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CHAPTER I

INTRODUCTION

The c o l e  t h a t  i n s u l i n  p l a y s  i n  r e g u l a t i n g  n o nrun ) inan t  

mammary m e ta b o l i sm  i s  n o t  w e l l  e s t a b l i s h e d .  Mammary t i s ­

su e  r e q u i r e s  i n s u l i n  f o r  s u r v i v a l  i n  v i t r o  ( 1 1 ) .  F u r t h e r ­

m ore ,  i n s u l i n ,  in  c o m b i n a t i o n  w i th  p r o l a c t i n  and a d r e n a l  

c o r t i c o i d  i s  n e c e s s a r y  f o r  maximal  s t i m u l a t i o n  o f  m i l k  

l i p i d  (5 ,  32) and p r o t e i n  (34) s y n t h e s i s .  On t h e  o t h e r  

h a n d ,  i n s u l i n  i s  n o t  e s s e n t i a l  to l a c t o s e  s y n t h e s i s  (4) 

n o r  g l u c o s e  u p ta k e  (24) by t h e  mammary g l a n d .  T h e r e f o r e ,  

i n s u l i n  a p p e a r s  to  a c t  in a p e r m i s s i v e  r a t h e r  t h a n  a r e g ­

u l a t o r y  c a p a c i t y  w i t h  r e s p e c t  to  m o s t  mammary c e l l  

f u n c t i o n s .

R e c e n t l y ,  Jones  e t  a l .  (21) r e p o r t e d  t h a t  i n f u s i o n  o f  

i n s u l i n  a t  a d o sag e  which l e d  t o  a s m a l l  p h y s i o l o g i c a l  

r i s e  i n  p lasm a  i n s u l i n  c o n c e n t r a t i o n  w i t h o u t  c a u s i n g  

marked hypoglycem ia  s t i m u l a t e d  l i p o g e n i c  r a t e s  i n  r a t  mam­

mary g l a n d  by 100%. They c o n c lu d e d  t h a t  t h e  l a c t a t i n g  

mammary g l a n d  i s  a h i g h l y  i n s u l i n - s e n s i t i v e  t i s s u e .  In 

a d d i t i o n ,  T h re a d g o ld  and Kuhn (35) d e m o n s t r a t e d  t h a t  

t r a n s p o r t  o f  3 - 0 - m e t h y l g l u c o s e  by t h e  mammary g l a n d s  o f

1
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s t a r v e d  r a t s  can  be  r e s t o r e d  toward  normal  by i n s u l i n .  

These  two s t u d i e s  i n d i c a t e  t h a t  i n s u l i n  may be  more impor­

t a n t  i n  r e g u l a t i n g  mammary m e ta b o l i s m  t h a n  t h e  m a j o r i t y  o f  

e v i d e n c e  i m p l i e s .

An in  v i t r o  i n s u l i n  r e q u i r e m e n t  f o r  mammary s e c r e t o r y  

c e l l  m a in t e n a n c e  (11) s u g g e s t s  t h a t  i n s u l i n  works d i r e c t l y  

on t h e  mammary c e l l .  M o reo v e r ,  t h e  f a c t  t h a t  o n l y  s m a l l  

c h a n g e s  in  i n s u l i n  c o n c e n t r a t i o n  a r e  r e q u i r e d  t o  p r o d u c e  

l a r g e  r a t e  c h an g es  in  mammary l i p o g e n e s i s  (21) i m p l i e s  

t h a t  p lasm a i n s u l i n  c o n c e n t r a t i o n  by i t s e l f  i s  n o t  r e s p o n ­

s i b l e  f o r  t h e  h ig h  s e n s i t i v i t y  o f  t h e  g l a n d  t o  i n s u l i n .  

I n s u l i n  r e c e p t o r s  hav e  been  i d e n t i f i e d  in  m u r in e  mammary 

c e l l s  (9 ,  17,  18, 2 7 ) .  F u r t h e r m o r e ,  i n s u l i n  b i n d i n g  to  

m u r in e  mammary c e l l s  i s  g r e a t e r  d u r i n g  l a c t a t i o n  than  

d u r i n g  p r e g n an cy  (9 ,  18,  2 7 ) .  P h y s i o l o g i c a l  r e g u l a t i o n  o f  

i n s u l i n  b i n d i n g  to  t h e  mammary g l a n d  s u g g e s t s  t h a t  t h e  

r e s p o n s i v e n e s s  o f  t h e  g l a n d  can be  a l t e r e d ,  a t  l e a s t  in  

p a r t ,  v i a  t h e  i n s u l i n  r e c e p t o r .

S in c e  g l u c o s e  m e ta b o l i s m  i s  known to  d i f f e r  be tw een  

r u m in a n t s  and n o n r u m in a n t s  ( 2 2 ) ,  t h e  r o l e  t h a t  i n s u l i n  

p l a y s  in  r e g u l a t i n g  r u m in a n t  mammary m e ta b o l i s m  i s  p a r ­

t i c u l a r l y  u n c l e a r .  L i t t l e  g l u c o s e  i s  a b s o rb e d  from t h e  

g u t  o f  t h e  ru m in a n t  ( 2 2 ) ;  h e n c e ,  endogenous  g l u c o s e  p r o ­

d u c t i o n  must meet  t h e  a n i m a l ' s  g l u c o s e  n e e d s .
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G l u c o n e o g e n e s i s  i s  p e r m a n e n t l y  a c t i v e  i n  t h e  r u m in a n t  

( 2 2 ) ,  o c c u r r i n g  p r i m a r i l y  i n  t h e  l i v e r  ( 3 ) .  As a r e s u l t ,  

b lo o d  g l u c o s e  and i n s u l i n  c o n c e n t r a t i o n s  a r e  low er  in  

r u m i n a n t s  (14) t h an  in  n o n r u m in a n t s  ( 3 8 ) .  In  a d d i t i o n ,  

r u m i n a n t s  seem l e s s  s e n s i t i v e  to  i n s u l i n  t h a n  nonrum i­

n a n t s .  Blood g l u c o s e  c o n c e n t r a t i o n s  i n  d i a b e t i c  s h e e p  

r e s p o n d  s l o w l y  to  i n s u l i n  a d m i n i s t r a t i o n  (4 d) ( 2 0 ) ,  b u t  

t h e  same r e s p o n s e  in  t h e  n o n r u m in a n t  o c c u r s  r a p i d l y  (30 

min) (12) .

As in  t h e  n o n r u m i n a n t ,  i n s u l i n  i s  r e q u i r e d  f o r  

v i a b i l i t y  o f  r u m in a n t  mammary t i s s u e  in  v i t r o  (6) and 

m a i n t e n a n c e  o f  s e c r e t o r y  a c t i v i t y  in  v iv o  ( 2 6 ) .  I n s u l i n  

a l s o  does  n o t  a p p e a r  t o  be  r e q u i r e d  f o r  l a c t o s e  s y n t h e s i s  

(16) and g l u c o s e  t r a n s p o r t  (15) in  t h e  mammary g l a n d  o f  

t h e  r u m i n a n t .  C o n v e r s e l y ,  r u m i n a n t  mammary t i s s u e  seems 

l e s s  r e s p o n s i v e  t o  i n s u l i n  t h a n  n o n ru m in a n t  mammary t i s s u e  

w i t h  r e s p e c t  to  l i p o g e n e s i s  s i n c e  i n s u l i n  added in  v i t r o  

t o  r u m in a n t  mammary t i s s u e  in  t h e  p r e s e n c e  o f  a c e t a t e  and 

g l u c o s e  h a s  no s t i m u l a t o r y  e f f e c t  ( 2 ) .

Vernon e t  a l .  (36) p o s t u l a t e d  t h a t  r em oval  o f  a d i p o s e  

t i s s u e  from t h e  cow r e s u l t s  in  t e m p o r a r y  r e f r a c t o r i n e s s  to  

i n s u l i n  s t i m u l a t i o n .  These  w o r k e r s  found t h a t  b o v in e  

a d i p o c y t e s  i n c u b a t e d  f o r  o n l y  24 h r  i n  v i t r o  r e sp o n d e d  

o n l y  s l i g h t l y  t o  i n s u l i n  s t i m u l a t i o n  o f  g l u c o s e  u p ta k e  and
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p y c u v a t e  k i n a s e  a c t i v i t y .  On t h e  o t h e r  h a n d ,  a d i p o c y t e s  

i n c u b a t e d  f o r  48 h r  i n  v i t r o  r e sp o n d e d  g r e a t l y  t o  i n s u l i n  

s t i m u l a t i o n .  Temporary  r e f r a c t o r i n e s s  o f  b o v i n e  mammary 

t i s s u e  in  c u l t u r e  c o u l d  a c c o u n t  f o r  t h e  i n a b i l i t y  o f  p r e ­

v i o u s  i n v e s t i g a t o r s  (2) to  d e t e c t  a s t i m u l a t o r y  e f f e c t  o f  

i n s u l i n  on l i p o g e n e s i s .

A l th o u g h  i n s u l i n  i s  e s s e n t i a l  f o r  norm al  mammary 

f u n c t i o n  b o t h  in  v i t r o  (6) and in  v i v o  (26) in  t h e  rumi­

n a n t ,  t h e  i n s u l i n - i n s e n s i t i v i t y  o f  t h e  g l a n d  seems t o  r u l e  

o u t  a r e g u l a t o r y  r o l e  f o r  i n s u l i n .  N o n e t h e l e s s ,  nonrum i­

n a n t  mammary t i s s u e  a l s o  a p p e a r s  r e f r a c t o r y  t o  i n s u l i n  

s t i m u l a t i o n  w i th  r e s p e c t  t o  l a c t o s e  s y n t h e s i s  (4) and 

g l u c o s e  u p ta k e  ( 2 4 ) ;  y e t ,  c e r t a i n  p h y s i o l o g i c a l  c o n d i ­

t i o n s ,  such  a s  l a c t a t i o n ,  r e s u l t  in  u p r e g u l a t i o n  o f  i n s u ­

l i n  r e c e p t o r  numbers  on th e  mammary c e l l  ( 9 ,  18) i m p l i c a t ­

ing i n s u l i n  in  t h e  r e g u l a t i o n  o f  mammary m e t a b o l i s m .  With 

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

in  t h e  mammary g l a n d  o f  t h e  r u m in a n t  was i n d i c a t e d .

At t h e  t im e  t h e  e x p e r i m e n t s  i n  t h i s  d i s s e r t a t i o n  were 

i n i t i a t e d ,  i n s u l i n  r e c e p t o r s  had n o t  been  i d e n t i f i e d  in 

b o v i n e  mammary t i s s u e .  I n s u l i n  r e c e p t o r s  had been  i d e n ­

t i f i e d ,  h o w ev e r ,  i n  b o v i n e  l i v e r  m ic rosom es  ( 3 0 ) .  S in c e  a



5

t h o r o u g h  c h a r a c t e r i z a t i o n  o f  i n s u l i n  r e c e p t o r s  i s  e s s e n ­

t i a l  t o  f u t u r e  s t u d i e s  d e a l i n g  w i th  i n s u l i n  r e c e p t o r  r e g ­

u l a t i o n  in  t h e  mammary g l a n d  o f  t h e  r u m i n a n t ,  i n s u l i n  

r e c e p t o r s  i n  b o v i n e  mammary m ic rosom es  were  c h a r a c t e r i z e d .  

I n s u l i n  r e c e p t o r s  i n  b o v i n e  l i v e r  m ic rosom es  were a l s o  

s t u d i e d  f o r  c o m p a r a t i v e  p u r p o s e s ,  a s  w e l l  a s  f o r  t e c h n i q u e  

v e r i f i c a t i o n .

P o sn e r  e t  a l .  (29) r e p o r t e d  s i g n i f i c a n t  t i s s u e  and 

s p e c i e s  d i f f e r e n c e s  in  i n s u l i n  b i n d i n g .  Such d i f f e r e n c e s  

c o u ld  i n d i c a t e  d i f f e r e n t i a l  i n s u l i n  r e q u i r e m e n t s ,  b o th  

among s p e c i e s  and among t i s s u e s  w i t h i n  s p e c i e s .  In  v iew  

o f  t h e  d i f f e r e n c e s  b e tw een  r u m i n a n t s  and n o n r u m in a n t s  in  

g l u c o s e  m e ta b o l i s m  and i n s u l i n  r e g u l a t i o n  t h e r e o f  ( 2 0 ) ,  

d i f f e r e n c e s  in  i n s u l i n  b i n d i n g  be tw een  t h e s e  two a n im a l  

g r o u p s  m ig h t  be e x p e c t e d .  T h e r e f o r e ,  i n s u l i n  b i n d i n g  by 

l i v e r  and mammary m ic rosom es  o f  t h e  p ig  and d a i r y  cow, two 

s p e c i e s  n o t  examined by P osne r  e t  a l .  ( 2 9 ) ,  was examined 

and co m p ared .

In  t h e  a f o r e m e n t i o n e d  s t u d i e s ,  a m ic ro so m al  model was 

c h o s e n  b e c a u s e  m ic ro s o m a l  p r e p a r a t i o n  i s  e c o n o m ic a l  and 

c o n v e n i e n t  i n  t h a t  l a r g e  q u a n t i t i e s  o f  t i s s u e  can be p r e ­

p a r e d  a t  one t im e  and f r o z e n  f o r  f u t u r e  u s e .  U n f o r t u n a t e ­

l y ,  i n s u l i n  b i n d i n g  to  t h e  m ic ro so m al  f r a c t i o n  i s  n o t
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n e c e s s a r i l y  r e p r e s e n t a t i v e  o f  i n s u l i n  b i n d i n g  t o  t h e  p l a s ­

ma membrane,  a s  m ic ro so m es  a r e  composed o f  rough  e n d o p l a s ­

mic r e t i c u l u m ,  smooth e n d o p la s m ic  r e t i c u l u m ,  and G o lg i  

membranes  a s  w e l l  ( 8 ) .  M i lk ,  h o w e v e r ,  c o n t a i n s  an abun­

d a n c e  o f  membranes d e r i v e d  from t h e  p la sm a  membrane o f  t h e  

mammary s e c r e t o r y  c e l l .

When m i l k  f a t  i s  s e c r e t e d  i n t o  t h e  a l v e o l a r  lumen,  

t h e  f a t  d r o p l e t  i s  c o a t e d  w i t h  a p o r t i o n  o f  t h e  a p i c a l  

p la sm a  membrane o f  t h e  mammary s e c r e t o r y  c e l l  (2S) . These  

m i l k  f a t  g l o b u l e  m em branes ,  MFGM, a r e  e a s i l y  i s o l a t e d  from 

m i l k  i n  l a r g e  q u a n t i t i e s  (7) and c o n t a i n  numerous p r o t e i n s  

(2 5 ,  3 7 ) .  F l i n t  and West (10) r e p o r t e d  t h e  p r e s e n c e  o f  

i n s u l i n  r e c e p t o r s  in  MFGM i s o l a t e d  from m u r in e  and c a p r i n e  

m i l k .

S in c e  MFGM c o n t a i n  i n s u l i n  r e c e p t o r s  and a r e  t h o u g h t  

t o  o r i g i n a t e  from t h e  p lasm a  membrane o f  t h e  mammary 

s e c r e t o r y  c e l l ,  t h e y  may p r o v i d e  a more a c c u r a t e  model 

t h a n  m ic rosom es  f o r  a s s e s s i n g  i n s u l i n  b i n d i n g  to  t h e  mam­

mary g l a n d .  F u r t h e r m o r e ,  t h e  model  i s  a d v a n t a g e o u s  in  

t h a t  r e p e a t  s a m p l in g  o f  a n i m a l s  i s  p o s s i b l e .  For t h i s  

r e a s o n ,  i n s u l i n  b i n d i n g  to  b o v i n e  MFGM was a s s e s s e d  and 

compared to  b i n d i n g  by b o v i n e  mammary m i c ro s o m e s .  In ad ­

d i t i o n ,  t h e  a s s o c i a t i o n  b e tw een  i n s u l i n  b i n d i n g  to  MFGM 

and p h y s i o l o g i c a l  and n u t r i t i o n a l  s t a t u s  was examined  to
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d e t e r m i n e  i f  MFGM c o u l d  be  used  to  m o n i t o r  i n s u l i n  r e c e p ­

t o r  c h a n g e s  in  t h e  mammary g l a n d .

High f a t  d i e t s  hav e  been  shown t o  d e c r e a s e  i n s u l i n  

b i n d i n g  by  r a t  a d i p o c y t e s  (19) and l i v e r  p la sm a  membranes  

( 3 3 ) ,  p r i m a r i l y  b e  d e c r e a s i n g  t h e  number o f  i n s u l i n  r e c e p ­

t o r s  a v a i l a b l e  f o r  b i n d i n g .  High f a t  d i e t s  hav e  a l s o  been 

a s s o c i a t e d  w i t h  i n s u l i n  r e s i s t a n c e  in  t h e  r u m i n a n t .  D a i r y  

c a t t l e  fed  a  h i g h  f a t  d i e t  e x h i b i t  im p a i r e d  g l u c o s e  

c l e a r a n c e  and enhanced  i n s u l i n  s e c r e t i o n  in  r e s p o n s e  t o  a 

g l u c o s e  c h a l l e n g e  (28) . I n t e r e s t i n g l y ,  m i l k  p r o t e i n  y i e l d  

(1 ,  23,  31) and p e r c e n t a g e  (23 ,  31) a r e  d e p r e s s e d  in  d a i r y  

c a t t l e  fed  a  h i g h  f a t  d i e t .  Based on t h e  s t i m u l a t o r y  r o l e  

o f  i n s u l i n  in  p r o t e i n  s y n t h e s i s  (13) , i t  i s  p o s s i b l e  t h a t  

d i e t a r y  f a t  i n h i b i t s  m i l k  p r o t e i n  s y n t h e s i s  by m o d u la t in g  

mammary i n s u l i n  r e c e p t o r s .  T h e r e f o r e ,  t h e  e f f e c t  o f  f a t  

f e e d i n g  on i n s u l i n  b i n d i n g  to  r a t  mammary and l i v e r  m i c r o ­

somes was e x a m in e d .  A l th o u g h  t h e  p r i m a r y  e m p h a s i s  o f  t h i s  

d i s s e r t a t i o n  was i n s u l i n  b i n d i n g  by b o v i n e  mammary memb­

r a n e s ,  r a t s  were employed in  t h i s  s t u d y  f o r  e c o n o m ic a l  and 

p r a c t i c a l  r e a s o n s .  L i v e r ,  once  a g a i n ,  was i n c l u d e d  f o r  

c o m p a r a t i v e  p u r p o s e s .

In summary, t h e  o b j e c t i v e s  o f  t h i s  d i s s e r t a t i o n  were  

a s  f o l l o w s :
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1.  To c h a r a c t e r i z e  i n s u l i n  b i n d i n g  to  b o v i n e  mammary 

m ic rosom es  and t o  d e t e r m i n e  i f  t h e  s p e c i f i c i t y  and 

k i n e t i c s  o f  t h i s  b i n d i n g  i n d i c a t e  t h e  p r e s e n c e  o f  i n s u l i n  

r e c e p t o r s  i n  b o v i n e  mammary g l a n d ;

2 .  To exam ine  and compare  i n s u l i n  b i n d i n g  by l i v e r  

and mammary m ic rosom es  o f  t h e  p ig  and d a i r y  cow;

3.  To exam ine  i n s u l i n  b i n d i n g  t o  b o v i n e  MFGM and to  

e v a l u a t e  t h i s  m o d e l ' s  u s e f u l n e s s  i n  a s s e s s i n g  i n s u l i n  

r e c e p t o r  r e g u l a t i o n  in  t h e  mammary g l a n d ;  and

4 .  To exam ine  t h e  e f f e c t  o f  d i e t a r y  f a t  on i n s u l i n  

b i n d i n g  by r a t  mammary and l i v e r  m i c ro s o m e s .



LIST OF REFERENCES

1.  B an k s ,  W., J .  L. C l a p p e r t o n ,  M. E. F e r r i e ,  and A. G. 
W i l s o n .  1976.  E f £ e c t  o f  f e e d i n g  f a t  t o  d a i r y  cows 
r e c e i v i n g  a f a t - d e f i c i e n t  b a s a l  d i e t .  J .  D a i r y  Res .  
4 3 :2 1 3 .

2. Bauman, D. E . ,  D. L. I n g l e ,  R. W. M e l l e n b e r g e r , and 
C. L. D a v i s .  1973.  F a c t o r s  a f f e c t i n g  in  v i t r o  
l i p o g e n e s i s  by b o v i n e  mammary t i s s u e  s l i c e s .  J .  
D a i r y  S c i . 5 6 :1 5 2 0 .

3. Bergman,  E. M., R. P. Brockman,  and C. F. Kaufman. 
1974.  G lu co se  m e ta b o l i s m  i n  r u m i n a n t s :  Com par ison  
o f  w h o le -b o d y  t u r n o v e r  w i t h  p r o d u c t i o n  b y  g u t ,  
l i v e r , a n d  k i d n e y s .  F ed .  P r o c .  3 3 :1 8 4 9 .

4 .  C a r r i c k ,  D. T. and N. J .  Kuhn. 1978.  D i u r n a l  v a r i a  
t i o n  and r e s p o n s e  t o  food w i t h d r a w a l  o f  l a c t o s e  sy n ­
t h e s i s  in  l a c t a t i n g  r a t s .  1978.  B iochem. J .  
1 7 4 :3 1 9 .

5.  C a r r i n g t o n ,  C. A . ,  H. L. H o s i c k ,  I .  A. F o r s y t h ,  and
R. D i l s .  1983. M i l k - f a t  s y n t h e s i s  by g l o b u l e s  p r e ­
p a r e d  from r a b b i t  mammary g l a n d :  Response  t o  i n s u ­
l i n ,  c o r t i c o s t e r o n e ,  p r o l a c t i n  and p r o g e s t e r o n e ,  j .  
E n d o c r i n .  9 7 :1 5 7 .

6 .  C o l l i e r ,  R. J . ,  D. E. Bauman, and R. L. Hays .  1977. 
L a c t o g e n e s i s  i n  e x p l a n t  c u l t u r e  o f  mammary t i s s u e  
from p r e g n a n t  cows .  E n d o c r i n o l o g y  1 0 0 :1 1 9 2 .

7 .  Dowben, R. M., J .  R. B r u n n e r ,  and D. E. P h i l p o t t .  
1967.  S t u d i e s  on m i lk  f a t  g l o b u l e  mem branes .  B io -  
ch im .  B io p h y s .  Acta  1 3 5 :1 .

