g  to  Conde e t a ] .  ( 1 5 ) .  The c h e m i c a l  p u r i t y  
and h o m o g e n e i t y  of  t h e s e  hormones were  e s t a b l i s h e d  by a m i n o a c i d  a n a l y s i s ,  
C - t e r m i n a l  d e t e r m i n a t i o n s  and p o l y a c r i l a m i d e  g e l  e l e c t r o p h o r e s i s .  T h e i r  
b i o l o g i c a l  a c t i v i t y  was 1 .1  , 1 .0  and 1 .6  IU/mg r e s p e c t i v e l y ,  oPRL, oLH, 
oFSH and bTSH were  o b t a i n e d  f rom t h e  NIAMDD, B e t h e s d a ,  Md. hCS was 
p u r c h a s e d  f rom N u t r i t i o n a l  B i o c h e m i c a l s ; b o v i n e  i n s u l i n ,  serum a l b u m i n  
and g a m m a - g l o b u l i n  f rom Sigma;  c a r r i e r - f r e e  [ 1 2 5 I ]  NaI f rom New Eng land  
N u c l e a r ;  PEG (Carbowax 6000) f rom Union C a r b i d e  and Sephadex G-]00  and 
Blue D e x t r a n  f rom P h a r m a c i a .  
An imal s  : A d u l t  ( 2 1 0 - 2 ) 0  g ) ,  f e m a l e  r a t s  o f  t h e  Long-Evans  s t r a i n  were  
used  in  %he e s t r o u s  phase  o f  t he  s e x u a l  c y c l e .  
I o d i n a t i o n  of  hGH : L a b e l i n g  of  hGH w i t h  [ 1 2 5 I ]  to  s p e c i f i c  a c t i v i t i e s  
of  80-100  . C i / . g  was c a r r i e d  ou t  as  described by Roth  ( 1 6 ) .  
Microsomes  p r e p a r a t i o  n : Microsomes  were  o b t a i n e d  a c c o r d i n g  to  P o s n e r  
e t  a l .  (1)  e x c e p t  t h a t  t h e  l i v e r  h o m o g e n e i z a t i o n  was done in  0 . 5  M 
S u c r o s e ,  5 mM Tr is -HC1 (pH 7 . 5 )  and 0 .5  mM CaC12. 
Solubilization procedure : Microsomes were resuspended in 1% (we/v) 
Triton X-100, 2 mM EDTA, 25 mM Tris-HC1 (pH 7.5) to give a protein 
concentration of 5 to 7 mg of protein per ml. The suspension was stirred 
a t  room t e m p e r a t u r e  (209C) f o r  30 min and t h e n  c e n t r i f u g e d  a t  190 ,000  
x gay f o r  8 h a t  ~ C  in  a MSE P r e p s p i n  50 u l t r a c e n t r i f u g e  f i t t e d  w i t h  a 
s w i n g - o u t  r o t o r  in  14 ml t u b e s .  A f t e r  c e n t r i f u g a e i o n  10 ml f rom t h e  t o p  
of  each  Cube were  c a r e f u l l y  a s p i r a t e d ,  a l i q u o t e d  and k e p t  f r o z e n  a t  - 20eC .  
No membranes were  d e t e c t e d  in  t h i s  e x t r a c t  by e l e c t r o n  m i c r o s c o p y  w i t h  
n e g a t i v e  s t a i n i n g .  P r o t e i n s  were  d e t e r m i n e d  by t h e  p r o c e d u r e  o f  Lowry 
e t  a l .  (17)  a d a p t e d  (18)  %o the p r e s e n c e  of  T r i t o n  X- /00  in t h e  s am p le .  
A p p r o x i m a t e l y  ~7 % of  t h e  membrane p r o t e i n  was s o l u b i l i z e d  by t h i s  
p r o c e d u r e .  
B ind in~  Assays  : Hormone b i n d i n g  %o m i c r o s o m e s  was m e a s u r e d  a c c o r d i n g  go 