8 .  E h r e n r e i c h ,  J .  R . , J .  J .  M. B e r g e r o n ,  C. P. 
S i e k e v i t z ,  and G. E. P a l a d e .  1978. G o lg i  f r a c t i o n s  
p r e p a r e d  from r a t  l i v e r  h o m o g e n a te s .  I .  I s o l a t i o n  
p r o c e d u r e  and m o r p h o l o g i c a l  c h a r a c t e r i z a t i o n .  J .  
C e l l  B i o l .  5 9 :4 5 .

9

r



10

9 .  F l i n t ,  D. J .  1982.  I n s u l i n  b i n d i n g  to  r a t  mammary 
g l a n d  a t  v a r i o u s  s t a g e s  o f  c e l l  i s o l a t i o n  and 
p u r i f i c a t i o n .  Mol. C e l l .  E n d o c r i n o l .  2 6 :2 8 1 .

10 .  F l i n t ,  D. J .  and D. W. W es t .  1983.  I n s u l i n  r e c e p ­
t o r s  i n  m i l k .  B r .  V e t .  J .  1 3 9 :3 9 .

11 .  F o r s y t h ,  I .  A. 1983.  The e n d o c r i n o l o g y  o f  l a c t a ­
t i o n .  Pages  309-349  in  B i o c h e m i s t r y  o f  l a c t a t i o n .
T. B. Mepham, e d .  E l s e v i e r  S c i e n c e  P u b l i s h e r s ,  BV, 
New York,  NY.

12.  Ganong,  W. F.  1975.  Page 253 i n  Review o f  m e d i c a l
p h y s i o l o g y .  7 t h  e d .  Lange M ed ic a l  P u b l i c a t i o n s ,  Los 
A l t o s ,  CA.

13.  G u y to n ,  A. C. 1976.  Page 1042 in  Tex tbook  o f  m ed i ­
c a l  p h y s i o l o g y .  W. B. S a u n d e r s  C o . ,  P h i l a d e l p h i a ,
PA.

14.  H o r i n o ,  M., L. J .  M a c h l in ,  F .  H e r t e l e n d y ,  and D. M. 
K i p n i s .  1968.  E f f e c t  o f  s h o r t - c h a i n  f a t t y  a c i d s  on 
p la sm a  i n s u l i n  i n  r u m in a n t  and n o n r u m in a n t  s p e c i e s .  
E n d o c r i n o l o g y  8 3 :1 1 8 .

15 .  Hove, K. 1978.  E f f e c t s  o f  h y p e r i n s u l i n e m i a  on l a c ­
t o s e  s e c r e t i o n  and g l u c o s e  u p t a k e  by  t h e  g o a t  mammary 
g l a n d .  Acta  P h y s i o l .  S c a n d .  1 0 4 :4 2 2 .

16. Hove,  K. 1978.  M a in te n a n c e  o f  l a c t o s e  s e c r e t i o n
d u r i n g  a c u t e  i n s u l i n  d e f i c i e n c y  in  l a c t a t i n g  g o a t s .  
Acta  P h y s i o l .  S c an d .  1 0 3 :1 7 3 .

17. I n a g a k i , Y. and K. Kohmoto. 1981.  A method f o r  t h e
i o d i n a t i o n  o f  i n s u l i n  and i t s  b i n d i n g  to  d i s s o c i a t e d  
mouse mammary c e l l s .  E n d o c r i n o l .  J a p o n .  2 8 :2 9 .

18. I n a g a k i ,  Y. and K. Kohmoto. 1982.  Changes  in
S c a t c h a r d  p l o t s  f o r  i n s u l i n  b i n d i n g  to  mammary e p i ­
t h e l i a l  c e l l s  from c y c l i n g ,  p r e g n a n t ,  and l a c t a t i n g  
m i c e .  E n d o c r i n o l o g y  1 1 0 :1 7 6 .

19.  I p ,  C . ,  H'. M. Tepperm an,  P. H o lo h an ,  and J .  T e p p e r -  
man. 1976. I n s u l i n  b i n d i n g  and i n s u l i n  r e s p o n s e  o f  
a d i p o c y t e s  from r a t s  a d a p t e d  t o  f a t  f e e d i n g .  J .  L ip ­
id  R e s . 1 7 :5 8 8 .

20. J a r r e t t ,  I .  G . ,  0 .  H. F i l s e l l ,  and F. J .  B a l l a r d .  
1974.  M e ta b o l i c  and e n d o c r i n e  i n t e r r e l a t i o n s h i p s  in



11

norm al  and d i a b e t i c  s h e e p .  Horm. M etab .  R es .  S u p p l .  
S e r i e s  4 :1 1 1 .

21 .  J o n e s ,  R. G . , V. I l i c ,  and D. H. W i l l i a m s o n .  1984.
P h y s i o l o g i c a l  s i g n i f i c a n c e  o f  a l t e r e d  i n s u l i n  
m e ta b o l i s m  in  t h e  c o n s c i o u s  r a t  d u r i n g  l a c t a t i o n .  
Biochem. J .  2 2 0 :4 5 5 .

22 .  L i n d s a y ,  D. B. 1978.  G lu c o n e o g e n e s i s  i n  r u m i n a n t s .  
B iochem. Soc .  T r a n s .  6 :1 1 5 2 .

23 .  MacLeod, G. K . , Y. Yu, and L. R. S c h a e f f e r .  1977.
F e e d in g  v a l u e  o f  p r o t e c t e d  a n im a l  t a l l o w  f o r  h ig h
y i e l d i n g  d a i r y  cow s .  J .  D a i r y  S c i .  6 0 :7 2 6 .

24.  M a r t i n ,  R. J .  and R. L. B a ld w in .  1971.  E f f e c t s  o f
i n s u l i n  and a n t i - i n s u l i n  serum t r e a t m e n t s  on l e v e l s
o f  m e t a b o l i t e s  in  r a t  mammary g l a n d s .  E n d o c r i n o l o g y  
88:868 .

25.  M a th e r ,  I .  H. and T. W. Keenan.  1983.  F u n c t i o n  o f
endomembranes  and t h e  c e l l  s u r f a c e  in  t h e  s e c r e t i o n  
o f  o r g a n i c  m i l k  c o n s t i t u e n t s .  Pages  232-283 i n  B io ­
c h e m i s t r y  o f  l a c t a t i o n .  T. B. Mepham, e d .  E l s e v i e r  
S c i e n c e  P u b l i s h e r s ,  BV, New York ,  NY.

26.  Nowak, J .  and L. D z i a l o s z y n s k i . 1967.  E f f e c t  o f
e x p e r i m e n t a l  a l l o x a n  d i a b e t e s  on t h e  s e c r e t i o n  and 
c o m p o s i t i o n  o f  g o a t  m i l k .  Acta  P h y s i o l .  P o l .  1 8 :5 9 5 .

27.  O 'K e e f e ,  E. and P. C u a t r e c a s a s .  1974.  I n s u l i n
r e c e p t o r s  in  m u r in e  mammary c e l l s :  Com par ison  in
p r e g n a n t  and n o n p r e g n a n t  a n i m a l s .  B io ch im .  B io p h y s .  
Acta  3 4 3 :6 4 .

28.  P a l m q u i s t ,  D. L. and E. A. M oser .  1981.  D i e t a r y  f a t
e f f e c t s  on b l o o d  i n s u l i n ,  g l u c o s e  u t i l i z a t i o n ,  and
m i lk  p r o t e i n  c o n t e n t  o f  l a c t a t i n g  cows .  J .  D a i r y  
S c i .  6 4 :1 6 6 4 .

29.  P o s n e r ,  B. I . ,  P. A. K e l l y ,  R. P. C. S h i u ,  and H. G.
F r i e s e n .  1974. S t u d i e s  o f  i n s u l i n ,  g ro w th  hormone 
and p r o l a c t i n  b i n d i n g :  T i s s u e  d i s t r i b u t i o n ,  s p e c i e s
v a r i a t i o n  and c h a r a c t e r i z a t i o n .  E n d o c r in o lo g y  
9 5 :5 2 1 .

30.  Rosen ,  P . ,  B. E h r i c h ,  E. J u n g e r ,  H. J .  B u b e n z e r ,  and
L. Kuhn. 1979. B in d in g  and d e g r a d a t i o n  o f  i n s u l i n  
by p la sm a  membranes from b o v in e  l i v e r  i s o l a t e d  by



12

l a r g e  s c a l e  p r e p a r a t i o n .  B io ch im .  B i o p h y s . Acta  
5 8 7 :5 9 3 .

31.  S t o r r y ,  J .  E . , P. E. Brumby, A. J .  H a l l ,  and V. W. 
J o h n s o n .  1974.  Response  o f  t h e  l a c t a t i n g  cow to  
d i f f e r e n t  m e thods  o f  i n c o r p o r a t i n g  c a s e i n  and c o c o n u t  
o i l  in  t h e  d i e t .  J .  D a i r y  S c i .  5 7 :6 1 .

32 .  S t r o n g , C. R . , I .  F o r s y t h ,  and R. D i l s .  1972.  The
e f f e c t s  o f  hormones  on m i l k - f a t  s y n t h e s i s  i n  mammary 
e x p l a n t s  from p s e u d o p r e g n a n t  r a b b i t s .  Biochem. J .  
1 2 8 :5 0 9 .

33 .  Sun,  J .  V . ,  H. M. Tepperm an ,  and J .  Tepperm an .  1977. 
A c o m p a r i s o n  o f  I n s u l i n  b i n d i n g  by l i v e r  p la sm a  memb­
r a n e s  o f  r a t s  f e d  a h i g h  g l u c o s e  d i e t  o r  a h i g h  f a t  
d i e t .  J .  L i p i d  Res .  1 8 :5 3 3 .

34 .  T e r r y ,  P. M., M. R. B a n e r j e e ,  and R. M. L u i .  1977.
H o r m o n e - i n d u c i b l e  c a s e i n  m e ss e n g e r  RNA in  a se ru m -  
f r e e  o r g a n  c u l t u r e  o f  whole  mammary g l a n d .  P r o c .  
N a t l .  Acad.  S c i .  USA 7 4 :2 4 4 1 .

35.  T h r e a d g o l d ,  L. C. and N. J .  Kuhn. 1984.  Monosaccha­
r i d e  t r a n s p o r t  in  t h e  mammary g l a n d  o f  t h e  i n t a c t
l a c t a t i n g  r a t .  Biochem. J .  2 1 8 :2 1 3 .

36 .  V ernon ,  R. G . ,  E. F i n l e y ,  E. T a y l o r ,  and D. J .  F l i n t .
1985 .  I n s u l i n  b i n d i n g  and a c t i o n  on b o v i n e  a d i p o ­
c y t e s .  E n d o c r i n o l o g y  1 1 6 :1 1 9 5 .

37.  Wiroan, K . ,  B. Curman, L. T r a g a r d h ,  and P. A. P e t e r ­
s o n .  1979.  D e m o n s t r a t i o n  o f  HLA-DR-like a n t i g e n s  on 
m i l k  f a t  g l o b u l e  m em branes .  E u r . J .  Immunol.  9 : 1 9 0 .

38.  Yalow, R. S. and S. A. B e r s o n .  1960.  Immunoassay o f  
endogenous  p lasm a  i n s u l i n  in  man. J .  C l i n .  I n v e s t .  
3 9 :1 1 5 7 .



CHAPTER I I

C h a r a c t e r i z a t i o n  o f  I n s u l i n  B in d in g  t o  Bovine  

L iv e r  and Mammary Microsomes

INTRODUCTION

The r o l e  o f  i n s u l i n  in  m e ta b o l i s m  o f  t h e  mammary g l a n d  

i s  u n c e r t a i n ,  p a r t i c u l a r l y  i n  t h e  r u m in a n t  w here  low b lo o d  

g l u c o s e  (Bergman e t  a l ,  1970) and low i n s u l i n  c o n c e n t r a ­

t i o n s  ( T r e n k l e ,  1972) p r e v a i l .  S t u d i e s  w i t h  l a c t a t i n g  r a t s  

(M a r t in  and B a ld w in ,  1971) and g o a t s  (Hove,  1978) i n d i c a t e  

t h a t  i n s u l i n  i s  n o t  r e q u i r e d  f o r  g l u c o s e  u p t a k e  by  t h e  mam­

m ary  g l a n d .  I n s u l i n  i s  r e q u i r e d ,  h o w e v e r ,  f o r  m a i n t e n a n c e  

o f  l a c t a t i o n ,  even  in  r u m i n a n t s ,  s i n c e  a l l  s e c r e t o r y  a c ­

t i v i t y  in  a l l o x a n - d i a b e t i c  g o a t s  i s  l o s t  i r r e v e r s i b l y  a f t e r  

s e v e r a l  weeks (Nowak and D z i a l o s z y n s k i ,  1 9 6 7 ) .  I n s u l i n  i s  

e s s e n t i a l  to  t h e  f o r m a t i o n  o f  a l p h a - l a c t a l b u m i n , c a s e i n  

( N i c h o l a s  and T o p p e r ,  1 9 8 3 ) ,  and c a s e i n  mRNA (B o ia n d e r  e t  

a l ,  1981; K u l s k i  e t  a l ,  1983) in  r o d e n t  mammary t i s s u e s .  

S i n c e  t h e s e  compounds a r e  m a r k e r s  f o r  t h e  t e r m i n a l  d i f ­

f e r e n t i a t i o n  o f  t h e  mammary g l a n d  ( R u t t e r  e t  a l ,  1973;
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Topper  and F reem an ,  1 9 8 0 ) ,  I n s u l i n  a p p e a r s  n e c e s s a r y  f o r  

o v e r t  m a t u r a t i o n  o f  t h e  mammary e p i t h e l i a l  c e l l .

I n s u l i n  i n t e r a c t s  w i t h  a s p e c i f i c  i n s u l i n  r e c e p t o r  in  

t h e  p la sm a  membrane o f  t h e  c e l l  p r i o r  t o  e l i c i t i n g  i t s  i n ­

t r a c e l l u l a r  a c t i o n s  (Kahn, 1 9 7 5 ) ;  t h u s ,  b o t h  t h e  r e c e p t o r  

and i n s u l i n  c o n c e n t r a t i o n s  c o n t r i b u t e  t o  i n s u l i n  a c t i o n .  

Under c e r t a i n  p h y s i o l o g i c a l  c i r c u m s t a n c e s ,  i n s u l i n  r e c e p ­

t o r s  a r e  r e g u l a t e d  by  c h a n g e s  i n  r e c e p t o r  numbers  a n d / o r  

b i n d i n g  a f f i n i t y  ( O l e f s k y  and C i a r a l d i ,  1 9 8 1 ) ,  b o t h  o f  

which  a l t e r  t h e  e f f e c t i v e  r e c e p t o r  c o n c e n t r a t i o n  o f  t h e  

c e l l .  T h e r e f o r e ,  t h e  s t i m u l a t o r y  e f f e c t  o f  i n s u l i n  i s  a 

f u n c t i o n  o f  t h e  e f f e c t i v e  r e c e p t o r  c o n c e n t r a t i o n  and t h e  

p lasm a  i n s u l i n  c o n c e n t r a t i o n .

R e c e p t o r  r e g u l a t i o n  may be  o f  p a r t i c u l a r  s i g n i f i c a n c e  

i n  r u m i n a n t  mammary f u n c t i o n .  Lower i n s u l i n  c o n c e n t r a t i o n s  

in  p lasm a  o f  r u m i n a n t s  would be i n c o n s e q u e n t i a l  i f  r e c e p t o r  

c o n c e n t r a t i o n  i s  t h e  d e f i n i t i v e  f a c t o r  i n  c e l l u l a r  

r e s p o n s e .  I n s u l i n  r e c e p t o r s  h av e  been  c h a r a c t e r i z e d  in 

s e v e r a l  r u m i n a n t  t i s s u e s  ( G r i z a r d ,  1983;  Peacock  e t  a l ,  

1982; H a s k e l l  e t  a l ,  1 9 8 4 ) ,  i n c l u d i n g  l i v e r  (Rosen e t  a l ,  

1979;  G i l l  and H a r t ,  1 9 8 0 ) ,  and a d i p o s e  t i s s u e  (Vernon e t  

a l ,  1 9 8 5 ) ,  b u t  have  n o t  been  i d e n t i f i e d  in  r u m in a n t  mammary 

g l a n d .  However ,  i n s u l i n  r e c e p t o r s  which a r e  s u b j e c t  to  

r e g u l a t i o n  hav e  b ee n  i d e n t i f i e d  in  m u r in e  mammary c e l l s  

( I n a g a k i  and Kohmoto, 1 9 8 2 ) .  The o b j e c t i v e s  o f  t h i s  s t u d y

r
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wece:  1) to  exam ine  i n s u l i n  b i n d i n g  t o  b o v in e  l i v e r  and

mammary m ic ro s o m e s ;  and 2) t o  d e t e r m i n e  i f  t h e  s p e c i f i c i t y  

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

i n s u l i n  r e c e p t o r s  i n  b o v i n e  mammary t i s s u e .

MATERIALS AND METHODS

M a t e r i a l s . B ov ine  c r y s t a l l i n e  i n s u l i n  ( 2 6 .6  U/mg), 

p r o i n s u l i n ,  and g l u c a g o n  were  g i f t s  o f  E l i  L i l l y  Co. ( c o u r ­

t e s y  o f  W. F i e l d s ) .  C a r r i e r - f r e e  Na125l  i n  0.1M NaOH (h ig h  

c o n c e n t r a t i o n )  was p u r c h a s e d  from New England N u c l e a r .  

Bovine serum a lbum in  (BSA; f r a c t i o n  V) and g u i n e a  p ig  a n t i -  

b o v in e  i n s u l i n  serum (GPAIS) were o b t a i n e d  from M i le s  

B io c h e m i c a l .  P h o s p h o l i p a s e  A2 (PL-A2 ) from bee  venom (800 

U/mg), p h o s p h o l i p a s e  C (PL-C) ( t y p e  1) from C l o s t r i d i u m  

p e r f r i n g e n s  (20 U/mg),  and b a c i t r a c i n  (5 0 ,0 0 0  U/g) came 

from Sigma Chemical  Co.

A n im a l s . L iv e r  was o b t a i n e d  from t h r e e  n o n l a c t a t i n g  

H o l s t e i n  cows (Bos t a u r u s ) , 5 y r  o f  a g e ,  and from t h r e e  

l a c t a t i n g  cows (Bos t a u r u s )  (2 H o l s t e i n  and 1 J e r s e y ) , 3 y r  

o f  a g e .  Mammary t i s s u e  was o b t a i n e d  from s i x  l a c t a t i n g  

H o l s t e i n  cows,  3 -  9 y r  o f  a g e .  A l l  a n i m a l s  were k i l l e d  by 

a c a p t i v e - b o l t  humane k i l l e r  and t h e  t i s s u e s  removed as

F
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soon  as  p o s s i b l e  ( a v e r a g e  o f  30 min p o s t m o r t e m ) . Upon 

r e m o v a l ,  t i s s u e s  were  packed and h e l d  In  I c e  u n t i l  

p r o c e s s i n g .

p r e p a r a t i o n  o f  S u b c e l l u l a r  F r a c t i o n s . L i v e r  and mam­

mary m ic rosom es  were  p r e p a r e d  a c c o r d i n g  to  a m o d i f i c a t i o n  

o f  P o c iu s  e t  a l  (1984)  . A l l  s t e p s  were  p e r fo r m e d  a t  4°C. 

T i s s u e s  were minced f i n e l y  in  a  b u f f e r  o f  25 mM T r i s  

(h y d ro x y m e th y l )  am inom ethane-HCl  ( T r i s - H C l ) , 1 mM 

( e t h y l e n e d i n i t r i l o ) - t e t r a a c e t i c  a c i d  (EDTA), 1 mM 

g l u t a t h i o n e  ( r e d u c e d ) ,  and 250 mM s u c r o s e ,  pH 7 . 5  a t  4°C. 

Minced t i s s u e s  were homogenized  (1 g t i s s u e  t o  4 ml b u f f e r )  

u s i n g  a Brinkman p o l y t r o n ,  s e t t i n g  7 ,  w i t h  a PT-20ST g e n e r ­

a t o r ,  two h o m o g e n i z a t i o n s  p e r  m i n c e ,  a p p r o x i m a t e l y  20 s e c  

e a c h .  S in c e  b o v in e  mammary t i s s u e  c o n t a i n s  s u b s t a n t i a l  

amounts  o f  c o n n e c t i v e  t i s s u e ,  some mammary m in c es  r e q u i r e d  

a t h i r d  h o m o g e n i z a t i o n  f o r  a d e q u a t e  l i q u i f i c a t i o n  o f  t h e  

t i s s u e .  Homogenates  were f i l t e r e d  s e q u e n t i a l l y  t h r o u g h  

o n e ,  two,  f o u r ,  and e i g h t  l a y e r s  o f  c h e e s e c l o t h  and t h e n  

c e n t r i f u g e d  a t  9150 x g f o r  15 m in .  The r e s u l t a n t  p e l l e t  

( m i t o c h o n d r i a ,  n u c l e i ,  and ly sosom es)  was d i s c a r d e d  and t h e  

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

The f i l t r a t e  was c e n t r i f u g e d  a g a i n  a t  9150 x g f o r  15 min.  

The r e s u l t a n t  s u p e r n a t a n t  was c e n t r i f u g e d  a t  100 ,000  x g 

f o r  1 h r .  Microsomes ( p e l l e t )  were r e s u s p e n d e d  in  50 mM
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T r i s - H C l ,  10 mM CaCl2 b u f f e r ,  pH 7 . 5 ,  a t  4°C and s t o r e d  a t  

- 2 0 ° C .

Membrane p r o t e i n  was u s u a l l y  d e t e r m i n e d  u s i n g  th e  

S c h a c t e r l e  and P o l l a c k  m o d i f i c a t i o n  (1973) o f  t h e  Lowry 

p r o t e i n  a s s a y  (Lowry e t  a l ,  1 9 5 1 ) .  However ,  i n  some c a s e s ,

t h e  method o f  B r a d f o r d  ( 1 9 7 6 ) ,  was u s e d .  BSA was a  s t a n -
125d a r d  f o r  b o th  p r o c e d u r e s .  S p e c i f i c  i - i n s u l i n  b i n d i n g  

was d i r e c t l y  p r o p o r t i o n a l  t o  m ic ro s o m a l  p r o t e i n  c o n c e n t r a ­

t i o n  ( d a t a  n o t  s h o w n ) . The p r o t e i n  c o n c e n t r a t i o n  in  a l l  

b i n d i n g  s t u d i e s  was 500 yg Lowry p r o t e i n / m l  u n l e s s  o t h e r ­

w is e  s p e c i f i e d .

Microsomes were a s s a y e d  f o r  i n s u l i n  b i n d i n g  w i t h i n  5 

mon o f  s t o r a g e . '

I o d i n a t i o n  o f  I n s u l i n . I n s u l i n  was i o d i n a t e d  to  a 

s p e c i f i c  a c t i v i t y  o f  80 -  150 y C i /y g  u s in g  c h l o r a m i n e  T 

( F r e y c h e t  e t  a l ,  1 9 7 1 ) .  Ten yg (1 mg/ml) o f  b o v i n e  c r y s ­

t a l l i n e  i n s u l i n  were r e a c t e d  w i t h  2mCi Na125i  (350-600 

mCi/ml) and 10 yg c h l o r a m i n e  T (1 mg/ml) f o r  15 -  20 s e c .  

The r e a c t i o n  was t e r m i n a t e d  by d i l u t i n g  t h e  m i x t u r e  w i th  

400 y l  o f  0 .3  M sodium p h o s p h a t e  b u f f e r  c o n t a i n i n g  2.5%

BSA, pH 7 . 4 .  The d i l u t e d  m i x t u r e  was t r a n s f e r r e d  im­

m e d i a t e l y  t o  a 0 .6 4  x 6 .4 0  cm c e l l u l o s e  column (Whatman

C e l l u l o s e  Powder ,  CF11) and e l u t e d  w i t h  p h o s p h a te  b u f f e r
125w i t h o u t  and w i t h  12% BSA added  t o  s e p a r a t e  f r e e  I from
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p r o t e i n - b o u n d  125 i .  A l l  125I e l u t i n g  w i t h  t h e  12% BSA

b u f f e r  was c o n s i d e r e d  t o  be p r o t e i n  bound and i s  r e f e r r e d
125t o  a s  t h e  c r u d e  I - i n s u l i n  p r e p a r a t i o n .  P r i o r  to  u se  in

a r a d i o r e c e p t o r  a s s a y ,  t h i s  c r u d e  p r e p a r a t i o n  was p u r i f i e d

on a Sephadex G-50 f i n e  column ( 1 . 0  x 2 5 . 0  cm) e l u t e d  w i th

50 mM T r i s - H C l  b u f f e r ,  pH 7 . 5 .  I n t e g r i t y  o f  t h e  p u r i f i e d ,

l a b e l e d  i n s u l i n  was d e t e r m i n e d  by  p r e c i p i t a t i o n  w i t h  10%

t r i c h l o r a c e t i c  a c i d  (TCA) and GPAIS i m m u n o p r e c i p i t a t i o n .
125Only I - i n s u l i n  which  was a t  l e a s t  95% TCA p r e c i p i t a b l e  

and 93% i m m u n o p r e c i p i t a b l e  was employed in  t h e s e  s t u d i e s .

S t a n d a r d  B in d in g  Assay  f o r  L i v e r  M ic ro so m e s . L iv e r

m ic rosom es  (500yg Lowry p r o t e i n )  were  i n c u b a t e d  w i t h  0 . 1
125 *pmole (0 .6 n g )  I - i n s u l i n  in  t h e  a b s e n c e  o r  p r e s e n c e  o f

8 .3  nmole (50yg) u n l a b e l e d  i n s u l i n  i n  50 mM T r i s - H C l ,  0.1% 

BSA, pH 7 .8  a t  4°C. I n c u b a t i o n s  (1 ml f i n a l  volume)  were  

in  p o l y s t y r e n e  t u b e s  (11 x 75 mm) a t  4°C, in  t r i p l i c a t e ,  

w i t h  i n t e r m i t t e n t  h andm ix ing  (ca  e v e r y  8 h r ) .  A f t e r  48 h r ,  

t h e  b i n d i n g  r e a c t i o n  was t e r m i n a t e d  by a d d i t i o n  o f  2 ml 

i c e d  Tr is -BSA  b u f f e r  t o  e a c h  t u b e .  S e p a r a t i o n  o f  bound vs  

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

t i o n  ( 4 ,0 8 0  x g) f o r  30 min a t  4°C. S u p e r n a t a n t  was 

d e c a n t e d ,  t h e  t u b e s  were  d r a i n e d ,  and t h e  i n s i d e  w a l l s  

above  t h e  p e l l e t  b l o t t e d  w i th  a b s o r b e n t  p a p e r .

R a d i o a c t i v i t y  i n  membrane p e l l e t s  was c o u n te d  f o r  10 min in
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a gamma c o u n t e r  (The N u c le a r  C h ic ag o  1185 S e r i e s ,  A u to m a t ic

Gamma C o u n t in g  System) a t  an a v e r a g e  e f f i c i e n c y  o f  75%.
1 2 5S p e c i f i c  I - i n s u l i n  b i n d i n g  was d e t e r m i n e d  a s  t h e  d i f ­

f e r e n c e  b e tw een  r a d i o a c t i v i t y  bound in  t h e  a b s e n c e  ( t o t a l  

b i n d i n g )  and t h e  p r e s e n c e  ( n o n s p e c i f i c  b i n d i n g )  o f  e x c e s s  

(50 yg /ml)  u n l a b e l e d  i n s u l i n .  T h i s  amount was e x p r e s s e d  

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

t o  e a c h  t u b e .  N o n s p e c i f i c  b i n d i n g  by  membranes  a v e r a g e d  

a p p r o x i m a t e l y  0.5% o f  t h e  t o t a l  r a d i o a c t i v i t y  p e r  i n c u b a ­

t i o n  a f t e r  a c c o u n t i n g  f o r  r a d i o a c t i v i t y  bound n o n s p e c l f i -  

c a l l y  t o  t h e  t u b e .

S t a n d a r d  B ind ing  Assay f o r  Mammary M ic ro so m e s . The 

s t a n d a r d  mammary b i n d i n g  a s s a y  was s i m i l a r  t o  t h e  s t a n d a r d  

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

I n c u b a t i o n  b u f f e r  c o n s i s t e d  o f  50 mM T r i s - H C l ,  0.1% BSA, 1 

mM b a c i t r a c i n ,  pH 8 . 0  a t  20°C. I n c u b a t i o n s  were a t  20°C 

f o r  4 . 5  h r  in  p o l y p r o p y l e n e  t u b e s  (12 x 75 mm). R e a c t i o n s  

were t e r m i n a t e d  by c e n t r i f u g a t i o n  a t  19 ,600  x g f o r  30 min .

I n s u l i n  D e g r a d a t i o n . I n s u l i n  i n t e g r i t y  a s  a f u n c t i o n  

o f  i n c u b a t i o n  t im e  was e v a l u a t e d  a t  20°C and 4°C in  b o th  

l i v e r  and mammary m ic ro s o m e s .  A f t e r  t h e  t e r m i n a t i n g  

c e n t r i f u g a t i o n ,  t h e  s u p e r n a t a n t s  (1 ml) were  p r e c i p i t a t e d

r



by  a d d i t i o n  o f  i c e d  10% TCA (1 m l ) . The T C A - in s o lu b le  

f r a c t i o n  was p e l l e t e d  by  c e n t r i f u g a t i o n  a t  1465 x g f o r  10 

min a t  4°C. R a d i o a c t i v i t y  i n  t h e  p e l l e t s  and c o r r e s p o n d i n g  

s u p e r n a t a n t s  was m e asu red  In  t h e  gamma c o u n t e r .  I n t a c t  

r a d i o l a b e l e d  p r o t e i n  was e x p r e s s e d  a s  t h e  p e r c e n t  

T C A - p r e c i p i t a b l e  r a d i o l a b e l e d  m a t e r i a l  p r e s e n t *

Membrane P e r t u r b a t i o n  S t u d i e s . C u a t r e c a s a s  (1971a) 

and C u a t r e c a s a s  e t  a l  (1971)  d e m o n s t r a t e d  i n c r e a s e d  i n s u l i n  

b i n d i n g  t o  a d i p o s e  and l i v e r  p lasm a  m em branes ,  r e s p e c t i v e ­

l y ,  o f  r a t s  by  p r e t r e a t i n g  t h e  membranes w i t h  v a r i o u s  

a g e n t s  known t o  d i s r u p t  membrane p h o s p h o l i p i d  s t r u c t u r e .  

They p r o p o s e d  t h a t  some o f  t h e  r e c e p t o r s  were n o r m a l l y  

b u r i e d  in  t h e  membrane ( c r y p t i c ) , b u t  t h a t  upon membrane 

p e r t u r b a t i o n ,  t h e s e  s i t e s  were  exp o sed  and b i n d i n g  was 

t h e r e b y  e n h a n c e d .

In t h i s  s t u d y ,  t h e  p r e s e n c e  o f  c r y p t i c  i n s u l i n  r e c e p ­

t o r s  in  b o v i n e  mammary m ic rosom es  was t e s t e d  u s in g  PL-A^, 

PL-C, and NaCl a s  membrane p e r t u r b e n t s .  P h o s p h o l i p a s e s  

c a t a l y z e  t h e  h y d r o l y s i s  o f  membrane p h o s p h o l i p i d s ;  PL-A^ 

s p e c i f i c a l l y  h y d r o l y z e s  t h e  s n - 2  e s t e r  l i n k a g e  o f  t h e  p h o s ­

p h o l i p i d ,  w h i l e  PL-C s p l i t s  t h e  e s t e r  bond in  s n - 3 ,  remov­

ing t h e  p h o s p h o r y l  b a s e .  The o v e r a l l  e f f e c t  o f  b o t h  e n ­

zymes i s  t o  ch a n g e  t h e  o r g a n i z a t i o n  o f  membrane c o m p o n en ts .  

L i k e w i s e ,  a d d i t i o n  o f  NaCl in  h i g h  c o n c e n t r a t i o n s  t o  t h e
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i n c u b a t i o n  medium h a s  b een  shown t o  p e r t u r b  membrane 

o r g a n i z a t i o n  ( C u a t r e c a s a s ,  1 9 7 1 a ) •

The p r o t o c o l  used  f o r  t h e  membrane p e r t u r b a t i o n  e x ­

p e r i m e n t  was t h a t  o f  C u a t r e c a s a s  e t  a l  (1971)* R at  l i v e r  

m ic rosom es  were  a l s o  employed f o r  c o m p a r i s o n  a s  w e l l  a s  f o r  

t e c h n i q u e  v e r i f i c a t i o n .  Microsomes were  p r e p a r e d  from 

l i v e r s  o f  m a le  S p rag u e  Dawley r a t s  a s  d e s c r i b e d  a b o v e .  Rat  

l i v e r  m ic ro so m es  and b o v i n e  mammary m ic ro so m e s  (500 yg 

Lowry p r o t e i n / m l )  were  i n c u b a t e d  f o r  40 min a t  37°C in  

Krebs  R in g e r  B i c a r b o n a t e  (KRB) b u f f e r  w i t h  1% BSA in  t h e  

a b s e n c e  (37°  C C o n t r o l )  and p r e s e n c e  o f  PL-C (50 yg/ml)  or  

PL-Aj (20 y g / m l ) . Microsomes were  p e l l e t e d  by  c e n t r i f u g a ­

t i o n  a t  10 0 ,0 0 0  x g f o r  1 h r  a t  4°C and r e s u s p e n d e d  in  KRB, 

I t  BSA a t  room t e m p e r a t u r e .  Microsomes n o t  i n c u b a t e d  

p r e v i o u s l y  a t  37°C a l s o  were  s u sp e n d e d  in  KRB, 1% BSA w i th  

o r  w i t h o u t  (20°  C C o n t r o l )  2 M NaCl a t  room t e m p e r a t u r e .

A l l  m ic ro s o m a l  t r e a t m e n t s  were  a s s a y e d  f o r  t o t a l  i n s u l i n
125b i n d i n g  in  t l \e  p r e s e n c e  o f  0 .6 6  n g /m l  I - i n s u l i n  f o r  40 

min a t  20°C. N o n s p e c i f i c  i n s u l i n  b i n d i n g  was d e t e r m i n e d  in  

p a r a l l e l  i n c u b a t i o n s  c o n t a i n i n g  50 y g /m l  u n l a b e l e d  i n s u l i n .  

A l l  i n c u b a t i o n s  were  p e r fo r m e d  in  q u i n t u p l i c a t e  and t e r ­

m i n a t e d  a s  i n  t h e  s t a n d a r d  b i n d i n g  a s s a y  f o r  b o v i n e  mammary 

m i c r o s o m e s .
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A n a l y s i s  o f  R e c e p to r  C o n c e n t r a t i o n  and B in d in g  

A f f i n i t y . The b i n d i n g  p a r a m e t e r s  ( b i n d i n g  a f f i n i t i e s  and 

r e c e p t o r  numbers)  f o r  i n s u l i n  i n  b o v i n e  l i v e r  and mammary 

m ic ro so m es  were  d e t e r m i n e d  by  S c a t c h a r d  a n a l y s i s  (1949) .

The S c a t c h a r d  e q u a t i o n  was f i t t e d  u s in g  t h e  NONLIN program  

o f  M e t z l e r  e t  a l  (1974) f o r  two c l a s s e s  o f  b i n d i n g  s i t e s .

RESULTS AND DISCUSSION

1 5 5
S p e c i f i c  i - i n s u l i n  b i n d i n g  t o  b o t h  l i v e r  and mam­

mary m ic rosom es  was t im e  and t e m p e r a t u r e  d e p e n d e n t  ( F i g u r e s  

1 and 2 ,  r e s p e c t i v e l y ) . E q u i l i b r i u m  b i n d i n g  t o  l i v e r  m ic ­

rosomes  was e s t a b l i s h e d  by 48 h r  a t  4°C and r em a in ed  s t a b l e  

f o r  72 h r  ( F i g u r e  1 ) .  E q u i l i b r i u m  b i n d i n g  a t  20°C was a t ­

t a i n e d  by  3 h r  and was m a i n t a i n e d  u n t i l  16 h r ;  t h e r e a f t e r ,  

b i n d i n g  d e c r e a s e d  s t e a d i l y  t o  a minimum a t  72 h r .

F r e y c h e t  e t  a l  (1972) found t h a t  125l - i n s u l i n  d e g r a d a ­

t i o n  by  r a t  l i v e r  p lasm a membranes  was s i g n i f i c a n t l y  

g r e a t e r  when i n c u b a t e d  a t  30°C t h a n  a t  1°C. T h e r e f o r e ,  t h e  

d e c r e a s e  i n  i n s u l i n  b i n d i n g  p o s t - 1 6  h r  a t  20°  C may be t h e  

r e s u l t  o f  i n c r e a s e d  i n s u l i n  d e g r a d a t i o n  a t  t h e  h i g h e r  i n ­

c u b a t i o n  t e m p e r a t u r e .  T h i s  i s  s u p p o r t e d  by t h e  o b s e r v a t i o n  

t h a t  d e c r e a s e d  TCA p r e c i p i t a b i l i t y  o f  t h e  s u p e r n a t a n t
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F i g u r e  1 .  Time c o u r s e  o f  s p e c i f i c  125I - i n s u l i n  
b i n d i n g  t o  b o v i n e  l i v e r  m ic ro s o m e s .  Each p o i n t  
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  
f o r  s i x  a n i m a l s .  B a r s  r e p r e s e n t  t h e  SEM.
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F i g u r e  2 .  Time c o u r s e  o f  s p e c i f i c  * 25I - i n s u l i n  
b i n d i n g  t o  b o v i n e  mammary m i c ro s o m e s .  A l l  i n c u ­
b a t i o n s  c o n t a i n e d  500 yg B r a d f o r d  membrane p r o ­
t e i n  p e r  m l .  Each p o i n t  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  f o r  s i x  a n i m a l s .  B a r s  
r e p r e s e n t  t h e  SEM.
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c l o s e l y  p a r a l l e l l e d  d e c r e a s e d  b i n d i n g  a t  20°C ( F i g u r e  3 ,  

p a n e l  B) .

I n c r e a s e d  i n s u l i n  r e c e p t o r  d e g r a d a t i o n  a l s o  may co n ­

t r i b u t e  t o  d e c r e a s e d  i n s u l i n  b i n d i n g  p o s t - 1 6  h r .  Kahn e t  

a l  (1974)  d e m o n s t r a t e d  i n c r e a s e d  i n s u l i n  r e c e p t o r  d e g r a d a ­

t i o n  a t  h i g h e r  i n c u b a t i o n  t e m p e r a t u r e s .  T h i s  would e x p l a i n  

d e c r e a s e d  i n s u l i n  b i n d i n g  o b s e rv e d  b e tw een  16 and 24 h r  o f  

I n c u b a t i o n  (17%) d e s p i t e  t h e  m a i n t e n a n c e  o f  hormone i n ­

t e g r i t y  b e tw een  t h e s e  two t i m e s  (93% TCA p r e c i p i t a b i l i t y  a t  

16 h r  v s  92% TCA p r e c i p i t a b i l i t y  a t  24 h r ) .

i n  c o n t r a s t  t o  l i v e r  m ic rosom es  ( F i g u r e  1 ) ,  b i n d i n g  to  

mammary m ic ro so m es  i n c r e a s e d  s t e a d i l y  o v e r  t im e  a t  b o t h  4°

C and 20°  C ( F i g u r e  2 ) .  For  mammary m ic ro so m es  o f  F i g u r e  

2 ,  no i n s u l i n - d e g r a d a t i o n  was d e t e c t e d . a t  e i t h e r  t e m p e r a ­

t u r e  o v e r  t h e  t im e  c o u r s e  o f  t h e  s t u d y  ( F i g u r e  3 ,  p a n e l  A).

Less  i n s u l i n  bound t o  b o t h  l i v e r  and mammary p r e p a r a ­

t i o n s  a t  t h e  h i g h e r  t e m p e r a t u r e .  The s p e c i f i c  b i n d i n g  o f  
125 I - i n s u l i n  to  l i v e r  m ic ro s o m a l  membranes  (500 pg Lowry 

p r o t e i n / m l )  a t  e q u i l i b r i u m  was a p p r o x i m a t e l y  6.0% a t  4°C, 

b u t  o n l y  3.7% a t  20°C. S p e c i f i c  b i n d i n g  o f  125I - i n s u l i n  to  

mammary m ic ro s o m a l  membranes (500 pg B r a d f o r d  p r o t e i n / m l )  

a t  24 h r  o f  i n c u b a t i o n  was a p p r o x i m a t e l y  3.0% a t  4°C and 

1.5% a t  20°C.  S i m i l a r  t e m p e r a t u r e  e f f e c t s  on i n s u l i n  b i n d ­

ing  hav e  b e e n  d e m o n s t r a t e d  i n  e r y t h r o c y t e s  (M cElduff  and 

E as tm an ,  1981) and ly m p h o cy te s  (Gavin e t  a l ,  1 9 7 3 ) .
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4C20 C

8 0 -

4C

20 C

TIME (hr)

F i g u r e  3 .  Time d e p e n d e n c e  o f  ^ 2 ^ I - i n s u l i n  d e g r a d a ­
t i o n  by b o v i n e  l i v e r  {Pane l  B) an d  mammary ( P a n e l  
A) m ic ro s o m es .  D a ta  a r e  t h e  mean o f  s i x  a n i m a l s ,  
e x c e p t  f o r  0 . 5 ,  1 . 5 ,  and  3 .0  h r  d a t a  p o i n t s  a t  
20°C f o r  b o v i n e  mammary m ic rosom es  (mean o f  f o u r  
a n i m a l s ) . P o i n t s  on  t h e  Y a x i s  r e p r e s e n t  TCA 
p r e c i p i t a b i l i t y  (PPT) o f  125I - i n s u l i n  p r i o r  t o  
i n c u b a t i o n  w i t h  m ic ro s o m e s .  The a v e r a g e  5E f o r  
t h e  c u r v e s  a r e  a s  f o l l o w s :  l i v e r ,  4°C = 0 . 2 ;
l i v e r ,  20°C = 2 . 1 ;  mammary, 4°C = 0 . 1 ;  and  mammary, 
20°C = 0 . 2 .

r



27

A l th o u g h  d e c c e a s e d  i n s u l i n  b i n d i n g  a t  h i g h e t  t e m p e r a t u r e s  

can  b e  a t t r i b u t e d  p a r t l y  t o  i n c r e a s e d  i n s u l i n  a n d / o r  

r e c e p t o r  d e g r a d a t i o n , a  d e c r e a s e  in  r e c e p t o r  b i n d i n g  a f ­

f i n i t y  may a l s o  p l a y  an i m p o r t a n t  r o l e  (Kahn e t  a l ,  1 9 7 4 ) .  

O l e f s k y  and C i a r a l d i  (1981) s u g g e s t e d  t h a t  i n  most  r e c e p t o r  

s y s t e m s ,  d i s s o c i a t i o n  r a t e  i s  a c c e l e r a t e d  a s  a f u n c t i o n  o f  

t e m p e r a t u r e  t o  a g r e a t e r  d e g r e e  t h a n  a s s o c i a t i o n  r a t e ,  

l e a d i n g  to  an  o v e r a l l  d e c r e a s e  i n  r e c e p t o r  a f f i n i t y  a t  

h i g h e r  t e m p e r a t u r e s .