P o s n e r  e t  a l .  ( 1 ) ;  b i n d i n g  go %he s o l u b i l i z e d  r e c e p t o r s  was d e t e r m i n e d  
by i n c u b a t i n g  ~ 2 5 I ]  hGH (100 to  150 x 103 cpm) w i t h  150 ~g of  s o l u b i l i z e d  
p r o t e i n s  i n  a f i n a l  vo lume of  500 ~1 c o n t a i n i n g  25 mM Tr is -HC1 (pH 7 . 5 ) ,  
i0 mM CaCl 2 and 0.08 % (we/v) of bovine serum albumin at 259C overnight 
(1~ h)  
N o n s p e c i f i c  B i n d i n g  was d e t e r m i n e d  i n  t h e  p r e s e n c e  of  5 ~g of  u n l a b e l e d  
hGH. A f t e r  i n c u b a t i o n  two methods  were  u s e d  %o d e t e c t  b i n d i n g  a c t i v i t y :  
g e l  f i l t r a t i o n  on Sephadex  G-100 co lumns  and PEG p r e c i p i t a t i o n .  
Gel f i l t r a t i o n  was p e r f o r m e d  by a p p l y i n g  t h e  s amples  %o a Sephadex  G-100 
column (600 x 5 mm) and elueing with 25 mM Tris-HC] (pH 7.5); I0 mM 
Cael2; 0.08 ~ (wt/v) bovi,e serum albumin and 0.I ~ (wt/v) Trieon X-100. 
Fractions of 0.5 ml were collected and counted in a gamma-couneer. 
The PEG precipitaeion method (19) was done as follows: at ehe end of the 
incubation time ehe Cubes were placed in ice and 0.5 m] of cold 0.1% 
(wt/v) bovine gamma-globulin were added, followed by I ml of cold 2~ % 
(we/v) PEG, boeh dissolved in 25 mM Tris-HCl (pH 7.5) buffer, mixing 
vigorously. The Cubes were kept in ice for 10 min and then cenerifuged 
ae 1,400 x gay for 25 min. The supernatan%swere drained off, and the 
Cubes couneed in a gamma-counter. No dissociaeion of the hormone-receptor 
complex was detected up eoi h in ice after precipitation. 
The concentraeion of membrane proeein used in all experimenes was in the 
zone of linear dependence of the specific binding. 
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F i g .  1 : E f f e c t  o f  p r e i r e a i m e n i  o f  m i c r o s o m e s  w i t h  T r i t o n  X-100 on t h e  
b i n d i n g  o f  ~ 2 5 I ]  hGH. A 5 Non t r e a t e d  m i c r o s o m e s .  B 5 T r e a t e d  as  C 5 b u t  
w i t h o u t  T r i t o n  X - 1 0 0 .  0)  M i e r o s o m e s  t r e a t e d  w i t h  T r i t o n  X-100 a s  
d e s c r i b e d  u n d e r  " M a t e r i a l s  and  M e t h o d s " .  A f t e r  c e n i r i f u g a t i o n  t h e  p e l l e t s  
w e r e  r e s u s p e n d e d  i n  f r e s h  b u f f e r  and  t h e i r  b i n d i n g  a c t i v i t y  d e t e r m i n e d .  
S p e c i f i c  B i n d i n g  (~5 i s  d e f i n e d  a s  (TB-N 5 x 1 0 0 / T  w h e r e  TB i s  t h e  t o t a l  
r a d i o a c t i v i t y  b o u n d ,  N i s  t h e  n o n s p e c i f i c a l l y  bound  r a d i o a c t i v i t y  and  
T i s  t h e  t o t a l  r a d i o a c t i v i t y  p u t  i n t o  t h e  t u b e .  The h e i g h t  o f  e a c h  b a r  
r e p r e s e n t s  t h e  mean o f  t r i p l i c a t e  d e t e r m i n a t i o n s .  The SD i s  shown.  