S t a t i s t i c a l l y ,  i n s u l i n  b i n d i n g  to  b o v i n e  mammary m ic ­

rosomes  r e a c h e d  e q u i l i b r i u m  by 3 h r  o f  i n c u b a t i o n  a t  4°C 

and 0 . 5  h r  o f  i n c u b a t i o n  a t  20°C ( F i g u r e  2 ) .  A co m p a r i so n  

o f  i n s u l i n  b i n d i n g  i n  b o v i n e  l i v e r  and mammary m ic rosom es  

u n d e r  s i m i l a r  i n c u b a t i o n  c o n d i t i o n s  (4 °  C, 48 hr )  showed

more  v a r i a b i l i t y  among a n i m a l s  f o r  b i n d i n g  t o  mammary m ic -
125rosomes  th a n  f o r  l i v e r  m i c ro s o m e s .  S p e c i f i c  i - i n s u l i n  

b i n d i n g  t o  l i v e r  r a n g e d  from 5.61% -  9.96% w i t h  an a v e r a g e  

b i n d i n g  o f  7.47% + 0.68% (n»6 a n i m a l s ) . S p e c i f i c  b i n d i n g  

t o  mammary m ic ro so m es  r a n g e d  from 0.11% -  2.44% w i th  an 

a v e r a g e  b i n d i n g  o f  0.92% ±  0.34% (n«6 a n i m a l s ) .  The h i g h e r  

v a r i a t i o n  among a n i m a l s  o f  mammary m ic ro s o m a l  i n s u l i n  b i n d ­

i n g ,  a s  s e e n  in  F i g u r e  2 ,  may i n d i c a t e  a l a c k  o f  e q u i ­

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

mammary m ic rosom es  o f  i n d i v i d u a l  cows showed abnorm al  

p a t t e r n s  f o r  s e v e r a l  a n i m a l s .  F i g u r e  4 i s  r e p r e s e n t a t i v e
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TIME (hr)
F i g u r e  4 .  Time c o u r s e  o f  s p e c i f i c  * 25I - i n s u l i n  
b i n d i n g  t o  Cow 2699 mammary m ic ro s o m e s .  Each p o i n t  
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 .  
B a rs  r e p r e s e n t  t h e  s t a n d a r d  d e v i a t i o n .
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o f  t h e  d e v i a n t  b i n d i n g  b e h a v i o r  e x h i b i t e d  in  t h e s e  t i s s u e  

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

s t a t e  e a r l y  i n  t h e  I n c u b a t i o n  ( i n  t h i s  c a s e ,  3 h r ) ;  

h o w e v e r ,  c o n t i n u e d  s a m p l in g  showed a f u r t h e r  i n c r e a s e  in  

b i n d i n g  a t  l a t e r  t i m e s .  T h i s  b i p h a s i c  b i n d i n g  p a t t e r n  sug ­

g e s t e d  a  d u a l  p o p u l a t i o n  o f  i n s u l i n  r e c e p t o r s  i n  mammary 

m ic ro s o m e s ;  one  p o p u l a t i o n  o f  r e c e p t o r s  i n i t i a l l y  exposed  

t o  t h e  i n c u b a t i o n  medium and a n o t h e r  p o p u l a t i o n  o f  r e c e p ­

t o r s  ex p o sed  to  t h e  i n c u b a t i o n  medium a t  a l a t e r  t i m e .

One c r i t e r i o n  o f  a  hormone r e c e p t o r  i s  t h a t  t h e  r e c e p ­

t o r  must  b i n d  t h e  hormone b o t h  r a p i d l y  and r e v e r s i b l y  

(Kahn, 1 9 7 5 )•  Mammary m ic ro s o m a l  p r e p a r a t i o n s  i n  t h i s  

s t u d y  a p p a r e n t l y  f a i l e d  t o  a t t a i n  e q u i l i b r i u m  a t  e i t h e r  

t e m p e r a t u r e  d u r i n g  t h e  t im e  c o u r s e  t e s t e d .  T h e r e f o r e ,  i t  

i s  q u e s t i o n a b l e  w h e th e r  t h e  o b s e r v e d  b i n d i n g  to  b o v i n e  mam­

mary m ic ro so m es  m e e t s  t h e  f u l l  c r i t e r i a  f o r  a r e c e p t o r .

The p r e s e n c e  o f  c r y p t i c  r e c e p t o r s  in  b o v i n e  membranes  

c o u l d ,  ho w ev er ,  e x p l a i n  t h e  u n u s u a l  b i n d i n g  b e h a v i o r  o b s e r ­

ved in  mammary m ic ro s o m a l  p r e p a r a t i o n s  i n  t h i s  s t u d y .  

Membrane a l t e r a t i o n  d u r i n g  t h e  c o u r s e  o f  i n c u b a t i o n  c o u ld  

e x p o s e  embedded r e c e p t o r s .  The newly  e x p o sed  r e c e p t o r s  

would r e q u i r e  t h e  same f i n i t e  t im e  to  a c h i e v e  e q u i l i b r i u m  

b i n d i n g  a s  t h e  i n i t i a l l y  e x p o sed  r e c e p t o r s ;  h o w e v e r ,  t h e y  

would a t t a i n  e q u i l i b r i u m  b i n d i n g  a t  a much l a t e r  t im e  

d u r i n g  t h e  b i n d i n g  a s s a y  t h a n  t h e  i n i t i a l l y  e xposed



30

p o p u l a t i o n .  I f  e x p o s u r e  o f  c r y p t i c  r e c e p t o r s  o c c u r r e d  

s i m u l t a n e o u s l y ,  t h e  b i n d i n g  c u r v e  s h o u ld  b e  c h a r a c t e r i z e d  

by  two b i n d i n g  p l a t e a u s .  The b i n d i n g  o v e r  t im e  shown in  

F i g u r e  4 f o r  mammary m ic ro so m es  s u g g e s t s  t h e  p r e s e n c e  o f  

c r y p t i c  r e c e p t o r s  which  a r e  e xposed  more o r  l e s s  s i m u l ­

t a n e o u s l y  a t  a l a t e r  t im e  i n  t h e  i n c u b a t i o n .

The p o s s i b i l i t y  o f  c r y p t i c  i n s u l i n  r e c e p t o r s  in  b o v in e  

mammary m ic rosom es  was e x p l o r e d  f u r t h e r  w i t h  membrane p e r ­

t u r b a t i o n  s t u d i e s .  The r e s u l t s  a r e  i n  F i g u r e  5 .  I n c l u s i o n  

o f  2M NaCl i n  t h e  r a d i o r e c e p t o r  a s s a y  b u f f e r  d o u b le d  i n ­

s u l i n  b i n d i n g  t o  r a t  l i v e r  m ic rosom es  (102% i n c r e a s e ) , b u t  

had r e l a t i v e l y  l i t t l e  e f f e c t  on i n s u l i n  b i n d i n g  t o  cow mam­

mary m ic ro so m es  (10% i n c r e a s e ) . Both e n z y m a t i c  t r e a t m e n t s  

o f  t h e  membranes r e s u l t e d  i n  i n c r e a s e d  i n s u l i n  b i n d i n g  to  

b o t h  r a t  l i v e r  and cow mammary m ic ro s o m e s .  P h o s p h o l i p a s e  

was more e f f e c t i v e  th a n  was PL-C. I n s u l i n  b i n d i n g  i n ­

c r e a s e d  106% a f t e r  PL-C d i g e s t i o n  and 208% a f t e r  PL-Aj 

d i g e s t i o n  in  r a t  l i v e r  m ic rosom es  compared to  i n c r e a s e s  o f  

43% and 123%, r e s p e c t i v e l y ,  in  b o v i n e  mammary m ic ro s o m e s .

In  g e n e r a l ,  a l l  t r e a t m e n t s  were  more e f f e c t i v e  in  e x p o s in g  

b i n d i n g  s i t e s  i n  r a t  l i v e r .  F i n a l l y ,  t h e  37°C c o n t r o l  t i s ­

s u e s  bound l e s s  i n s u l i n  t h a n  t h e  c o r r e s p o n d i n g  20°C c o n t r o l  

m ic rosom es  i n d i c a t i n g  r e c e p t o r  d e g r a d a t i o n  a t  t h e  h i g h e r  

t e m p e r a t u r e .
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CONTROL 2M NtCt
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cow RAT

NaCl

cow RAT

PHOSPHOUPASE
F i g u r e  5. The e f f e c t  o f  membrane p e r t u r b a t i o n  on 
i n s u l i n  b i n d i n g  t o  r a t  l i v e r  an d  cow mammary m i c r o ­
so m es .  A l l  t r e a t m e n t s  a r e  e x p r e s s e d  a s  % s p e c i f i c  
b i n d i n g  p e r  mg Lowry p r o t e i n .  NaCl C o n t r o l  ■ 20°C, 
P h o s p h o l i p a s e  C o n t r o l  ■ 37°C.



The c e s u l t s  s u g g e s t  t h e  p r e s e n c e  o f  c r y p t i c  r e c e p t o r s  

i n  r a t  l i v e r  and b o v i n e  mammary m ic ro s o m e s .  A l s o ,  t h e  d i f ­

f e r e n t  b i n d i n g  r e s p o n s e s  s e e n  in  t h e s e  two t i s s u e s  a s  a 

r e s u l t  o f  e n z y m a t i c  and s a l t  t r e a t m e n t  show s p e c i e s  d i f f  

f e r e n c e s  i n  membrane o r g a n i z a t i o n  a n d / o r  r e c e p t o r  e x p o s u r e .

S i n c e  c r y p t i c  i n s u l i n  b i n d i n g  s i t e s  a p p e a r  t o  be 

p r e s e n t  in  b o v i n e  mammary m ic ro s o m e s ,  i t  i s  p o s s i b l e  th^it 

s p o n t a n e o u s  membrane r e s t r u c t u r i n g  and c r y p t i c  s i t e  ex ­

p o s u r e  c o u l d  o c c u r  upon p r o lo n g e d  ^n  v i t r o  i n c u b a t i o n .  I f  

s o ,  t h e  b o v i n e  mammary i n s u l i n  r e c e p t o r  would s t i l l  a t t a i n  

e q u i l i b r i u m  b i n d i n g ;  h o w e v e r ,  t h e  e q u i l i b r i u m  a s  m easured  

i n  t h i s  a s s a y  would be  o b s c u r e d  b y  membrane c h a n g e s  d u r i n g  

i n c u b a t i o n ,  l e a d i n g  to  c o n t i n u e d  e x p o s u r e  o f  new r e c e p t o r s  

n o t  y e t  a t  e q u i l i b r i u m .  To c i r c u m v e n t  t h i s  d i f f i c u l t y ,  t h e  

t im e  c o u r s e  o f  i n s u l i n  b i n d i n g  to  b o v i n e  mammary m ic rosom es  

was examined  p o s t - P L - C  d i g e s t i o n  o f  t h e  mem branes .  In  f h i s  

way, c r y p t i c  r e c e p t o r s  would p l a y  a  m in im a l  r o l e ,  most  

h a v in g  b ee n  e x p o sed  a t  t h e  s t a r t  o f  t h e  e x p e r i m e n t .

S t e a d y  s t a t e  b i n d i n g  in  PL-C d i g e s t e d  membranes was 

e s t a b l i s h e d  by 3 h r  o f  i n c u b a t i o n  a t  20°C and m a i n t a i n e d  up

to  12 h r  o f  i n c u b a t i o n  ( F i g u r e  6 ) .  At 4°C, e q u i l i b r i u m  

e s t a b l i s h e d  s t a t i s t i c a l l y  by 3 h r  o f  i n c u b a t i o n .  As

was

b e f o r e ,  t h e  l a r g e  s t a n d a r d  e r r o r s  in  t h e  4°C s t u d y  r e f l e c t  

d i f f e r e n c e s  i n  b i n d i n g  among a n i m a l s .  I n d i v i d u a l  b i n d i n g  

p r o f i l e s  showed t h a t  one o f  t h e  a n i m a l s  examined a t  4°C
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F i g u r e  6 .  Time c o u r s e  o f  s p e c i f i c  125I - i n s u l i n  
b i n d i n g  t o  b o v i n e  mammary m icrosom es  p o s t - P L - C  
d i g e s t i o n .  Each p o i n t  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  f o r  t h r e e  a n i m a l s .  B a rs  
r e p r e s e n t  SEM.

r
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c o n t i n u e d  t o  e x h i b i t  a d o u b l e  p l a t e a u , i n  t h i s  c a s e  PL-C 

d i g e s t i o n  f a i l e d  t o  e x p o s e  a l l  c r y p t i c  r e c e p t o r s .  The 

b i n d i n g  p r o f i l e s  (4°C) from o t h e r  a n i m a l s  i n  t h i s  s t u d y  

showed t h a t  s t e a d y  s t a t e  b i n d i n g  was a t t a i n e d  by 12 h r  a t  

4°C. The b i n d i n g  s t a b i l i t y  b e tw e e n  3 and 12 h r  a t  20°C in  

a l l  t i s s u e  p r e p a r a t i o n s  s u g g e s t e d  t h a t  e q u i l i b r i u m  had b e e n  

a t t a i n e d  w i t h i n  t h o s e  t i m e s .  T h e r e f o r e , an  a s s a y  t im e  o f  

4 . 5  h r  a t  20°C was a d o p te d  f o r  t h e  r e m a in d e r  o f  t h e  mammary 

s t u d i e s  s i n c e  e q u i l i b r i u m  would be  f i r m l y  e s t a b l i s h e d  by  

t h i s  t i m e ,  y e t  t h e  c h a n c e  o f  c r y p t i c  r e c e p t o r s  b e i n g  ex­

posed  would be  n e g l i g i b l e .

F i g u r e  7 shows t h e  e f f e c t  o f  b u f f e r  pH on s p e c i f i c
125 I - i n s u l i n  b i n d i n g .  Both  b o v i n e  l i v e r  and mammary m i c r o ­

somes e x h i b i t e d  s h a r p  pH o p t im a  o f  7 .8  and 8 . 0 ,  r e s p e c t i v e ­

l y .  A pH optimum o f  7 . 5  -  8 . 0  h a s  been  r e p o r t e d  f o r  t h e  

i n s u l i n  r e c e p t o r  from a v a r i e t y  o f  s p e c i e s  and t i s s u e s  i n ­

c l u d i n g  human ly m p h o c y te s  (Gavin e t  a l ,  1973; Olefs 'ky  and 

Reaven,  1 9 7 4 ) ,  t u r k e y  e r y t h r o c y t e s  (G in sb e rg  e t  a l ,  1977) , 

r a t  mammary c e l l s  ( F l i n t ,  1982) , r a t  a d i p o c y t e s  

( C u a t r e c a s a s ,  1 9 7 1 b ) , and b o v i n e  l i v e r  p la sm a  membranes 

(Rosen e t  a l , 1 9 7 9 ) .

Hormone b i n d i n g  was s p e c i f i c  f o r  i n s u l i n  in  b o t h  l i v e r  

and mammary m ic ro s o m e s .  I n s u l i n  was a p p r o x i m a t e l y  1 2 - f o l d  

more  p o t e n t  t h a n  p r o i n s u l i n  in  d i s p l a c i n g  ^ ^ i - i n s u l i n  from 

b o v i n e  l i v e r  m ic rosom es  ( F i g u r e  8 ) ,  w h i l e  g l u c a g o n  (200

r
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125F i g u r e  7 .  S p e c i f i c  I - i n s u l i n  b i n d i n g  t o  
b o v i n e  l i v e r  and  mammary m ic rosom es  a s  a 
f u n c t i o n  o f  b u f f e r  pH. D a ta  a r e  t h e  mean 
+ SE f o r  s i x  a n i m a l s  ( l i v e r )  ( ■ )  and  t h e  
mean + SE f o r  two a n i m a l s  (mammary) ( # ) .
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LOG HORMONE CONCENTRATION (ng/ml)
F i g u r e  8 .  S p e c i f i c i t y  o f  t h e  b o v i n e  l i v e r  i n s u l i n  
r e c e p t o r .  D a ta  a r e  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  f o r  s i x  a n i m a l s .  P o i n t  on Y - a x i s  
r e p r e s e n t s  l ^ i - i n s u l i n  b i n d i n g  a t  hormone c o n ­
c e n t r a t i o n  o f  0 . 0  n g / m l .  The a v e r a g e  SE f o r  t h e  
h o rm ona l  t r e a t m e n t s  a r e  a s  f o l l o w s :  i n s u l i n  =
2 . 5 .  p r o i n s u l i n  ** 1 . 8 .  and  g l u c a g o n  » 2 . 2 .

r
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ng /m l)  was i n e f f e c t i v e  in  d i s p l a c i n g  i n s u l i n .  Bov ine  

mammary m ic ro so m e s  ( F i g u r e  9) d e m o n s t r a t e d  s i m i l a r  b i n d i n g  

s p e c i f i c i t y  w i t h  t h e  e x c e p t i o n  t h a t  i n s u l i n  was 3 4 - f o l d  

m ore  e f f e c t i v e  t h a n  p r o i n s u l i n  i n  c o m p e t in g  f o r  t h e  i n s u l i n  

r e c e p t o r .

S c a t c h a r d  a n a l y s e s  o f  t h e  c o m p e t i t i v e  b i n d i n g  d a t a  f o r  

b o t h  b o v i n e  t i s s u e s  y i e l d e d  c u r v i l i n e a r  p l o t s  ( F i g u r e s  10 

and 11) . Such c u r v i l i n e a r i t y  i s  t y p i c a l  o f  i n s u l i n  b i n d i n g  

d a t a  and i s  i n t e r p r e t e d  f r e q u e n t l y  a s  e v i d e n c e  f o r  two i n ­

s u l i n  b i n d i n g  s i t e s ;  a h i g h  a f f i n i t y - l o w  c a p a c i t y  s i t e  and 

a low a f f i n i t y - h i g h  c a p a c i t y  s i t e  ( O l e f s k y  and C i a r a l d i ,  

1 9 8 1 ) .  However,  DeMeyts e t  a l  (1976) have  s u g g e s t e d  t h a t  

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

among s i t e s .

S i n c e  t h e  e x p l a n a t i o n  o f  c u r v i l i n e a r i t y  r e m a in s  

d e b a t a b l e ,  t h e  two r e c e p t o r  s i t e  model (T ab le  1) was c h o s e n  

f o r  a n a l y s i s  and d e s c r i p t i o n  o f  t h e  p l o t s .  The d i s s o c i a ­

t i o n  c o n s t a n t s  f o r  b o t h  r e c e p t o r  p o p u l a t i o n s  i n  b o v i n e  mam­

m ary  m ic ro so m es  and f o r  t h e  h i g h  a f f i n i t y  r e c e p t o r  p o p u l a ­

t i o n  in  b o v i n e  l i v e r  m ic ro so m es  a r e  s i m i l a r  t o  t h o s e  

r e p o r t e d  p r e v i o u s l y  f o r  a v a r i e t y  o f  t i s s u e s  and s p e c i e s  

(Kahn e t  a l ,  1974;  O l e f s k y  and Reaven ,  1974;  E t h e r t o n  and 

W a lk e r ,  1982; I n a g a k i  and Kohmoto, 1982; H a s k e l l  e t  a l ,  

1 9 8 4 ) .  On t h e  o t h e r  h a n d ,  t h e  Kd v a l u e  o b t a i n e d  f o r  t h e  

low a f f i n i t y - h i g h  c a p a c i t y  b i n d i n g  s i t e  o f  b o v i n e  l i v e r  (Kd

r
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LOG HORMONE CONCENTRATION (n3/ml)
F i g u r e  9 .  S p e c i f i c i t y  o f  t h e  b o v in e  mammary 
i n s u l i n  r e c e p t o r .  D ata  a r e  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  f o r  two a n i m a l s .  P o i n t  on t h e  
Y - a x i s  r e p r e s e n t s  125I - i n s u l i n  b i n d i n g  a t  a  hormone 
c o n c e n t r a t i o n  o f  0 .0  n g / m l .  The a v e r a g e  SE f o r  
t h e  horm ona l  t r e a t m e n t s  a r e  a s  f o l l o w s :  i n s u l i n
** 1 . 5 ,  p r o i n s u l i n  » 1 . 2 ,  and  g lu c a g o n  = 1 . 4 .
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F i g u r e  10 .  S c a t c h a r d  p l o t  o£ t h e  c o m p e t i t i v e  
b i n d i n g  d a t a  o f  b o v in e  l i v e r  m ic rosom es  p r e s e n t e d  
i n  F i g u r e  8.  Each p o i n t  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  f o r  s i x  a n i m a l s .
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F i g u r e  11 .  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 v e  
b i n d i n g  d a t a  o f  b o v i n e  mammary m ic rosom es  p r e ­
s e n t e d  i n  F i g u r e  9 .  Each p o i n t  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  f o r  two a n i m a l s .

IT



41

T a b le  1. B in d in g  c a p a c i t i e s  and a p p a r e n t  d i s s o c i a t i o n  
c o n s t a n t s  f o r  b o v i n e  i n s u l i n  o f  m ic ro s o m a l  
membranes  from b o v i n e  l i v e r  and mammary t i s s u e .

A p p a r e n t  D i s s o c i a t i o n  
C o n s t a n t  (M)

L iv e r*

Membrane S o u rce

Mammary Gland**

High A f f i n i t y  B in d in g  S i t e  
SE

Low A f f i n i t y  B in d in g  S i t e  
SE

7 . 6 x l0 l } o  
1 . 1x10 
3 .2 x 1 0  ;  
1 .3 x 1 0 “°

9 .6 x 1 0  “  
7 .5 x 1 0  “  
6 . 8 x 10 
4 •5x10

B in d in g  C a p a c i t y  
(moles /mg)

High A f f i n i t y  B in d in g  S i t e 1 .4 x 1 0 “ }? 
2.0X10“ }: 
5.4x10"}} 
2 .5x10

2 . 8 x 10“} f 
1.9xlflT}J 
5.2x10"};  
2 .3x10"

SE
Low A f f i n i t y  B in d in g  S i t e

SE

Jn-6
J f n-2

Moles hormone bound p e r  mg Lowry m ic ro s o m a l  p r o t e i n .
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—6■ 3 . 2  x 10 M) i s  s e v e r a l  o r d e r s  o f  m a g n i tu d e  l e s s  t h a n  

t h o s e  c i t e d  p r e v i o u s l y  and may be  a t t r i b u t a b l e  t o  a l a c k  o f  

d a t a  p o i n t s  i n  t h e  low er  p o r t i o n  o f  t h e  S c a t c h a r d  p l o t s  f o r  

b o v i n e  l i v e r .

I n c u b a t i o n  c o n d i t i o n s  f o r  t h e  c o m p e t i t i v e  b i n d i n g  a s ­

s a y s  d i f f e r e d .  Bov ine  l i v e r  was i n c u b a t e d  a t  4°C f o r  48 h r  

w h i l e  b o v i n e  mammary t i s s u e  was i n c u b a t e d  a t  20°C f o r  4 . 5  

h r .  The low er  t e m p e r a t u r e  was a d o p te d  f o r  t h e  s t a n d a r d  

l i v e r  r a d i o r e c e p t o r  a s s a y  b e c a u s e  i n s u l i n  b i n d i n g  was 

g r e a t e r  a t  t h i s  t e m p e r a t u r e ,  t h e r e f o r e  i n c r e a s i n g  t h e  s e n ­

s i t i v i t y  o f  t h e  a s s a y .  A low er  i n c u b a t i o n  t e m p e r a t u r e  a l s o  

would have  been  d e s i r a b l e  f o r  t h e  mammary r a d i o r e c e p t o r  a s ­

s a y  b e c a u s e  mammary m ic rosom es  e x h i b i t e d  low i n s u l i n  b i n d ­

i n g .  However ,  t h e i r  a b e r r a n t  b i n d i n g  b e h a v i o r  o v e r  t im e  a t  

4°  C o b s c u r e d  s t e a d y  s t a t e  b i n d i n g  a t  t h i s  t e m p e r a t u r e ,  

even  a f t e r  e n z y m a t i c  t r e a t m e n t  o f  t h e  membranes .  S i n c e  t h e  

v a l i d i t y  o f  S c a t c h a r d  a n a l y s i s  d e p e n d s  on th e  e s t a b l i s h m e n t  

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

was employed f o r  t h e  mammary a s s a y .

I n c u b a t i o n  t e m p e r a t u r e  may a f f e c t  r e c e p t o r  b i n d i n g  a f ­

f i n i t y  by a l t e r i n g  t h e  d i s s o c i a t i o n  r a t e  c o n s t a n t  o f  t h e  

r e c e p t o r ;  h e n c e ,  a d i r e c t  c o m p a r i s o n  o f  t h e  b i n d i n g  a f ­

f i n i t i e s  o f  b o v i n e  l i v e r  and mammary t i s s u e  c a n n o t  b e  made. 

N e v e r t h e l e s s ,  t h e  i n s u l i n  r e c e p t o r  o f  b o v i n e  mammary t i s s u e  

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

r
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b o v i n e  l i v e r  s i n c e  t h e  o f  l i v e r  was low er  t h a n  t h e  Kd o f  

mammary even  a t  t h e  low er  t e m p e r a t u r e .

The b i n d i n g  c a p a c i t i e s  o f  b o t h  t h e  h i g h  and low a f ­

f i n i t y  s i t e s  o f  b o v i n e  l i v e r  m ic ro so m es  o b s e rv e d  in  t h i s  

s t u d y  ( T a b le  1) a r e  v e r y  s i m i l a r  t o  t h o s e  r e p o r t e d  by  Rosen

e t  a l  (1979) f o r  b o v i n e  l i v e r  p la sm a  membranes  (R^ ■ 2 . 7  x
— 13 —1210 moles/mg p r o t e i n ;  R2 -  1 .4  x 10 m oles /mg p r o t e i n ) .

However,  n e i t h e r  o u r  s t u d y  no r  t h e  Rosen e t  a l  (1979) s t u d y

t e s t e d  f o r  c r y p t i c  r e c e p t o r s  i n  t h i s  t i s s u e .  T h e r e f o r e ,

t h e  b i n d i n g  c a p a c i t i e s  o f  b o t h  s i t e s  r e p o r t e d  in  t h i s  p a p e r

and t h a t  o f  Rosen e t  a l  (1979) may n o t  b e  a  t r u e  r e f l e c t i o n

o f  e f f e c t i v e  r e c e p t o r  c o n c e n t r a t i o n  in  b o v i n e  l i v e r .

E s t i m a t e s  o f  i n s u l i n  r e c e p t o r  l o a d i n g  in  b o v i n e  l i v e r

and mammary t i s s u e  would p r o v i d e  i n f o r m a t i o n  c o n c e r n i n g

r e c e p t o r  r e g u l a t i o n  and p e r h a p s  t i s s u e  r e s p o n s i v e n e s s .

Such e s t i m a t e s  c a n  b e  made u s in g  t h e  d a t a  in  T a b le  1 and

t h e  mass  a c t i o n  e x p r e s s i o n  f o r  hormone r e c e p t o r  b i n d i n g  a t

e q u i l i b r i u m :
t l H R J  

[IR] -  T
Kd + (IJ

where  [ I ]  ■ f r e e  i n s u l i n  c o n c e n t r a t i o n ,  (R^J ■ t o t a l  i n ­

s u l i n  r e c e p t o r  c o n c e n t r a t i o n ,  [IR] ■ o c c u p ie d  i n s u l i n  

r e c e p t o r  c o n c e n t r a t i o n ,  and Kd » d i s s o c i a t i o n  c o n s t a n t  

( O l e f s k y  and C i a r a l d i ,  1 9 8 1 ) .  P lasma i n s u l i n  

c o n c e n t r a t i o n s ,  a v a i l a b l e  from o t h e r  s t u d i e s  in  our
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l a b o r a t o r y ,  o f  1 . 0  x 10_10M t o  1 . 7  x 10“ 10M (15-25. uU/ml)  

a r e  c h a r a c t e r i s t i c  o f  c a t t l e  r e c e i v i n g  a t y p i c a l  6 0 :40  

r o u g h a g e { c o n c e n t r a t e  d i e t .  Using an a v e r a g e  p la sm a  i n s u l i n  

c o n c e n t r a t i o n  o f  20 y u /m l  o r  1 .4  x 1 0 - 1 0 M and t h e  v a l u e s  

f o r  and [R? ] in  T a b le  1 ,  t h e  d e g r e e  o f  hormone lo a d i n g  

f o r  b o t h  b o v i n e  l i v e r  and mammary m ic ro so m es  can  be  c a l c u ­

l a t e d .  S i n c e  t h e  b i o l o g i c a l  s i g n i f i c a n c e  o f  t h e  low a f ­

f i n i t y  r e c e p t o r  s i t e s  i s  u n c e r t a i n ,  ( C u a t r e c a s a s  and 

H o l l e n b e r g ,  1 9 7 6 ) ,  o n l y  h i g h  a f f i n i t y  s i t e s  a r e  c o n s i d e r e d  

h e r e .  For  b o v i n e  l i v e r  m ic r o s o m e s ,  t h e  c o n c e n t r a t i o n  o f  

i n s u l i n - b o u n d  r e c e p t o r s  i s  l . l  x 1 0 " 1,1M o r  15% o f  t h e  t o t a l

r e c e p t o r s  p r e s e n t .  In  t h e  c a s e  o f  b o v i n e  mammary m i c r o -
—13somal  r e c e p t o r s ,  8 . 3  x 10 M a r e  o c c u p i e d  o r  59% of  t h e  

t o t a l .

I t  a p p e a r s  from p r e v i o u s  s t u d i e s  t h a t  o n l y  a f r a c t i o n  

o f  t h e  t o t a l  hormone r e c e p t o r s  p r e s e n t  on a c e l l  m u s t  be  

o c c u p i e d  to  e l i c i t  a maximal c e l l u l a r  r e s p o n s e  ( O l e f s k y  and 

C i a r a l d i ,  1 9 8 1 ) .  Maximum g l u c o s e  o x i d a t i o n  in  r a t  

a d i p o c y t e s  was a t t a i n e d  w i t h  o n l y  2.4% lo a d i n g  o f  i n s u l i n  

r e c e p t o r s  (Kono and Barham, 1 9 7 1 ) .  O l e f s k y  (1975) n o t e d  

t h a t  maximal  s t i m u l a t i o n  o f  g l u c o s e  u p t a k e  by  a d i p o c y t e s  

o c c u r r e d  when o n ly  10% o f  t h e  i n s u l i n  r e c e p t o r s  were 

f i l l e d .

From t h i s ,  b o t h  b o v i n e  l i v e r  and mammary t i s s u e  o u g h t  

t o  be  u n d e r  maximal i n s u l i n  s t i m u l a t i o n  a t  p lasm a i n s u l i n
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c o n c e n t r a t i o n s  o f  :> 9 . 0  x 10“ ^ 1M (13 VU/ml) ; and r e f r a c t o r y  

t o  g r e a t e r  s t i m u l a t i o n  by  h i g h e r  i n s u l i n  c o n c e n t r a t i o n s .

I f  10% r e c e p t o r  o cc u p an cy  i s  a c c e p t e d  a s  t h e  d e g r e e  o f  

r e c e p t o r  l o a d i n g  r e q u i r e d  to  e l i c i t  a maximal  i n t r a c e l l u l a r  

r e s p o n s e , a  p la sm a  i n s u l i n  c o n c e n t r a t i o n  a s  low a s  3 .3  x 

10” 11M ( 0 . 2  ng /m l)  would s t i l l  r e s u l t  in  maximal s t i m u l a ­

t i o n  o f  b o v i n e  mammary t i s s u e  (ca  26% r e c e p t o r  o c c u p a n c y ) . 

Only  a t  i n s u l i n  c o n c e n t r a t i o n s  f a r  b e lo w  3 .3  x would

t h e  i n s u l i n  r e s p o n s e  i n  b o v i n e  mammary t i s s u e  be  

d i m i n i s h e d .  S i n c e  3 . 3  x 10_11M i s  t h e  l o w e s t  p la sm a  i n ­

s u l i n  c o n c e n t r a t i o n  docum ented  in  r u m i n a n t s  (H or ino  e t  a l ,  

1968; McAtee and T r e n k l e ,  1 9 7 1 ) ,  b o v i n e  mammary t i s s u e  

would p r o b a b l y  be i n  a  c o n s t a n t  s t a t e  o f  m axim al  i n s u l i n  

s t i m u l a t i o n  a t  a  c o n s t a n t  [R^J and K^.

T h i s  a g r e e s  w i t h  o t h e r  s t u d i e s  w h e r e in  i t  a p p e a r s  t h a t  

t h e  mammary g l a n d  i s  i n s u l i n - i n d e p e n d e n t  w i t h  r e s p e c t  to  

g l u c o s e  u p t a k e  ( M a r t in  and B a ld w in ,  1971;  Hove, 1 9 7 8 ) .  

However,  T h r e a d g o ld  and Kuhn (1984)  r e c e n t l y  r e p o r t e d  t h a t  

i n s u l i n  p rom oted  3 - 0 - m e t h y l  g l u c o s e  t r a n s p o r t  i n t o  t h e  mam­

mary g l a n d  o f  s t a r v e d ,  b u t  n o t  f e d ,  r a t s .  These  r e s u l t s  

s u g g e s t  t h a t  i n s u l i n  i s  r e q u i r e d  f o r  g l u c o s e  t r a n s p o r t  in  

n o n r u m in a n t  mammary t i s s u e ,  b u t  t h a t  a r e s p o n s e  i s  n o t  a p ­

p a r e n t  b e c a u s e  i n s u l i n  s t i m u l a t i o n  o f  t r a n s p o r t  i s  maxim al  

u n d e r  m ost  p h y s i o l o g i c a l  c o n d i t i o n s .  Extrem e c o n d i t i o n s ,  

su c h  a s  s t a r v a t i o n ,  c o u l d  c a u s e  p lasm a i n s u l i n  t o  f a l l
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b e lo w  t h e  c o n c e n t r a t i o n  r e q u i r e d  f o r  maximum s t i m u l a t i o n  o f  

.mammary i n s u l i n  r e c e p t o r s .  In t h i s  c a s e ,  g l u c o s e  t r a n s p o r t  

by t h e  mammary g l a n d  would be  a f u n c t i o n  o f  t h e  i n s u l i n  

c o n c e n t r a t i o n .  I f  o u r  c a l c u l a t i o n s  a r e  r e p r e s e n t a t i v e ,  t h e  

p la sm a  i n s u l i n  c o n c e n t r a t i o n  in  t h e  r u m in a n t  would have  

l i t t l e  o r  no i n f l u e n c e  i n  r e g u l a t i n g  c e l l u l a r  i n s u l i n  

r e s p o n s e  o f  t h e  mammary g l a n d  a t  t h e  r e c e p t o r  l e v e l  under  

p h y s i o l o g i c a l  c o n d i t i o n s .  T h i s  c o u l d  be  a m e t a b o l i c  a d a p ­

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

h e n c e ,  p r e s e r v i n g  m i l k  s e c r e t i o n  u n d e r  e x t r e m e  p h y s i o l o g i ­

c a l  c o n d i t i o n s .

Not a l l  i n s u l i n - d e p e n d e n t  c e l l u l a r  f u n c t i o n s  w i l l  

n e c e s s a r i l y  confo rm  t o  t h e  s p a r e  r e c e p t o r  t h e o r y .  

D o l a i s - K i t a b g i  e t  a l  (1981)  r e p o r t e d  t h a t  i n s u l i n  s t i m u l a ­

t i o n  o f  amino a c i d  t r a n s p o r t  i n t o  r a t  h e p a t o c y t e s  was i n  

d i r e c t  p r o p o r t i o n  t o  i n s u l i n  b i n d i n g  up t o  80% r e c e p t o r  o c ­

c u p a n c y .  T h e r e f o r e ,  i t  i s  p o s s i b l e  t h a t  w h i l e  some c e l ­

l u l a r  m echanisms  seem to  r e q u i r e  t h r e s h o l d  c o n c e n t r a t i o n s  

o f  i n s u l i n  f o r  maximal  s t i m u l a t i o n ,  o t h e r s  r e s p o n d  t o  i n ­

s u l i n  in  a d o s e - d e p e n d e n t  f a s h i o n .  R e c e n t l y ,  Vernon e t  a l  

(1985) examined i n s u l i n  a c t i o n  and b i n d i n g  i n  b o v i n e  

a d i p o c y t e s  m a i n t a i n e d  in  v i t r o . H a l f  maximal s t i m u l a t i o n  

o f  b o t h  g l u c o s e  t r a n s p o r t  and p y r u v a t e  k i n a s e  a c t i v i t y  were 

o b s e r v e d  a t  an i n s u l i n  c o n c e n t r a t i o n  o f  8 . 3  x ( 0 . 5

n g / m l ) .  However ,  c a l c u l a t i o n s  b a s e d  on t h e i r  i n s u l i n

r
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b i n d i n g  d a t a  a p p r o x i m a te  17% r e c e p t o r  o c cu p a n c y  a t  t h i s  

i n s u l i n  c o n c e n t r a t i o n .  T h i s  i s  s l i g h t l y  h i g h e r  t h a n  f o r  

r a t  a d i p o c y t e s  ( O l e f s k y ,  1975) w here  maximal  s t u m u l a t i o n  o f  

g l u c o s e  t r a n s p o r t  o c c u r r e d  a t  10% i n s u l i n  r e c e p t o r  o ccu p an ­

c y .  D e t e r m i n a t i o n  o f  a r e g u l a t o r y  r o l e  f o r  t h e  i n s u l i n  

r e c e p t o r  i n  b o v i n e  t i s s u e s  d e p e n d s  on i d e n t i f i c a t i o n  o f  

t h o s e  c e l l u l a r  m echan ism s  which  a r e  i n s u l i n  d o s e - d e p e n d e n t .

In  c o n c l u s i o n ,  t h e  s p e c i f i c i t y  and k i n e t i c s  o f
125 I - i n s u l i n  b i n d i n g  t o  b o v i n e  mammary m ic ro so m e s  i n d i c a t e  

t h e  p r e s e n c e  o f  i n s u l i n  r e c e p t o r s  i n  b o v i n e  mammary t i s s u e .  

These  r e c e p t o r s  a r e  s i m i l a r  in  b i n d i n g  a f f i n i t y  and pH op­

timum t o  i n s u l i n  r e c e p t o r s  i n  o t h e r  s p e c i e s  and t i s s u e s ,  

i n c l u d i n g  b o v i n e  l i v e r .

Both  b o v i n e  mammary and r a t  l i v e r  m ic rosom es
125d e m o n s t r a t e d  i n c r e a s e d  i - i n s u l i n  b i n d i n g  a f t e r  membrane 

p e r t u r b a t i o n  w i th  p h o s p h o l i p a s e s ,  s u g g e s t i n g  t h e  e x i s t e n c e  

o f  c r y p t i c  r e c e p t o r s  in  b o t h  m ic ro s o m a l  p r e p a r a t i o n s .  The 

r e s p o n s e  to  enzyme p e r t u r b a t i o n  was more p ron o u n ced  in  . r a t  

l i v e r  t h a n  in  b o v i n e  mammary m i c ro s o m e s ,  and o n l y  r a t  l i v e r  

m ic ro so m es  r e s p o n d e d  to  NaCl t r e a t m e n t .

The r e a s o n  f o r  t h e s e  s p e c i e s  d i f f e r e n c e s  in  i n s u l i n  

b i n d i n g ,  b o t h  p r e -  and p o s t -m em b ra n e  p e r t u r b a t i o n ,  i s  n o t  

a p p a r e n t ,  b u t  may r e f l e c t  d i f f e r e n c e s  in  f a t t y  a c i d  com­

p o s i t i o n  o f  membrane p h o s p h o l i p i d s  b e tw e en  r u m i n a n t s  and 

n o n r u m i n a n t s .  I t  i s  w e l l  documented  t h a t  d e p o t  f a t  o f
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r u m i n a n t s  i s  composed o f  more  s a t u r a t e d  and more t r a n s  

f a t t y  a c i d s  t h a n  d e p o t  f a t  o f  n o n r u m i n a n t s  ( S h o r l a n d ,  1953;  

Hartman e t  a l ,  1 9 5 4 ) .  T h i s  d i f f e r e n c e  in  f a t  c o m p o s i t i o n  

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

t h e  rumen (Dawson and Kemp, 1 9 7 0 ) .  A l th o u g h  d i f f e r e n c e s  in  

membrane l i p i d  c o m p o s i t i o n  b e tw ee n  r u m i n a n t s  and non­

r u m i n a n t s  hav e  n o t  been  d o cu m en te d ,  a h i g h e r  p e r c e n t a g e  o f  

s a t u r a t e d  and t r a n s  f a t t y  a c i d s  i n  r u m i n a n t  membranes  c o u ld  

d ec i fease  membrane f l u i d i t y  (Wahle,  1 9 8 3 ) ,  and t h e r e b y  i n ­

f l u e n c e  i n s u l i n  r e c e p t o r  b i n d i n g  ( B e r l i n  e t  a l ,  1 9 8 5 ) .

A l th o u g h  t h e  m ic ro s o m a l  p r e p a r a t i o n s  employed in  t h i s  

s t u d y  p r o v id e d  a  r e l a t i v e l y  e a s y  and i n e x p e n s i v e  means o f  

e v a l u a t i n g  i n s u l i n  r e c e p t o r s  in  b o v i n e  mammary t i s s u e ,  e x ­

t r a p o l a t i o n  o f  o u r  r e s u l t s  t o  r e g u l a t i o n  in  t h e  i n t a c t  c e l l  

may n o t  be a p p r o p r i a t e .  F u r t h e r  s t u d i e s  c o r r e l a t i n g  i n ­

s u l i n  b i n d i n g  and b i o l o g i c a l  r e s p o n s e  i n  b o v i n e  mammary 

s e c r e t o r y  c e l l s  o r  a l v e o l i  a r e  i n d i c a t e d .  Use o f  v i a b l e  

t i s s u e  p r e p a r a t i o n s  would p r o v i d e  more a c c u r a t e  i n f o r m a t i o n  

a s  t o  t h e  r e l a t i o n s h i p  b e tw een  i n s u l i n  b i n d i n g  and a c t i o n  

in  t h e  r u m i n a n t  mammary g l a n d .
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CHAPTER I I I

I n s u l i n  B in d in g  by B ovine  and P o r c i n e  Membranes

INTRODUCTION

Both b o v i n e  l i v e r  and mammary m ic ro so m es  hav e  h ig h  

a f f i n i t y  i n s u l i n  r e c e p t o r s  w i t h  a f f i n i t y  c o n s t a n t s  o f  1 .3  

x lB^M” !  and 1 . 0  x 10l®M"l,  r e s p e c t i v e l y  (Sm ith  e t  a l . ,  

1986) . These  c o n s t a n t s  a r e  s i m i l a r  t o  t h o s e  f o r  h i g h  a f ­

f i n i t y  i n s u l i n  b i n d i n g  by  n o n r u m in a n t  t i s s u e s  (1 . 1  x 

10®M“ 1 t o  2 . 0  x 1 0 10M-1) (Kahn, 1 9 7 5 ) .

A l th o u g h  mammary m ic rosom es  may be used  t o  a s s e s s  

i n s u l i n  r e c e p t o r s  in  t h e  mammary g l a n d  (Sm i th  e t  a l . ,

1986) , t h e  membrane s o u r c e  must  be  o b t a i n e d  by mammary 

b i o p s y  o r  s l a u g h t e r .  In  c o n t r a s t ,  m i l k  i s  e a s i l y  o b t a i n e d  

from t h e  mammary g l a n d  and c o n t a i n s  a b u n d a n t  membranes  o f  

mammary s e c r e t o r y  c e l l  o r i g i n .

F a t  d r o p l e t s  a r e  e n v e lo p e d  in  a p o r t i o n  o f  t h e  a p i c a l  

p la sm a  membrane o f  t h e  mammary e p i t h e l i a l  c e l l  d u r i n g  t h e  

s e c r e t o r y  p r o c e s s  and o c c u r  i n  m i lk  a s  membrane-bounded 

f a t  d r o p l e t s  te rm ed  m i lk  f a t  g l o b u l e s  (MFG) (Mather  & Kee­

n a n ,  1983) . The m i lk  f a t  g l o b u l e  membranes (MFGM) (Mather
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& Keenan ,  1983) s h a r e  many p r o p e r t i e s  w i t h  t h e  a p i c a l  mam­

mary p lasm alem m a,  a r e  e a s i l y  i s o l a t e d  from m i l k  (Dowben e t  

a l . ,  1967) and c o n t a i n  numerous  p r o t e i n s ,  su c h  a s  HLA a n ­

t i g e n s  (Wiman e t  a l . ,  1 9 7 9 ) ,  x a n t h i n e  o x i d a s e ,  and 

b u t y r o p h i l i n  (Mather  & K eenan ,  1 9 8 3 ) .  F l i n t  and West 

(1983)  examined  1 2 5 i - i n s u l i n  b i n d i n g  to  c a p r i n e  and m u r in e  

MFGM in  t e r m s  o f  hormone s p e c i f i c i t y  and pH opt imum. They 

c o n c l u d e d  t h a t  i n s u l i n  r e c e p t o r s  were  p r e s e n t  in  MFGM b u t  

d i d  n o t  d e s c r i b e  t h e  amount o f  s p e c i f i c  125 l - i n s u l i n  b i n d ­

ing  o b s e r v e d .  S in c e  i n s u l i n  r e c e p t o r s  a p p e a r  t o  b e  p r e s ­

e n t  in  MFGM, we p o s t u l a t e d  t h a t  MFGM c o u l d  be a more c o n ­

v e n i e n t  s y s t e m  t h a n  mammary m ic ro so m es  f o r  m o n i t o r i n g  i n ­

s u l i n  r e c e p t o r  r e g u l a t i o n  in  t h e  mammary g l a n d  o f  l a c t a t -  

ing  a n i m a l s .