F i g .  2 : Gel  f i l t r a t i o n  on S e p h a d e x  G-100 of  ~ 2 5 ~  hGH i n c u b a % e d  w i t h  no 
a d d i t i o n s  (A, ~ 5; i n c u b a t e d  w i t h  s o l u b l e  r e c e p t o r s  (A, O---O 5 o r  
w i t h  s o l u b l e  r e c e p t o r s  and  5 Pg  of  u n l a b e l e d  hGH (B, ~ 5- 

RESULTS 

The e x t r a c t i o n  o f  t h e  m i c r o s o m a l  m e m b r a n e s  w i t h  T r i t o n  X-100 c a u s e d  a 

l o s s  o f  80 p e r  c e n t  o f  t h e  o r i g i n a l  s p e c i f i c  b i n d i n g  o f  hGH ( F i g . 1 5 .  

T h i s  phenomenon  was p a r a l l e l e d  by t h e  a p p e a r a n c e  o f  s p e c i f i c  h G H - b i n d i n g  

a c t i v i t y  d e t e c t e d  by  g e l  f i l t r a t i o n  i n  t h e  e x t r a c t  s n p e r n a l a n i  ( F i g . 2 5 .  

The e l u t i o n  p r o f i l e  o f  [ 1 2 5 I ]  hGH showed a m a j o r  p e a k  w i t h  a Ve/Vo r a t i o  

o f  1 . 8 7  and  a m i n o r  r e t a r d e d  p e a k  p r o b a b l y  due t o  d e g r a d a t i o n  p r o d u c t s .  

When t h e  l a b e l e d  h o r m o n e  was i n c u b a t e d  w i t h  t h e  e x t r a c t ,  p a r t  o f  t h e  

r a d i o a c t i v i t y  a p p e a r e d  i n  a new p e a k ,  c o i n c i d e n t  w i t h  t h e  v o i d  v o l u m e  
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o f  t h e  c o l u m n .  T h i s  p e a k  d i s a p p e a r e d  w h e n  t h e  i n c u b a t i o n  was  d o n e  i n  t h e  

p r e s e n c e  o f  a 5 , 0 0 0 - f o l d  e x c e s s  o f  u n l a b e l e d  h o r m o n e .  The a m o u n t  o f  

d e g r a d a t i o n  p r o d u c t s  d i d  n o t  c h a n g e  i n  a n y  o f  t h e s e  e x p e r i m e n t a l  

c o n d i t i o n s .  

I t  i s  c l e a r  t h a t  hGH was  b o u n d  s p e c i f i c a l l y  t o  a s o l u b l e  m a c r o m o l e c u l e  

p r e s e n t  i n  ~h e  h i g h - s p e e d  s u p e r n a t a n t  t o  f o r m  a c o m p l e x  w i t h  a m o l e c u l a r  

w e i g h t  h i g h e r  o r  e q u a l  t o  150,000. The s p e c i f i c  b i n d i n g  a c t i v i t y  

r e c o v e r e d  i n  t h e  e x t r a c t  was  a b o u t  50 p e r  c e n t  o f  t h a t  i n i t i a l l y  p r e s e n t  

i n  t h e  m i c r o s o m e s .  

The h o r m o n e - r e c e p t o r  c o m p l e x  was a l s o  s e p a r a t e d  f r o m  t h e  f r e e  h o r m o n e  

b y  t h e  PEG p r e c i p i t a t i o n  m e t h o d .  The p e r c e n t a g e  o f  s p e c i f i c  b i n d i n g  

f o u n d  b y  t h i s  p r o c e d u r e  was  s i m i l a r  t o  t h a t  o b t a i n e d  b y  g e l  f i l t r a t i o n .  

N e g l i g i b l e  n o n s p e c i f i c  b i n d i n g  was o b s e r v e d  w h e n  t h e  a s s a y  was  d o n e  b y  

g e l  f i l t r a t i o n ,  b u t  a b o u t  6 p e r  c e n t  o f  t h e  a d d e d  r a d i o a c t i v i t y  

p r e c i p i t a t e d  w i t h  PEG i n  t h e  p r e s e n c e  o f  a n  e x c e s s  o f  u n l a b e l e d  hGH. 

C o n t r o l  e x p e r i m e n t s  w i t h o u t  a d d e d  r e c e p t o r  r e v e a l e d  t h a t  i t  was  m a i n l y  

due to p r e c i p i t a t i o n  of  f r e e  [12 i] hGH. 

V a r i o u s  t r e a t m e n t s  o f  t h e  m i e r o s o m e s  w i t h  2 M NaCI ,  2 g KI ,  3 M U r e a ,  

2 mM EDTA, 30 ~ ( v / v )  E t h a n o l ,  o r  1 ~ ( w t / v )  SDS u n d e r  * h e  same 

c o n d i t i o n s  a s  u s e d  w i t h  T r i t o n  X - 1 0 0  d i d  n o t  s o l u b i l i z e  a n y  r e c e p t o r  

a c t i v i t y .  