W hi le  t h e  a f f i n i t y  c o n s t a n t s  f o r  b o v i n e  l i v e r  and 

mammary i n s u l i n  r e c e p t o r s  we r e p o r t e d  were  s i m i l a r  t o  each  

o t h e r ,  t h e  b i n d i n g  c a p a c i t i e s  d i f f e r e d  by 5 0 - f o l d  ( 1 . 4  x 

10“ 13 vg 2 .8  x 10 -15  m o les  i n s u l i n  bound/mg m ic ro so m a l  

p r o t e i n ,  r e s p e c t i v e l y )  (Smith  e t  a l . ,  1 9 8 6 ) .  I n s u l i n  

b i n d i n g  by m ic ro s o m a l  p r e p a r a t i o n s  h a s  been  shown to  v a r y  

w i t h  s p e c i e s  and t i s s u e  exam ined  ( P o s n e r  e t  a l . ,  1974) 

which  may i n d i c a t e  d i f f e r e n t i a l  i n s u l i n  r e q u i r e m e n t s  b o t h  

among s p e c i e s  and among t i s s u e s  w i t h i n  s p e c i e s .  In p a r ­

t i c u l a r ,  s u b s t a n t i a l  d i f f e r e n c e s  i n  i n s u l i n  b i n d i n g  m ig h t
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be e x p e c t e d  be tw een  r u m i n a n t s  and n o n r u m i n a n t s , a s  g l u c o s e  

m e ta b o l i sm  i s  known to  d i f f e r  ( L i n d s a y ,  1 9 7 8 ) .

S in c e  l i t t l e  g l u c o s e  i s  a b s o r b e d  from t h e  g u t  o f  

r u m in a n t s  ( L i n d s a y ,  1 9 7 8 ) ,  endogenous  g l u c o s e  p r o d u c t i o n  

i s  n e c e s s a r y  t o  meet  t h e i r  g l u c o s e  r e q u i r e m e n t .  

G lu c o n e o g e n e s i s  a p p e a r s  t o  be  p e r m a n e n t l y  a c t i v e  in  t h e  

r u m in a n t  ( L i n d s a y ,  1 9 7 8 ) ,  o c c u r r i n g  p r i m a r i l y  i n  t h e  l i v e r  

(Bergman e t  a l . ,  1 9 7 4 ) .  Both  b lo o d  g l u c o s e  and i n s u l i n  

c o n c e n t r a t i o n s  a r e  lower  in  r u m i n a n t s  (Horino  e t  a l . ,

1968) th an  in  n o n r u m in a n t s  (Yalow & B e r s o n ,  1960) ( f a s t i n g  

g l u c o s e  ■ 50 vs  90 m g / d l ,  r e s p e c t i v e l y ;  f a s t i n g  i n s u l i n  

-  3 x 10” 11M vs  1 .5  x 10“ 10M, r e s p e c t i v e l y ) .  F u r t h e r ­

m ore ,  r u m i n a n t s  seem l e s s  s e n s i t i v e  to  i n s u l i n  t h a n  non­

r u m i n a n t s .  In d i a b e t i c  s h e e p ,  b lo o d  g l u c o s e  c o n c e n t r a ­

t i o n s  re sp o n d  s lo w ly  (4 days )  to  i n t r a v e n o u s  a d m i n i s t r a ­

t i o n  o f  i n s u l i n  ( J a r r e t t  e t  a l . ,  1 9 7 4 ) .  In d i a b e t i c  non­

r u m i n a n t s ,  t h e  same r e s p o n s e  o c c u r s  w i th  30 min (Ganong, 

1 9 7 5 ) .

Based on d i f f e r e n c e s  be tw een  r u m i n a n t s  and nonrumi­

n a n t s  in  g l u c o s e  m e ta b o l i s m  and i n s u l i n  r e g u l a t i o n  t h e r e o f  

( J a r r e t t  e t  a l . ,  1 9 7 4 ) ,  we p o s t u l a t e d  t h a t  s i m i l a r  d i f ­

f e r e n c e s  m igh t  e x i s t  in  i n s u l i n  b i n d i n g  be tween  t h e s e  two 

a n im a l  g r o u p s .

r



Two s t u d i e s  were  c o n d u c te d  to  t e s t  our  p o s t u l a t e s .

In S tu d y  1 ,  i n s u l i n  b i n d i n g  t o  b o v in e  MFGM was m easured  

and compared t o  i n s u l i n  b i n d i n g  by b o v in e  mammary m i c r o -  

somes .  In S tu d y  2, i n s u l i n  b i n d i n g  to  l i v e r  and mammary 

m icrosom es  o f  t h e  p ig  and d a i r y  cow, s p e c i e s  n o t  examined 

by P osne r  e t  a l .  ( 1 9 7 4 ) ,  was examined and com pared .

MATERIALS AND METHODS

C a r r i e r - f r e e  Na (1 7 .4  c i /m g )  was o b t a i n e d  from

New England N u c le a r  p r o d u c t s  ( B o s to n ,  MA, U . S . A . ) .  Bovine  

serum a lbum in  (BSA, f r a c t i o n  V) and g u in e a  p ig  a n t i b o v i n e  

i n s u l i n  serum (GPAIS) were p u r c h a s e d  from M i le s  B iochem i­

c a l  ( E l k h a r t ,  IN, U . S . A . ) .  Bovine c r y s t a l l i n e  i n s u l i n  

( 2 6 .6  u n i t s / m g )  was g e n e r o u s l y  p r o v id e d  by W. F i e l d s  o f  

t h e  E l i  L i l l y  Company ( I n d i a n a p o l i s ,  IN, U . S . A . ) .

Mammary t i s s u e  was o b t a i n e d  from t h r e e  l a c t a t i n g  

c r o s s b r e d  sows (21-28  days  l a c t a t i o n )  and s i x  l a c t a t i n g  

H o l s t e i n  cows (77-390  days  l a c t a t i o n ) . L iv e r  was o b t a i n e d  

from one l a c t a t i n g ,  c r o s s b r e d  sow (28 days  l a c t a t i o n ) ,  

t h r e e  l a c t a t i n g  H o l s t e i n  cows (270-437  days  l a c t a t i o n ) , 

and t h r e e  n o n l a c t a t i n g  cows (two H o l s t e i n  and one J e r s e y ) . 

A l l  t i s s u e s  were removed im m e d ia t e ly  p o s t s l a u g h t e r  and
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h e l d  in  i c e  u n t i l  p r o c e s s i n g .  M ilk  s a m p le s  (AM) w ere  c o l ­

l e c t e d  from e a c h  of.  t h e  l a c t a t i n g  cows w i t h i n  4 d a y s  p r i o r  

t o  t h e i r  s l a u g h t e r  f o r  mammary t i s s u e .

L i v e r  and mammary m icrosom e p r e p a r a t i o n  was a s  

d e s c r i b e d  p r e v i o u s l y  (Sm ith  e t  a l . ,  1 9 8 6 ) .  C rude  MFGM 

w ere  p r e p a r e d  a c c o r d i n g  to  Dowben e t  a l .  (1967) e x c e p t  

t h a t  a l l  wash s t e p s  were  e x e c u t e d  a t  20°C r a t h e r  t h a n  a t  

35°C t o  r e t a r d  i n s u l i n  r e c e p t o r  d e g r a d a t i o n .  The f i n a l  

m ic ro s o m a l  and MFGM p e l l e t s  were  r e s u s p e n d e d  in  50 mM 

T r i s / H C l ,  10 mM CaCl2 , pH 7 . 5  a t  4°C.  Membrane p r o t e i n  

c o n t e n t  was m ea su re d  by t h e  Lowry method (1951)  w i t h  BSA 

a s  a s t a n d a r d .  The f r e s h l y  i s o l a t e d  b o v i n e  mammary m i c r o -  

somes and MFGM were  t h e n  a s s a y e d  f o r  i n s u l i n  b i n d i n g ,  and 

t h e  r e m a in in g  b o v i n e  mammary membranes were  f r o z e n  

( - 2 0 ° C ) . O th e r  membrane p r e p a r a t i o n s  ( p o r c i n e  and b o v i n e  

l i v e r  m ic ro so m es  and p o r c i n e  mammary m ic rosom es)  were 

f r o z e n  ( -20°C)  i m m e d i a t e l y  a f t e r  i s o l a t i o n  u n t i l  i n s u l i n  

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

125 i _ i n a u l i n  ( s p e c i f i c  a c t i v i t y  ■ 8 0 -1 3 0  y c i / y g )  was 

p r e p a r e d  a c c o r d i n g  to  F r e y c h e t  e t  a l .  ( 1 9 7 1 ) .  Hormone 

i n t e g r i t y  was d e t e r m i n e d  by 125 l - i n s u l i n  p r e c i p i t a b i l i t y  

w i t h  t r i c h l o r o a c e t i c  a c i d  (TCA, 10%) and GPAIS. Only 

1 2 5 i - i n s u l i n  > 95% TCA p r e c i p i t a b l e  and > 93% im- 

m u n o p r e c i p i t a b l e  was employed in  t h e s e  s t u d i e s .



The s t a n d a c d  i n s u l i n  b i n d i n g  a s s a y  c o n s i s t e d  o f  

500 u g  o f  membrane p r o t e i n  i n c u b a t e d  w i t h  0 . 6  ng ( 0 .1  

pmol) 125 i - i n s u l i n  in  50 mM T r i s / H C l ,  pH 7 . 8  a t  4°C,  c o n ­

t a i n i n g  0.1% BSA. F i n a l  a s s a y  volume was 1 m l .  For  e a ch

d e t e r m i n a t i o n ,  a p a r a l l e l  i n c u b a t i o n  was p e r fo r m e d  in  t h e
*

p r e s e n c e  o f  e x c e s s  u n l a b e l e d  i n s u l i n  (50 yg o r  8 . 3  n m o l ) .  

A l l  i n c u b a t i o n s  were  i n  12 mm x 75 mm p o l y s t y r e n e  t u b e s ,  

i n  t r i p l i c a t e ,  a t  4°C f o r  36 -  48 h ,  w i t h  i n t e r m i t t e n t  

han d m ix in g  e v e r y  8 h .  The b i n d i n g  r e a c t i o n  was t e r m i n a t e d  

by t h e  a d d i t i o n  o f  2 ml i c e  c o l d  0.1% BSA, T r i s / H C l  b u f f e r  

f o l l o w e d  by c e n t r i f u g a t i o n  a t  5860 g f o r  30 min a t  4°C.

The s u p e r n a t a n t  was d e c a n t e d ,  t h e  t u b e s  were  d r a i n e d ,  and 

t h e  t u b e  i n t e r i o r s  were b l o t t e d  above  t h e  membrane p e l l e t s  

w i t h  a b s o r b e n t  p a p e r .  R a d i o a c t i v i t y  in  t h e  p e l l e t s  was 

c o u n te d  f o r  10 min in  a N u c le a r  C h ic ag o  a u t o m a t i c  gamma 

c o u n t e r  ( S e r i e s  1185) a t  an a v e r a g e  c o u n t i n g  e f f i c i e n c y  o f  

75%. S p e c i f i c  1 2 5 I - i n s u l i n  b i n d i n g  t o  t h e  membranes was 

d e t e r m i n e d  by s u b t r a c t i n g  t h e  number o f  c o u n t s  bound to  

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

( n o n s p e c i f i c  b i n d i n g )  from t h e  number o f  c o u n t s  bound in  

t h e  a b s e n c e  o f  e x c e s s  u n l a b e l e d  i n s u l i n  ( t o t a l  b i n d i n g ) . 

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

t o t a l  r a d i o a c t i v i t y  added  t o  e a c h  i n c u b a t i o n .
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L e a s t  s q u a r e s  a n a l y s e s  o f  v a r i a n c e  {Harvey ,  1960) 

u s i n g  a 2 x 2 f a c t o r i a l  d e s i g n  was employed f o r  a n a l y s i s  

o f  t h e  d a t a  in  b o t h  s t u d i e s .  In S tu d y  1,  t h e  e f f e c t s  o f  

f r o z e n  s t o r a g e  ( f r e s h  v s  f r e e z e - t h a w e d  membranes)  and mam­

mary membrane s o u r c e  (m i lk  v s  mammary t i s s u e )  on i n s u l i n  

b i n d i n g  were  t e s t e d .  In  S tu d y  2 ,  s p e c i e s  (p ig  v s  cow) and 

t i s s u e  ( l i v e r  v s  mammary) d i f f e r e n c e s  i n  i n s u l i n  b i n d i n g  

w ere  d e t e r m i n e d .

RESULTS

F r e s h  b o v i n e  membranes  (m icrosom es  and MFGM) s p e c i f i ­

c a l l y  bound s i m i l a r  am ounts  o f  1 2 5 i - i n s u l i n  a s  f r e e z e -  

thawed membranes (m icrosom es  and MFGM), and m ic ro so m es  

( f r e s h  and f r e e z e - t h a w e d )  s p e c i f i c a l l y  bound s i m i l a r  

am ounts  o f  ^ ^ i - i n s u l i n  03 MFGM ( f r e s h  and f r e e z e - t h a w e d )  

(T a b le  2 ) .  However ,  f r e s h  mammary m ic ro so m es  bound l e s s  

i n s u l i n  th a n  d i d  f r o z e n  mammary m ic ro s o m e s ,  f r e s h  MFGM, o r  

f r o z e n  MFGM (P<0 .09)  (T a b le  2 ) .

P o r c i n e  m ic ro so m es  bound more (P<0 .001)  i n s u l i n  t h a n  

d i d  b o v in e  m ic rosom es  from th e  same t i s s u e  ( T a b le  3 ) .

L i v e r  m i c ro s o m e s ,  r e g a r d l e s s  o f  s p e c i e s ,  bound more 

(P<0 .001)  i n s u l i n  th a n  d i d  mammary m ic ro so m e s  (T a b le  3 ) .  

A l th o u g h  o n l y  one p o r c i n e  h e p a t i c  m ic ro s o m a l  p r e p a r a t i o n
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T a b le  2 .  L e a s t  s q u a r e s  means o£ i n s u l i n  b i n d i n g  by f r e s h  
and f r e e z e - t h a w e d  b o v i n e  mammary m ic ro so m es  and 
m i lk  f a t  g l o b u l e  membranes (MFGM). t 'M

Membranes n

P r e p a r a t i o n  
(% s p e c i f i c  B in d in g )  

F r e s h  F reeze -T h aw ed S.E .M.

Microsomes 6 0 .52 2 .0 4 0 .3 3

MFGM 6 1 .7 6 1 .6 3 0 .33

S.E.M. 0 .3 3 0 .3 3

♦ I n c u b a t i o n  d u r a t i o n  ■ 36 h e x c e p t  f o r  f r o z e n  m ic ro s o m e s ,  
i n c u b a t i o n  d u r a t i o n  ■ 48 h .

♦♦Membrane x p r e p a r a t i o n  i n t e r a c t i o n ;  P < 0 .0 9 .
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T a b le  3* E f f e c t  o f  s p e c i e s  and t i s s u e  t y p e  on i n s u l i n  
b i n d i n g  by  f r e e z e - t h a w e d  m i c r o s o m e s . ++

S p e c i e s H
(% S p e c i f i c  B in d in g )

T i s s u e 4, Cow Pig S.E.M.

Mammary 2 .0 4  (6 )* 1 3 .5 4  (3) 0 .9 6

L i v e r 1 7 .5 9  (6 ) 3 7 .6 0  (1) 1 .0 8

S.E .M. 0 .8 3 1 .4 4

* L e a s t  s q u a r e  means ( n ) .
♦ • s p e c i e s  d i f f e r e n c e s ,  P < 0 .0 0 1 .

.+ T i s s u e  d i f f e r e n c e s ,  P < 0 .0 0 1 .
++S p e c i e s  x t i s s u e  i n t e r a c t i o n ,  P < 0 .0 5 .
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was examined in  t h i s  s tu d y *  t h e  p e r c e n t  s p e c i f i c  b i n d i n g  

r e p o r t e d  i s  s i m i l a r  to  t h a t  r e p o r t e d  by M e se ro le  and 

E t h e r t o n  (1984) f o r  l i v e r  m ic rosom es  from le a n  p i g s  {18— 

33% s p e c i f i c  b in d i n g )  .

DISCUSSION

Membrane m a n i p u l a t i o n  i s  known to  a f f e c t  p o l y p e p t i d e  

hormone b i n d i n g  (P o sn e r  e t  a l . ,  1 9 8 1 ) .  P o sn e r  e t  a l .  

(1981) d e m o n s t r a t e d  t h a t  f r e e z e - t h a w i n g  enhanced  i n s u l i n  

b i n d i n g  by i s o l a t e d  G olg i  membranes .  S in c e  t h e  i s o l a t e d  

G o lg i  f r a c t i o n  e x i s t s  p r e d o m i n a n t l y  in  v e s i c u l a r  form 

( E h r e n r e i c h  e t  a l . ,  1 9 7 8 ) ,  f r e e z e - t h a w i n g  enhanced  i n s u l i n  

b i n d i n g  by d i s r u p t i n g  th e  v e s i c l e s  t o  e x p o se  r e c e p t o r s  

n o r m a l l y  o c c lu d e d  i n s i d e .  Mammary p la sm a  membranes a l s o  

form v e s i c l e s  upon i s o l a t i o n ,  b u t  MFGM i s o l a t e d  from bo­

v i n e  m i lk  e x i s t  a s  s m a l l  membranous s h e e t s  w i th  f r e e  ed g es  

(Keenan e t  a l . ,  1 9 7 0 ) .

S in c e  m icrosom es  a r e  composed o f  rough  and smooth 

e n d o p la s m ic  r e t i c u l u m ,  G olg i  a p p a r a t u s ,  and p lasm a memb­

r a n e s  ( E h r e n r e i c h  e t  a l . ,  1 9 7 8 ) ,  i t  i s  n o t  s u r p r i s i n g  t h a t  

f r e e z e - t h a w i n g  o f  mammary m ic ro so m a l  p r e p a r a t i o n s  r e s u l t e d  

in  enhanced  i n s u l i n  b i n d i n g .  The n o n v e s i c u l a r  n a t u r e  o f  

f r e s h  MFGM would a c c o u n t  f o r  t h e  h i g h e r  i n s u l i n  b i n d i n g
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o b s e r v e d  in  t h i s  p r e p a r a t i o n  in  c o m p a r i s o n  t o  f r e s h  mam­

mary m ic r o s o m e s .  L i k e w i s e , f r e e z e - t h a w i n g  would n o t  be  

e x p e c t e d  t o  e n h a n c e  i n s u l i n  b i n d i n g  to  MFGM s i n c e  t h e y  a r e  

n o n v e s i c u l a r .

1 2 5 j . i n s u l i n  b i n d i n g  by b o v i n e  MFGM was c o m p a r a b le  to  

t h a t  d e m o n s t r a t e d  by  f r e e z e - t h a w e d  mammary m ic ro s o m e s .  

F u r t h e r , f r o z e n  s t o r a g e  o f  MFGM (ave  > 37 days )  had l i t t l e  

e f f e c t  on b i n d i n g .  S i n c e  MFGM a r e  o f  p lasm a  membrane o r i ­

g i n  and b i n d i n g  by MFGM i s  c o m p a r a b le  t o  b i n d i n g  by  mam­

mary m ic ro s o m e s ,  i n s u l i n  b i n d i n g  to  t h i s  f r a c t i o n  may r e ­

f l e c t  i n s u l i n  b i n d i n g  by mammary e p i t h e l i a l  c e l l s .

T h i s  m odel  i s  a d v a n t a g e o u s  i n  t h a t  m i l k ,  t h e  membrane 

s o u r c e ,  i s  r e a d i l y  a v a i l a b l e  and t h a t  m u l t i p l e  s a m p l in g  o f  

a n i m a l s  i s  a c c o m p l i s h e d  e a s i l y .  E x a m in a t io n  o f  i n s u l i n  

b i n d i n g  by MFGM o f  numerous a n i m a l s  i n  v a r i o u s  p h y s i o l o g i ­

c a l  s t a t e s  would r e v e a l  t h e  p o t e n t i a l  o f  t h i s  model f o r  

s c r e e n i n g  i n s u l i n  r e c e p t o r  s t a t u s  in  t h e  mammary g l a n d  o f  

t h e  d a i r y  cow.

S p e c i f i c  i n s u l i n  b i n d i n g  i s  g e n e r a l l y  assumed to  r e ­

f l e c t  i n s u l i n  r e c e p t o r  num bers .  From t h i s ,  b o v i n e  t i s s u e s  

a p p e a r  t o  p o s s e s s  few er  i n s u l i n  r e c e p t o r s  t h a n  p o r c i n e  

t i s s u e s .  C a t t l e  a l s o  hav e  lower  p lasm a  i n s u l i n  c o n c e n t r a ­

t i o n s  t h a n  do s w in e  (H or ino  e t  a l . ,  1 9 6 8 ) .  D i f f e r e n c e s  in 

p la sm a  i n s u l i n  c o n c e n t r a t i o n s  and i n s u l i n  r e c e p t o r  numbers
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be tw een  t h e s e  two s p e c i e s  s u g g e s t  f u n d a m e n ta l  d i f f e r e n c e s  

in  i n s u l i n  r e g u l a t i o n  and r e s p o n s i v e n e s s .

I n s u l i n  b i n d i n g  h a s  been  q u a n t i t a t i v e l y  a s s o c i a t e d  

w i t h  g l u c o s e  m e t a b o l i s m  ( g l y c o g e n e s i s ,  g l y c o l y s i s ,  and 2-  

d e o x y g l u c o s e  u p t a k e )  in  m u r in e  m u sc le  (LeMarchand e t  a l . ,  

1977) and amino a c i d  t r a n s p o r t  in  r a t  h e p a t o c y t e s  ( D o l a i s -  

K i t a b g i  e t  a l . ,  1 9 8 1 ) .  T h e r e f o r e ,  t h e  h i g h e r  i n s u l i n  

b i n d i n g  by l i v e r  m ic rosom es  o b s e r v e d  in  t h i s  e x p e r i m e n t  

s u g g e s t s  t h a t  l i v e r  i s  more r e s p o n s i v e  t o  i n s u l i n  t h a n  i s  

mammary t i s s u e .  In  v iew  o f  t h e  o b s e r v e d  i n s e n s i t i v i t y  o f  

h e p a t i c  g l u c o s e  m e t a b o l i s m  in  t h e  r u m i n a n t  t o  i n s u l i n  

(Brockman, 1 9 7 8 ) ,  h i g h  i n s u l i n  b i n d i n g  by b o v i n e  l i v e r  

m ic rosom es  seems p a r a d o x i c a l .  However,  c e l l u l a r  r e s p o n ­

s i v e n e s s  d o e s  n o t  a p p e a r  t o  be d i c t a t e d  by t h e  l e v e l  o f  

i n s u l i n  b i n d i n g  a l o n e .

C e l l s  p o s s e s s  s p a r e  i n s u l i n  r e c e p t o r s  ( O l e f s k y  & 

C i a r a l d i ,  1 9 8 1 ) .  The " s p a r e  r e c e p t o r "  t h e o r y  o f  hormone 

a c t i o n  m a i n t a i n s  t h a t  a c e l l  p o s s e s s e s  more r e c e p t o r s  t h a n  

a r e  r e q u i r e d  to  e l i c i t  t h e  maximal c e l l u l a r  r e s p o n s e  

( O l e f s k y  & C i a r a l d i ,  1 9 8 1 ) .  When c e l l u l a r  i n s u l i n  r e c e p ­

t o r  o c c u p a n c y  r e a c h e s  10% o r  g r e a t e r ,  t h e  m e t a b o l i c  

r e s p o n s e  i s  o f t e n  maximal  ( O l e f s k y ,  1 9 7 5 ) .  I n c r e a s e d  i n ­

s u l i n  b i n d i n g  r e s u l t s  in  i n c r e a s e d  c e l l u l a r  r e s p o n s i v e n e s s  

o n l y  up t o  a c r i t i c a l  l e v e l  o f  r e c e p t o r  o c c u p a n c y .  A f t e r

r
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t h e  c c i t i c a l  l e v e l  o f  o c c u p a n c y  i s  r e a c h e d , no f u r t h e r  

i n c r e a s e  in  c e l l u l a r  r e s p o n s i v e n e s s  i s  o b s e r v e d  s i n c e  

p o s t r e c e p t o r  e v e n t s  become t h e  r a t e  l i m i t i n g  s t e p s  i n  i n ­

s u l i n  a c t i o n  ( O l e f s k y  & C i a r a l d i ,  1 9 8 1 ) .  Our p r e v i o u s  

s t u d i e s  (Sm i th  e t  a l . ,  1986) i n d i c a t e d  t h a t  o c c u p a n c y  o f  

b o t h  b o v i n e  h e p a t i c  and mammary i n s u l i n  r e c e p t o r s  (K<j *

7 . 6  x 1 0 " 1 0M and 9 . 6  x 10-U-M, r e s p e c t i v e l y )  s h o u ld  ex ceed  

10% a t  p h y s i o l o g i c a l  c o n c e n t r a t i o n s  o f  p la sm a  i n s u l i n  ( 1 .4  

x 10 "10M) in  t h e  d a i r y  cow. H ence ,  t h e  " s p a r e  r e c e p t o r "  

t h e o r y  would p r e d i c t  maximal s t i m u l a t i o n  o f  b o v i n e  l i v e r  

and mammary t i s s u e  by  norm al  p la sm a  i n s u l i n  l e v e l s  in  o r ­

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

In  a d d i t i o n ,  s t r u c t u r a l  a r r a n g e m e n t  o f  i n s u l i n  r e c e p ­

t o r s  in  t h e  p la sm a  membrane may a f f e c t  t i s s u e  r e s p o n s i v e ­

n e s s .  Rat  h e p a t o c y t e s  p o s s e s s  a p p r o x i m a t e l y  f i v e  t im e s  

more i n s u l i n  r e c e p t o r s  t h a n  do r a t  a d i p o c y t e s  ( O l e f s k y  6 

C i a r a l d i ,  1981) ;  y e t ,  r a t  l i v e r  i s  l e s s  s e n s i t i v e  t o  i n s u ­

l i n  t h a n  r a t  a d i p o s e  t i s s u e  ( J a r e t t  e t  a l . ,  1 9 8 0 ) .  J a r e t t  

e t  a l .  (1980) r e p o r t e d  t h a t  i n s u l i n  r e c e p t o r s  on r a t  

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

i n s u l i n  r e c e p t o r s  on r a t  h e p a t o c y t e s  a r e  p r i m a r i l y  s o l i ­

t a r y .  They p r o p o s e d  t h a t  t h e  p r e s e n c e  o f  r e c e p t o r  g r o u p s  

on r a t  a d i p o c y t e s  c o u l d  i n c r e a s e  t h e  p r o b a b i l i t y  o f  r e c e p ­

t o r  c r o s s - l i n k i n g ,  which  i s  t h o u g h t  t o  i n t e n s i f y  i n s u l i n
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a c t i o n ,  and t h e r e b y  i n c r e a s e  t h e  s e n s i t i v i t y  o f  a d i p o c y t e s  

t o  i n s u l i n  { J a r e t t  e t  a l . ,  1 9 8 0 ) .

F i n a l l y ,  i t  s h o u ld  be  n o te d  t h a t  i n s u l i n  b i n d i n g  to  

t h e  t o t a l  m ic ro so m a l  f r a c t i o n  d o e s  n o t  n e c e s s a r i l y  r e f l e c t  

i n s u l i n  b i n d i n g  to  t h e  p lasm a  membrane o f  t h e  c e l l .  Krupp 

and Lane (1981) found t h a t  c h r o n i c  e x p o s u r e  o f  c h i c k  l i v e r  

c e l l s  t o  i n s u l i n  c a u s e d  d o w n - r e g u l a t i o n  o f  t h e  number o f  

i n s u l i n  r e c e p t o r s  in  t h e  p lasm a  membrane,  b u t  had no e f ­

f e c t  on th e  t o t a l  number o f  c e l l u l a r  r e c e p t o r s .  However ,  

K e l l y  e t  a l .  (1974)  d id  d e t e c t  s i g n i f i c a n t  d i f f e r e n c e s  in  

i n s u l i n  b i n d i n g  by l i v e r  m ic rosom es  from r a t s  and g u i n e a  

p i g s  in  v a r i o u s  p h y s i o l o g i c a l  s t a t e s .  W hi le  t h e  l a t t e r  

s tudy ,  s u g g e s t s  t h a t  a l t e r a t i o n s  in  c e l l u l a r  i n s u l i n  b i n d ­

ing can be d e t e c t e d  u s in g  m ic ro s o m e s ,  t h e  r e s u l t s  o f  Krupp 

and Lane (1981) s u g g e s t  t h a t  c a u t i o n  m ust  be e x e r c i s e d  in 

making i n f e r e n c e s  a b o u t  i n s u l i n  b i n d i n g  to  t h e  p lasm a 

membrane s o l e l y  on t h e  b a s i s  o f  i n s u l i n  b i n d i n g  d a t a  

g e n e r a t e d  u s in g  th e  m ic ro so m a l  m o d e l .

At t h e  t im e  t h i s  work was c o n d u c t e d ,  i n s u l i n  r e c e p ­

t o r s  had been i d e n t i f i e d  in  b o v i n e  l i v e r  p lasm a membranes 

(Rosen e t  a l . ,  1979) ;  h o w e v e r ,  i n f o r m a t i o n  c o n c e r n i n g  i n ­

s u l i n  r e c e p t o r s  in  o t h e r  b o v in e  membranes was l a c k i n g .
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S i n c e  t h e n ,  i n s u l i n  r e c e p t o r s  h a v e  been  i d e n t i f i e d  in  bo­

v i n e  l i v e r  m ic ro so m es  (Smith  e t  a l . ,  1 9 8 6 ) ,  mammary m i c r o ­

somes (O scar  e t  a l . ,  1986; s m i t h  e t  a l . ,  1 9 8 6 ) ,  and mam­

mary smooth  membranes (Oscar  e t  a l . ,  1 9 8 6 ) .  I n s u l i n  

r e c e p t o r s  h a v e  a l s o  been  d e s c r i b e d  in  b o v i n e  a d i p o c y t e s  

(Vernon e t  a l . ,  1 9 8 5 ) .

W hi le  t h e s e  s t u d i e s  hav e  p r o v i d e d  d i r e c t  m e a s u re m e n ts  

o f  i n s u l i n  r e c e p t o r s  in  b o v i n e  t i s s u e s ,  t h e y  h a v e  n o t  a l ­

lowed c o n c l u s i o n s  a b o u t  t i s s u e  r e s p o n s i v e n e s s  t o  i n s u l i n .  

However,  i n s u l i n  b i n d i n g  d a t a ,  w h e th e r  in  membranes o r  

c e l l s ,  i s  i m p o r t a n t  f o r  u n d e r s t a n d i n g  i n s u l i n  a c t i o n  in  

b o v i n e  t i s s u e s .  F u r t h e r  work c o n c e r n i n g  p o s t r e c e p t o r  

m echan ism s  o f  i n s u l i n  a c t i o n ,  s t r u c t u r a l  a r r a n g e m e n t  o f  

r e c e p t o r s  in  t h e  p la sm a  membrane,  c e l l u l a r  d i s t r i b u t i o n  o f  

r e c e p t o r s ,  and m e t a b o l i c  r e s p o n s e  in  r e l a t i o n  to  i n s u l i n  

b i n d i n g  w i l l  be needed  b e f o r e  i n s u l i n  b i n d i n g  d a t a  can  be 

a c c u r a t e l y  i n t e r p r e t e d  in  t e rm s  o f  t i s s u e  r e s p o n s i v e n e s s .
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CHAPTER IV

E f f e c t  o f  D i e t a r y  F a t  and L a c t a t i o n  S t a t u s  on I n s u l i n  

B in d in g  t o  Bov ine  M ilk  F a t  G lo b u le  Membranes

INTRODUCTION

The d e g r e e  t o  which a  c e l l  w i l l  r e sp o n d  t o  a hormone 

d e p en d s  on i t s  e f f e c t i v e  hormone r e c e p t o r  c o n c e n t r a t i o n .  

E f f e c t i v e  hormone r e c e p t o r  c o n c e n t r a t i o n  may be  d e f i n e d  a s  

t h e  number o f  hormone r e c e p t o r s  p e r  c e l l  c a p a b l e  o f  i n t e r ­

a c t i n g  w i t h  t h e  hormone to  e l i c i t  an i n t r a c e l l u l a r  

r e s p o n s e .  T h i s  c o n c e n t r a t i o n  i s  a f u n c t i o n  o f  b o t h  t h e  

number o f  c e l l  s u r f a c e  r e c e p t o r s  a v a i l a b l e  f o r  b i n d i n g  and 

t h e  b i n d i n g  a f f i n i t y  o f  t h e s e  r e c e p t o r s  f o r  t h e i r  hormone 

( 2 5 ) .

E f f e c t i v e  hormone r e c e p t o r  c o n c e n t r a t i o n  o f  a c e l l  i s  

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

c h a n g e s  o c c u r r i n g  w i t h i n  t h e  o r g a n i s m .  In  t h e  c a s e  o f  t h e  

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

a f f e c t i n g  r e c e p t o r  r e g u l a t i o n  in  t h e  normal  c e l l  i s  p lasm a 

i n s u l i n  c o n c e n t r a t i o n  ( 1 ) .  H y p e r i n s u l i n e m i a  i n d u c e s  down



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

t e c t i n g  t h e  c e l l  from o v e r s t i m u l a t i o n  by  i n s u l i n .  Con­

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

r e c e p t o r s ,  p r e v e n t i n g  u n d e r s t i m u l a t i o n  ( 1 ) .

Many p h y s i o l o g i c a l  and e n v i r o n m e n t a l  f a c t o r s ,  su c h  a s  

c i r c u l a t i n g  hormone c o n c e n t r a t i o n s  ( e x t r a i n s u l i n )  (12 ,

2 0 ) ,  d e g r e e  o f  p h y s i c a l  t r a i n i n g  ( 1 6 ) ,  d i s e a s e  ( 1 ) ,  o b e s i ­

t y  ( 2 3 ) ,  e n e r g y  i n t a k e  ( 2 4 ) ,  and d i e t a r y  c a r b o h y d r a t e  i n ­

t a k e  ( 2 7 ) ,  a f f e c t  i n s u l i n  r e c e p t o r  r e g u l a t i o n  by a l t e r i n g  

p lasm a i n s u l i n  c o n c e n t r a t i o n .  Growth s t a t u s  ( 2 6 ) ,  ag e

( 2 8 ) ,  and d i e t a r y  f a t  i n t a k e  (25) hav e  been  shown to  r e g u ­

l a t e  i n s u l i n  r e c e p t o r s  i n d e p e n d e n t l y  o f  p lasm a i n s u l i n  

c o n c e n t r a t i o n .  High d i e t a r y  f a t  i n t a k e  h a s  been  i m p l i ­

c a t e d  in  d e f e c t i v e  s y n t h e s i s  o f  l i v e r  p lasm a  membrane 

g l y c o p r o t e i n s  (7) by d e p r e s s i n g  t h e  a c t i v i t i e s  o f  h e p a t i c  

g a l a c t o s y l  and s i a l y l t r a n s f e r a s e s  ( 3 7 ) .  S i n c e  t h e  i n s u l i n  

r e c e p t o r  i s  a g l y c o p r o t e i n  ( 1 0 ) ,  d i e t a r y  f a t  i n t a k e  may 

r e s u l t  in  d e f e c t i v e  i n s u l i n  r e c e p t o r  s y n t h e s i s  by  t h e  

c e l l ,  and h e n c e ,  d e c r e a s e d  i n s u l i n  b i n d i n g .

I n s u l i n  r e c e p t o r s  have  b een  c h a r a c t e r i z e d  in  b o v i n e  

mammary m ic ro so m es  ( 3 4 ) .  However ,  i n s u l i n  b i n d i n g  to  mam­

mary m ic ro s o m a l  p r e p a r a t i o n s  from l a c t a t i n g  a n i m a l s  was 

h i g h l y  v a r i a b l e  ( c o e f f i c i e n t  o f  v a r i a t i o n  » 92%, n ■ 6 ) .  

E x a m in a t io n  o f  t h e  r e l a t i o n s h i p  b e tw een  i n s u l i n  b i n d i n g  to
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b o v i n e  mammary t i s s u e  and l a c t a t i o n  s t a t u s  ( s t a g e  o f  l a c ­

t a t i o n  and m i l k  y i e l d )  c o u ld  p r o v i d e  i n f o r m a t i o n  r e g a r d i n g  

i n s u l i n ' s  r o l e  in  m e ta b o l i s m  o f  t h e  r u m i n a n t  mammary 

g l a n d .  U n f o r t u n a t e l y ,  a l a r g e  amount  o f  mammary t i s s u e  

(3 -1 0  g) i s  r e q u i r e d  t o  p r e p a r e  a s u f f i c i e n t  q u a n t i t y  o f  

m ic rosom es  f o r  i n s u l i n  r e c e p t o r  a n a l y s i s  ( u n p u b l i s h e d  ob­

s e r v a t i o n )  . S in c e  t h e  r e q u i r e d  amount  o f  t i s s u e  can  be 

o b t a i n e d  o n l y  by  s l a u g h t e r ,  which i s  c o s t l y ,  o r  m a s s iv e  

mammary g l a n d  b i o p s y ,  which  j e o p a r d i z e s  s u b s e q u e n t  mammary 

h e a l t h  and f u n c t i o n  ( 1 8 ) ,  s u r v e y  i n v e s t i g a t i o n  o f  i n s u l i n  

b i n d i n g  t o  mammary m ic rosom es  i s  u n f e a s i b l e .  F u r t h e r m o r e ,  

n e i t h e r  method r e a d i l y  p e r m i t s  r e p e a t  s a m p l in g  o f  i n d i ­

v i d u a l  a n i m a l s .

An a l t e r n a t e  s o u r c e  o f  mammary c e l l  membranes i s
i

m i l k .  When m i lk  f a t  d r o p l e t s  a r e  s e c r e t e d  from t h e  mam­

mary e p i t h e l i a l  c e l l  i n t o  t h e  a l v e o l a r  lumen,  t h e y  a r e  

e n c a s e d  in  a  p o r t i o n  o f  t h e  c e l l ' s  a p i c a l  p la sm a  membrane 

( 1 9 ) .  These  membranes ,  r e f e r r e d  to  a s  m i lk  f a t  g l o b u l e  

membranes  (MFGM), can  be e a s i l y  i s o l a t e d  from m i lk  in  

l a r g e  q u a n t i t i e s  ( 2 ) .  F l i n t  and West (3) r e p o r t e d  t h e  

p r e s e n c e  o f  an i n s u l i n  r e c e p t o r  i n  MFGM i s o l a t e d  from 

m u r in e  and c a p r i n e  m i l k .  S i n c e  MFGM a r e  d e r i v e d  from t h e  

a p i c a l  p lasm a membrane o f  t h e  mammary c e l l ,  f l u c t u a t i o n s
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i n  i n s u l i n  b i n d i n g  t o  t h e s e  membranes may r e f l e c t  f l u c t u a ­

t i o n s  in  i n s u l i n  b i n d i n g  to  t h e  mammary e p i t h e l i a l  c e l l .

We i n i t i a t e d  a s t u d y  o f  i n s u l i n  b i n d i n g  to  b o v in e  

MFGM i n  o r d e r  t o  examine th e  r e l a t i o n s h i p  b e tw een  i n s u l i n  

b i n d i n g  and l a c t a t i o n  s t a t u s  o f  t h e  cow and t o  d e t e r m in e  

i f  i n s u l i n  b i n d i n g  to  MFGM i s  m o d u la te d  by d i e t a r y  

p a r a m e t e r s ,  p a r t i c u l a r l y  d i e t a r y  f a t  i n t a k e .

MATERIALS AND METHODS

E x p e r im e n ta l  A n im a l s . Two s t u d i e s  were p e r f o r m e d .

In S tu d y  1, 16 l a c t a t i n g  cows were randomly  c h o se n  from 

t h e  OARDC m i l k i n g  h e rd  t o  e v a l u a t e  t h e  r e l a t i o n s h i p  

be tween  i n s u l i n  b i n d i n g  to  MFGM and l a c t a t i o n  s t a t u s  

( s t a g e  o f  l a c t a t i o n  and l e v e l  o f  m i lk  p r o d u c t i o n ) . In 

S tudy  2 ,  14 l a c t a t i n g  cows,  which were  c o n c u r r e n t l y  p a r t  

o f  a s t u d y  to  e v a l u a t e  t h e  e f f e c t  o f  d i e t a r y  f a t  on m i lk  

and m i lk  f a t  p r o d u c t i o n ,  were  c h o sen  to  e v a l u a t e  t h e  e f ­

f e c t  o f  d i e t a r y  f a t  on i n s u l i n  b i n d i n g  to  MFGM.

In t h e  d i e t a r y  s t u d y ,  ea c h  t r e a t m e n t  g roup  r e c e i v e d  

e q u a l  amounts  o f  a l f a l f a  hay and a s t a n d a r d  c o n c e n t r a t e  

mix composed o f  g round  c o r n ,  s u p p l e m e n t a l  p r o t e i n  as  s o y ­

bean  meal  and d r i e d  d i s t i l l e r s  g r a i n s ,  and s u p p le m e n t a l  

v i t a m i n s  and m i n e r a l s  b a l a n c e d  to  m ee t  N a t i o n a l  R esea rch
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C o u n c i l  r e q u i r e m e n t s  ( 2 1 ) .  Added d i e t a r y  f a t  ( U n i f a t  M- 

37) to o k  t h e  p l a c e  o f  c o r n  in  t h e  c o n c e n t r a t e  m ix .  The 

t r e a t m e n t s  were  a s  f o l l o w s :  0 ( N - 8 ) ,  6 ( n - 2 ) , 8 ( n - 2 ) ,

and 12 (n«2) p e r c e n t  f a t  i n  t h e  c o n c e n t r a t e  m ix .  I n i t i a l ­

l y ,  two a n i m a l s  were  a l l o t t e d  t o  ea ch  t r e a t m e n t  g r o u p ;  

h o w e v e r ,  s i x  c o n t r o l  a n i m a l s  l a t e r  became a v a i l a b l e  and 

were  i n c l u d e d  in  t h e  a n a l y s i s  t o  i n c r e a s e  sa m p le  s i z e .

A l l  m i l k  s a m p le s  w ere  t a k e n  a f t e r  a d i e t a r y  a d j u s t m e n t  

p e r i o d  o f  2 wk.

L a b o r a t o r y  P r o c e d u r e s . Morning m i l k  s a m p le s  were 

o b t a i n e d  from a l l  cows .  The MFGM were  p r e p a r e d  from t h e  

f r e s h ,  u n c o o le d  m i l k  s am p le s  u s i n g  250 mM s u c r o s e ,  2 mM 

M9C I 2 * pH 7 . 5  a c c o r d i n g  t o  Dowben e t  a l .  (2) e x c e p t  t h a t  

a l l  i n i t i a l  wash s t e p s  were  e x e c u t e d  a t  20°C i n s t e a d  of  

35°C. T h i s  m o d i f i c a t i o n  was t o  h i n d e r  i n s u l i n  r e c e p t o r  

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

( 2 5 ) .  F r e s h l y  i s o l a t e d  MFGM w ere  d i l u t e d  in  i c e d  50 mM 

T r i s  ( h y d ro x y m e th y l )  am inom ethane  ( T r i s - H C l ) , 10 mM CaCl2 

b u f f e r ,  pH 7 . 5  a t  4°C and membrane p r o t e i n  c o n t e n t  mea­

s u r e d  a c c o r d i n g  to  Lowry e t  a l .  (17) u s i n g  b o v i n e  serum 

a lb u m in  (BSA; M i l e s  B i o c h e m i c a l ,  E l k h a r t ,  IN) a s  a s t a n ­

d a r d .  A l l  b i n d i n g  s t u d i e s  were  done  u s i n g  f r e s h  MFGM 

p r e p a r a t i o n s .
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Foe i n s u l i n  b i n d i n g  s t u d i e s ,  t 12 5 i ]  i n s u l i n  ( s p e c i f i c  

a c t i v i t y  « 1 2 0 .2  + 2 2 .8  y C i /y g )  was s y n t h e s i z e d  w i t h  c a r ­

r i e r - f r e e  Na 125! i n  0 . 1  NaOH (350 -  600 mCi/ral) (Hew En­

g l a n d  N u c l e a r ,  B o s t o n ,  MA) and b o v i n e  c r y s t a l l i n e  i n s u l i n  

(2 6 .6  U/mg) ( c o u r t e s y  o f  W. F i e l d s ,  E l i  L i l l y  Co .)  u s in g  

c h l o r a m i n e  T (Sigma Chem ica l  C o . ,  S t .  L o u i s ,  MO) (4) a s  

d e s c r i b e d  e l s e w h e r e  ( 3 4 ) .  The r a d i o l a b e l e d  p r e p a r a t i o n  

was r e g a r d e d  s u i t a b l e  f o r  b i n d i n g  s t u d i e s  i f  :> 95% o f  t h e  

t r a c e r  c o u l d  be p r e c i p i t a t e d  w i th  10% TCA and :> 93% o f  t h e  

t r a c e r  c o u l d  be i m m u n o p r e c i p i t a t e d  u s i n g  g u i n e a  p ig  a n -  

t i b o v i n e  i n s u l i n  serum (M ile s  B i o c h e m i c a l ,  E l k h a r t ,  IN ) .