Fi .3 shows the  k i n e t i c s  o f  a s s o c i a t i o n  hetween   251] and the  

s o l u b i l i z e d  r e c e p t o r s  a t  25eC .  N o n s p e c i f i c  b i n d i n g  was  m a x i m a l  a l m o s t  

i n s t a n t a n e o u s l y ,  w h e r e a s  s p e c i f i c  b i n d i n g  r e a c h e d  e q u i l i b r i u m  a f t e r  8 h 

o f  i n c u b a t i o n .  

As shown  i n  T a b l e  1 t h e r e  was s i g n i f i c a n *  i n h i b i t i o n  o f  [ 1 2 5 I ]  hGH - 

b i n d i n g  b y  h o r m o n e s  w i t h  l a c t o g e n i c  a c t i v i t y  l i k e  hGH, oPRL a n d  hCS.  

O t h e r  h o r m o n e s  d e v o i d  o f  t h i s  p r o p e r t y  l i k e  bGH, eGH, oLH, oFSH, bTSH a n d  

b o v i n e  i n s u l i n  d i d  n o t  c o m p e t e  w i t h  [ 1 2 5 1 ]  hGH. 

F i g .  ~ shows  t h e  c o m p e t i t i o n  c u r v e  b e t w e e n  [ 1 2 5 1 ]  hGH a n d  n a t i v e  hGH f o r  
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Fig. 3 : Kinetics of ~251] hGB association to the soluble receptors at 
~Specific and Nonspecific binding at different times were determined 
by PEG precipitation. Each point represents the mean ~ SD of triplicate 
determinations. 

Fig. ~ : Competition between [125I 3 hGH and native hGq for the soluble 
~ o r s .  ~ 5 I ]  hGH was i n c u b a t e d  w i t h  s o l u b l e  r e c e p t o r s  i n  t h e  p r e s e n c e  
of  i n c r e a s i n g  amounts  of  u n l a b e l e d  hGH. B / Bo i s  t h e  r a t i o  be tw een  
s p e c i f i c  b i n d i n g  o f ~ 2 5 I ]  hGH a t  each  c o n c e n t r a t i o n  of  u n l a b e l e d  hGH 
and s ~ e c i f i c  b i n d i n g  i n  t h e  a b s e n c e  o f  u n l a b e l e d  hGH. Va lues  a r e  t h e  
mean : SD of  t r i p l i c a t e  d e t e r m i n a t i o n s .  I n s e t  : S c a t c h a r d  p l o t  o f  t h e  
c o m p e t i t i o n  d a t a .  B 1/ F i s  t h e  r a t i o  be tw een  hGH s p e c i f i c a l l y  bound (B) 
and f r e e  h6H ( F ) .  

3_ 

L I L 

16 ~ 16' 16 ° 
Free hGH (M) 

t h e  s o l u b i l i z e d  r e c e p t o r s .  S c a t c h a r d  a n a l y s i s  (20)  of  t h e s e  d a t a  y i e l d e d  

a l i n e a r  p l o t  ( F i g .  ~, i n s e t ) .  The c a l c u l a t e d  d i s s o c i a t i o n  c o n s t a n t  was 

8 x 10 - 1 0  M and t h e  b i n d i n g  c a p a c i t y  1026 fmol  p e r  mg of p r o t e i n .  

DISCUSSION 

N o n i o n i c  d e t e r g e n t s  and b i l e  s a l t s  a r e  u s e f u l  t o o l s  f o r  t h e  s o l u b i l i z a t i o n  

of membrane proteins without affecting their biological activities (21). 

From %he data obtained in the present experiments it is clear that Triton 

X-100 is able to solubilize the lactogenie receptors from rat liver 

microsomes with retention of their hGH-binding property. However, not all 

the binding activity disappearing from the microsomes is recovered in 

the supernatant. The reason for this is unclear : it may be due to partial 

inactivation of the receptors during the solubilization process or the 
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TABLE i S p e c i f i c i t y  o f  b i n d i n g  of  [1251J hGH to  t h e  s o l u b l e  r e c e p t o r s .  

A d d i t i o n s  B i n d i n g  (%) 

None 30.6 ± 0 .7  

hGn 9.8  ! 0 .2  

oPRL 8 . 7  ! 0 .0  

hCS 13 .2  ~ 0 .2  

bGH 2 8 . 4  ~ 0 .7  

eGH 31.8 ~ 1.3 

oLH 30.3 ~ 1.1 

oFSH 30 .5  ± 0 .7  

bTSH 30 .3  ~ 1 .1  

b o v i n e  I n s u l i n  30 .2  ~ 1 .0  

~ 2 5 I ]  hGH was i n c u b a t e d  w i t h  t h e  s o l u b l e  r e c e p t o r s  i n  t h e  p r e s e n c e  
of  5 ~ g  of  each  i n d i c a t e d  hormone.  B i n d i n g  was m e a s u r e d  by t h e  PEG 
p r e c i p i t a t i o n  me thod .  B i n d i n g  (%) i s  d e f i n e d  as  (TB/T) x 100 where  TB 
i s  t h e  t o t a l  r a d i o a c t i v i t y  bound and T i s  t h e  t o t a l  r a d i o a c t i v i t y  p u t  
i n t o  t h e  t u b e .  V a l u e s  a r e  e x p r e s s e d  as  t h e  mean ~ SD of  t r i p l i c a t e  
d e t e r m i n a t i o n s .  

r e s u l t  o f  an i n h i b i t o r y  e f f e c ~  on t h e  b i n d i n g  a s s a y  of  t h e  T r i t o n  X-IO0 

p r e s e n t  in  t h e  s y s t e m .  

H e r i n g t o n  e t  a l .  (2)  r e p o r t e d  maximal  s p e c i f i c  b i n d i n g  of  [ 1 2 5 I ]  hGH t o  

m i c r o s o m a l  membranes i n  16 h a t  22~C. Th i s  s low r a t e  o f  a s s o c i a t i o n  was 

a t t r i b u t e d  to  v e s i c u l i z a t i o n  o f  t h e i r  p a r t i c u l a r  p r e p a r a t i o n .  However ,  

m i c r o s o m e s  o b t a i n e d  by us i n  t h e  p r e s e n c e  o f  Ca 2+ and i n  a b u f f e r e d  

medium r e a c h e d  e q u i l i b r i u m  w i t h i n  6 h a t  25~C # ,  t h i s  v a l u e  b e i n g  q u i t e  

s i m i l a r  to  t h a t  found  i n  t h e  p r e s e n t  e x p e r i m e n t s .  A p p a r e n t l y ,  t h e n ,  t h e  

s o l u b i l i z a t i o n  p r o c e d u r e  does  n o t  l e a d  to  any s i g n i f i c a n t  change  i n  t h e  

k i n e t i c  b e h a v i o r  of  t h e  r e c e p t o r s .  

#S .H.  SAnehez,  J . S . B o n i f a c i n o  and h . C . P a l a d i n i  
Manuscript in preparation. 
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T h e i r  s p e c i f i c i t y  f o r  l a c t o g e n i c  hormones i s  a l s o  r e t a i n e d .  

The d i s s o c i a t i o n  c o n s t a n t  of t he  s o l u b l e  r e c e p t o r s  f ound  h e r e  i s  i n  c l o s e  

a g r e e m e n t  w i t h  t h o s e  r e p o r t e d  i n  t he  l i t e r a t u r e  f o r  t he  mic rosoma l  one s :  

10 -10 10 -10  10 -10  9 x M (2); 12.4 x M (3) and 7 to 9 x M (5). No change 

in affinity seems to occur with the solubilization process. 

The o b t e n t i o n  i n  s o l u b l e  form of the  r a t  l i v e r  l a e t o g e n i c  r e c e p t o r s ,  w i t h  

t h e i r  b i n d i n g  p r o p e r t i e s  i n t a c t ,  i s  t he  n e c e s s a r y  s t e p  p r e v i o u s  to  f u r t h e r  

p u r i f i c a t i o n  and t h e i r  p h y s i c a l ,  chemica l  and i m m u n o l o g i c a l  c h a r a c t e r i z a t i  
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