To d e t e r m i n e  t o t a l  [125x] i n s u l i n  b i n d i n g ,  MFGM 

(500 jig Lowry p r o t e i n )  were added t o  .6  ng ( . 1  pmole)

[1 2 5 i ]  i n s u l i n  in  50 mM T r i s - H C l ,  .1% BSA, 1 mM b a c i t r a c i n  

(Sigma C h em ica l  C o . ,  S t .  L o u i s ,  MO), pH 8 . 0  a t  20°C in  a 

f i n a l  volume o f  1 m l .  N o n s p e c i f i c  i n s u l i n  b i n d i n g  was 

m easu red  in  p a r a l l e l  i n c u b a t i o n s  c o n t a i n i n g  an a d d i t i o n a l  

50 yq ( 8 . 3  nmole) u n l a b e l e d  i n s u l i n .  A l l  i n c u b a t i o n s  were 

c o n d u c te d  in  12 x 75 mm p o l y p r o p y l e n e  t e s t  t u b e s  i n  q u i n -  

t u p l i c a t e  a t  20°C f o r  4 . 5  h .  I n c u b a t i o n s  w ere  hand a g i ­

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

The t im e  and t e m p e r a t u r e  c o n d i t i o n s  employed were  p r e ­

v i o u s l y  d e t e r m i n e d  t o  be o p t i m a l  f o r  t h e  e s t a b l i s h m e n t  o f
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e q u i l i b r i u m  b i n d i n g  t o  t h e  i n s u l i n  r e c e p t o r  o f  b o v i n e  mam­

mary m ic ro so m es  ( 3 4 ) .

I n c u b a t i o n s  w ere  t e r m i n a t e d  by a d d in g  2 ml i c e - c o l d  

T r i s - H C l ,  BSA b u f f e r  t o  e a c h  t u b e .  Bound v s  f r e e  r a d i o a c ­

t i v i t y  w ere  s e p a r a t e d  by c e n t r i f u g a t i o n  a t  19*600 x g f o r  

30 min a t  4°C. The r e s u l t i n g  s u p e r n a t a n t s  were  d e c a n t e d ,  

t h e  t u b e s  d r a i n e d ,  and  t h e  i n s i d e  w a l l s  o f  e a c h  t u b e  above 

t h e  MFGM p e l l e t  b l o t t e d  w i t h  a b s o r b e n t  p a p e r .  P e l l e t s  

w ere  c o u n te d  f o r  10 min in  a gamma c o u n t e r  (N u c le a r  C h i c a ­

go 1185 S e r i e s ,  A u to m a t ic  Gamma C o u n t in g  System) o p e r a t i n g  

a t  an a v e r a g e  e f f i c i e n c y  o f  75% t o  a s s e s s  b o u n d ,  r a d i o l a ­

b e l e d  i n s u l i n .  T o t a l  b i n d i n g  r e f e r s  to  t h e  r a d i o a c t i v i t y  

( c o u n t s )  bound to  t h e  MFGM p e l l e t  i n  t h e  a b s e n c e  o f  e x ­

c e s s ,  u n l a b e l e d  i n s u l i n .  N o n s p e c i f i c  b i n d i n g  r e f e r s  t o  

t h e  r a d i o a c t i v i t y  bound t o  t h e  p e l l e t  i n  t h e  p r e s e n c e  o f  

e x c e s s ,  u n l a b e l e d  i n s u l i n ,  i . e ,  n o n r e c e p t o r  b i n d i n g .  

S p e c i f i c  b i n d i n g ,  i . e . ,  r e c e p t o r  b i n d i n g ,  was o b t a i n e d  by 

s u b t r a c t i n g  n o n s p e c i f i c  b i n d i n g  from t o t a l  b i n d i n g  and i s  

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

added to  e a c h  i n c u b a t i o n .

S t a t i s t i c a l  A n a l y s i s , in  S tu d y  1, p e r c e n t  s p e c i f i c  

i n s u l i n  b i n d i n g  was r e g r e s s e d  in  a s t e p w i s e  manner  (22) on 

th e  f o l l o w i n g  v a r i a b l e s :  d a i l y  m i l k  y i e l d  ( k g ) , s t a g e  of



l a c t a t i o n  ( d ) , b r e e d  ( H o l s t e i n  v s  J e r s e y ) , ag e  ( y r ) , l a c ­

t a t i o n  num ber ,  d a i l y  m i l k  f a t  y i e l d  ( k g ) ,  m i lk  f a t  p e r ­

c e n t ,  d a i l y  m i l k  p r o t e i n  y i e l d  ( k g ) , m i l k  p r o t e i n  p e r c e n t ,  

b r e e d i n g  s t a t u s  ( p r e g n a n t  v s  o p e n ) , body  w e ig h t  ( k g ) , 

m e t a b o l i c  body s i z e  (body w e i g h t * * ^ ) ,  and mammary h e a l t h  

( m a s t i t i c  vs  n o n m a s t i t i c )  .

In  t h i s  a n a l y s i s ,  none  o f  t h e  i n d e p e n d e n t  v a r i a b l e s  

w ere  r e s p o n s i b l e  f o r  t h e  v a r i a t i o n  in  p e r c e n t  s p e c i f i c  

i n s u l i n  b i n d i n g .  Only d a i l y  m i l k  y i e l d  had a m a r g i n a l  

e f f e c t  ( r2  ■ . 1 3 ,  P ■ . 1 8 ) .  S i n c e  t h e  16 a n i m a l s  in  S tu d y  

1 w ere  ran d o m ly  s e l e c t e d  from t h e  m i l k i n g  h e r d ,  a wide 

r a n g e  in  m i l k  p r o d u c t i o n  among t h e s e  a n i m a l s  was n o t  i n ­

s u r e d .  I n d i v i d u a l  m i lk  y i e l d s  f o r  t h e s e  cows o n l y  r a n g ed  

from 3 .4  t o  2 8 . 2  k g / d  ( 1 4 .3  + 6 . 9  k g / d ,  mean SE) . A 

l a c k  o f  h i g h  p r o d u c i n g  cows in  o u r  sam ple  c o u l d  have  a c ­

c o u n t e d  f o r  t h e  f a i l u r e  t o  d e t e c t  a r e l a t i o n s h i p  b e tw e en  

m i lk  p r o d u c t i o n  and i n s u l i n  b i n d i n g .  I n d i v i d u a l  m i lk  

y i e l d s  f o r  c o n t r o l  cows (no added  d i e t a r y  f a t )  in  S tu d y  2 

r a n g e d  from 1 3 .0  t o  4 1 .1  k g / d  w i t h  a mean d a i l y  p r o d u c t i o n  

o f  31 .9  + 9 . 0  k g / d .  In  o r d e r  t o  expand t h e  m i l k  p r o d u c ­

t i o n  r a n g e  a s  w e l l  a s  t o  i n c r e a s e  sam p le  s i z e ,  t h e  b i n d i n g  

d a t a  from S tu d y  1 was p o o le d  w i t h  t h e  b i n d i n g  d a t a  o f  t h e  

c o n t r o l  cows o f  S tu d y  2 and t h e  r e g r e s s i o n  a n a l y s e s  

r e p e a t e d .
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In S tu d y  2 ,  t h e  e f f e c t  o f  d i e t a r y  f a t  on p e r c e n t  

s p e c i f i c  i n s u l i n  b i n d i n g ,  d a i l y  m i l k  y i e l d ,  d a i l y  m i lk  f a t  

y i e l d ,  and d a i l y  m i l k  p r o t e i n  y i e l d  was a n a l y z e d  u s in g  th e  

l e a s t  s q u a r e s  a n a l y s i s  o f  v a r i a n c e  ( 6 ) .  When t r e a t m e n t  

e f f e c t  was s i g n i f i c a n t  ( P < 0 . 1 ) ,  D u n c a n ' s  m u l t i p l e  r an g e  

t e s t  (35) was used  to  s e p a r a t e  t h e  m eans .

RESULTS

T a b le  4 l i s t s  s im p le  c o r r e l a t i o n s  be tw een  p e r c e n t  

s p e c i f i c  i n s u l i n  b i n d i n g  to  MFGM and v a r i o u s  p h y s i o l o g i c a l  

f a c t o r s  f o r  t h e  p o o led  s p e c i f i c  b i n d i n g  d a t a  o f  cows in  

S tudy  1 and S tu d y  2.  The o n l y ' v a r i a b l e  c o r r e l a t e d  w i th  

p e r c e n t  s p e c i f i c  i n s u l i n  b i n d i n g  was d a i l y  m i lk  y i e l d  [ r ?

■ . 2 0 ,  Sy*x ( s t a n d a r d  e r r o r  o f  t h e  e s t i m a t e )  -  . 8 1 ,

P < .0 5 ] .  The m u l t i p l e  r e g r e s s i o n  a n a l y s i s  y i e l d e d  t h e  f o l ­

lowing p r e d i c t i o n  e q u a t i o n :

Y -  .880  + .034 X, 

where Y ■ p e r c e n t  s p e c i f i c  i n s u l i n  b i n d i n g  to  MFGM and X = 

d a i l y  m i l k  y i e l d  ( k g ) . A l though  t h e  l e v e l  o f  d a i l y  m i lk  

p r o d u c t i o n  i n f l u e n c e d  i n s u l i n  b i n d i n g  to  MFGM, i t  a c ­

c o u n te d  f o r  o n l y  20% o f  t h e  v a r i a b i l i t y  in  b i n d i n g .  

T h e r e f o r e ,  m i lk  p r o d u c t i o n  a l o n e  i s  n o t  a d e q u a t e  t o  p r e ­

d i c t  a c c u r a t e l y  p e r c e n t  s p e c i f i c  i n s u l i n  b i n d i n g  to  MFGM.

r
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T a b le  4 .  S im p le  c o r r e l a t i o n  be tw een  p e r c e n t  s p e c i f i c
i n s u l i n  b i n d i n g  to  m i l k  f a t  g l o b u l e  membranes 
(MFGM) and p h y s i o l o g i c a l  v a r i a b l e s .

V a r i a b l e C o r r e l a t i o n  C o e f f i c i e n t  ( r )

S t a g e  o f  L a c t a t i o n .24
Breed - . 1 1
Age o f  Cow - . 0 9
L a c t a t i o n  Number - . 0 7
D a i l y  Milk  Y ie ld .44*
D a i l y  Milk  F a t  Y ie ld .16
Milk  F a t  P e r c e n t a g e - . 0 7
D a i l y  Milk P r o t e i n  Y ie ld .38
M ilk  P r o t e i n  P e r c e n t a g e - . 0 8
Body Weight .04
Mammary H e a l t h  ( M a s t i t i s ) - . 1 5
B re e d in g  S t a t u s  ( P r e g n a n t  vs Open) .21
M e ta b o l i c  Body S i z e .05

* P < . 05
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I t  s h o u ld  be n o te d  t h a t  t h e  e £ f e c t  o f  d a i l y  m i lk  p r o ­

d u c t i o n  on p e r c e n t  s p e c i f i c  i n s u l i n  b i n d i n g  was s i g n i f i ­

c a n t  (P< .05)  o n l y  when t h e  c o n t r o l  a n i m a l s  o f  S tu d y  2 were  

i n c l u d e d  in  t h e  a n a l y s i s .  F a i l u r e  t o  d e t e c t  a r e l a t i o n ­

s h i p  b e tw een  m i lk  p r o d u c t i o n  and s p e c i f i c  b i n d i n g  in  S tudy  

1 p r o b a b l y  r e s u l t e d  from t h e  l i m i t e d  r a n g e  in  m i l k  p r o d u c ­

t i o n  e x h i b i t e d  by t h e s e  cows .  I n c l u s i o n  o f  t h e  c o n t r o l  

cows o f  S tu d y  2 in  t h e  a n a l y s i s  b ro a d e n e d  t h e  m i lk  p r o d u c ­

t i o n  r a n g e  so t h a t  a r e l a t i o n s h i p  c o u ld  be  d e t e c t e d .

The e f f e c t s  o f  d i e t a r y  f a t  on i n s u l i n  b i n d i n g  and 

p r o d u c t i o n  p a r a m e t e r s  a r e  summarized in  T a b le  5 .  D i e t a r y  

f a t  had a s i g n i f i c a n t  (P< .06)  e f f e c t  on s p e c i f i c  i n s u l i n  

b i n d i n g  to  MFGM, b u t  had no e f f e c t  on any  o f  t h e  p r o d u c ­

t i o n  v a r i a b l e s .  S p e c i f i c  i n s u l i n  b i n d i n g  i n c r e a s e d  w i th  

i n c r e a s i n g  d i e t a r y  f a t  up to  a l e v e l  o f  8% a d d i t i o n a l  f a t  

in  t h e  c o n c e n t r a t e  m ix .  T h e r e a f t e r  (12% f a t  in  t h e  co n ­

c e n t r a t e  mix) , a d d i t i o n a l  f a t  had no a d d i t i o n a l  e f f e c t  on 

s p e c i f i c  b i n d i n g .

L i n e a r  r e g r e s s i o n  o f  p e r c e n t  a d d i t i o n a l  f a t  in  t h e  

c o n c e n t r a t e  mix on i n s u l i n  b i n d i n g  to  MFGM ( F i g u r e  12) 

y i e l d e d  t h e  f o l l o w i n g  e q u a t i o n :

Y ■ 2 .0 6  + .21  X (r2  -  . 4 7 ,  P<.01)

r



83

T a b le  5 .  The e £ f e c t  o f  a d d i t i o n a l  d i e t a r y  f a t  on s p e c i f i c  
i n s u l i n  b i n d i n g  to  MFGM, d a i l y  m i l k  y i e l d t d a i l y  
m i l k  f a t  y i e l d , and d a i l y  p r o t e i n  y i e l d . *

I tem

D i e t a r y  F a t  L e v e l  Added 
-  -  -  -  The C o n c e n t r a t e  (%)- 

0 6 8

TO

12
• •  mm

SEM**

Number o f  Cows 8 2 2 2 - -

S p e c i f i c  I n s u l i n  
B in d in g  to  MFGM 

(%)

2 . 0 2 ° 3 . 2 1 ab 4 . 38b 4 . 1 9 b .37

D a i l y  M ilk  Y ie ld  
(kg)

3 2 .7 2 9 .9 3 4 .2 2 1 . 0 2 .38 .
(NS)f

D a i l y  F a t  Y ie ld  
(kg)

.65 .85 • 42 .43 .09
(NS)

D a i l y  P r o t e i n  
Y i e l d  (kg)

.94 .86 1 .0 5 .63 .07
(NS)

L e a s t  s q u a r e  means.
* * S ta n d a r d  e r r o r  o f  t h e  mean, 
i  N o n s i g n i f i c a n t .
abMeans in  t h e  same row w i t h  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  

(P<.06)  .
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ADDITIONAL FAT IN THE CONCENTRATE (%)
F i g u r e  12 .  R e l a t i o n s h i p  b e tw ee n  p e r c e n t  
a d d i t i o n a l  f a t  i n  t h e  c o n c e n t r a t e  mix and 
p e r c e n t  s p e c i f i c  125I - i n s u l i n  b i n d i n g  t o  
MFGM.
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w here  Y ■ p e r c e n t  s p e c i f i c  i n s u l i n  b i n d i n g  to  MFGM and X ■ 

p e r c e n t  a d d i t i o n a l  f a t  in  t h e  c o n c e n t r a t e  m ix .  The i n t e r ­

c e p t  o f  2 .0 6  c l o s e l y  c o r r e s p o n d s  t o  t h e  mean p e r c e n t  

s p e c i f i c  b i n d i n g  f o r  t h e  c o n t r o l  cows o f  S tu d y  2 (2 .0 2  + 

.41%) c o n f i r m i n g  t h a t  a n i m a l s  r e c e i v i n g  a c o n v e n t i o n a l  

d i e t  (ca  3% f a t )  h av e  a b a s e l i n e  l e v e l  o f  a p p r o x i m a t e l y  

2.0% s p e c i f i c  i n s u l i n  b i n d i n g  t o  t h e i r  MFGM. The 

r e l a t i o n s h i p  b e tw een  f a t t y  a c i d s  i n g e s t e d  and p e r c e n t  

s p e c i f i c  i n s u l i n  b i n d i n g  ( F i g u r e  13) was a l s o  s i g n i f i c a n t  

( r ?  -  . 4 1 ,  PC .0 1 ) .

DISCUSSION

The o r i g i n  o f  t h e  i n s u l i n  r e c e p t o r s  in  t h e  MFGM i s  

unknown, b u t  t h e y  p r e s u m a b ly  o r i g i n a t e  from t h e  a p i c a l  

p lasm a  membrane o f  t h e  mammary s e c r e t o r y  c e l l  a lo n g  w i th  

t h e  MFGM i t s e l f .  From e x i s t i n g  know ledge  o f  t h e  dynam ics  

o f  c e l l u l a r  r e c e p t o r s  (32) , t h r e e  p o s s i b l e  r o u t e s  can  be 

p o s t u l a t e d  f o r  i n s u l i n  r e c e p t o r  d e p o s i t i o n  in  t h e  a p i c a l  

membrane:  1) in t r a m e m b ra n e  r e c e p t o r  d i f f u s i o n  from t h e

b a s o l a t e r a l  membranes;  2) i n t r a c e l l u l a r  r e c e p t o r  b i o s y n ­

t h e s i s  and a p i c a l  membrane i n s e r t i o n ;  and 3) i n t r a c e l l u l a r  

t r a n s l o c a t i o n  o f  r e c e p t o r s  from t h e  b a s o l a t e r a l  membranes .
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FATTY ACIDS INGESTED (kg/day)
F i g u r e  13 .  R e l a t i o n s h i p  b e tw e e n  kg f a t t y  a c i d s  
i n g e s t e d  an d  p e r c e n t  s p e c i f i c  i 2 5 I - i n s u l i n  
b i n d i n g  t o  MFGM.
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In t ram em brane  r e c e p t o r  d i f f u s i o n  from th e  b a s o l a t e r a l  

to  t h e  a p i c a l  s u r f a c e  i s  im p ro b a b le  due t o  t h e  i n t e r v e n i n g  

t i g h t  j u n c t i o n s  a t  t h e  a p i c a l  b o r d e r  o f  mammary e p i t h e l i a l  

c e l l s  ( 3 1 ) .  These  t i g h t  j u n c t i o n s  j o i n  n e i g h b o r i n g  c e l l s  

and p r e v e n t  b a s o a p i c a l  in t ram em b ran e  d i f f u s i o n  o f  membrane 

co m ponen ts .

R e c e p to r  b i o s y n t h e s i s  and s p e c i f i c  membrane i n s e r t i o n  

i s  p o s s i b l e  b u t  would imply  a f u n c t i o n a l  r o l e  f o r  t h e  i n ­

s u l i n  r e c e p t o r  a t  t h e  a p i c a l  s u r f a c e  o f  t h e  mammary c e l l .  

I n s u l i n  h a s  been  found in  m i lk  ( 1 4 ) ;  t h e r e f o r e ,  t h e  a p i c a l  

s u r f a c e  o f  t h e  mammary c e l l ,  and p r e su m a b ly  any  r e c e p t o r s  

t h e r e o n ,  i s  exposed  to  i n s u l i n .  A r e g u l a t o r y  r o l e  f o r  

m i lk  i n s u l i n  h a s  n o t  been  e s t a b l i s h e d ,  b u t  i n s u l i n  c o u ld  

p o t e n t i a l l y  t r i g g e r  i n t r a c e l l u l a r  e v e n t s  v i a  t h e  a p i c a l  

i n s u l i n  r e c e p t o r .  S in c e  t h e  t i g h t  j u n c t i o n s  s h o u ld  p r e ­

v e n t  p a r a c e l l u l a r  t r a n s p o r t  o f  i n s u l i n  i n t o  m i lk  ( 3 1 ) ,  

i n s u l i n  a p p e a r s  t o  be  s e c r e t e d  d i r e c t l y  i n t o  t h e  m i lk  by 

t h e  e p i t h e l i a l  c e l l .  T h e r e f o r e ,  i t  i s  d i f f i c u l t  t o  imag­

i n e  how m i lk  i n s u l i n  c o u ld  be an e f f e c t i v e  r e g u l a t o r  o f  

mammary c e l l  f u n c t i o n  v i a  i n s u l i n  r e c e p t o r s  on t h e  a p i c a l  

c e l l  s u r f a c e .

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

i s  i n t r a c e l l u l a r  t r a n s l o c a t i o n  o f  r e c e p t o r s  from t h e  

b a s o l a t e r a l  membrane.  In  g e n e r a l ,  t h e  i n s u l i n - r e c e p t o r

r
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complex i s  i n t e r n a l i z e d  w i t h i n  5 min o f  hormone b i n d i n g  

( 3 2 ) .  Complexes  u s u a l l y  l o c a l i z e  a t  t h e  ly so so m e s  where  

b o t h  i n s u l i n  and t h e  r e c e p t o r  may be  d e g r a d e d .  However ,  

r e c e p t o r  r e c y c l i n g  to  t h e  p la sm a  membrane can  o c c u r .  Re­

c e n t l y ,  King and J o h n so n  (13) p r o v i d e d  in  v i t r o  e v i d e n c e  

t h a t  i n t a c t  i n s u l i n - r e c e p t o r  co m p lex e s  a r e  r a p i d l y  i n t e r ­

n a l i z e d  from t h e  lum ena l  p la sm a  membrane o f  b o v i n e  e n ­

d o t h e l i a l  c e l l s  and u n i d i r e c t i o n a l l y  t r a n s l o c a t e d  t o  t h e  

e x t r a v a s c u l a r  membrane.  T h e i r  work i m p l i c a t e s  t h e  i n s u l i n  

r e c e p t o r  in  i n s u l i n  t r a n s p o r t  from t h e  b lo o d  to  t h e  t i s s u e  

s p a c e .

The mammary e p i t h e l i a l  c e l l ,  l i k e  t h e  e n d o t h e l i a l  

c e l l ,  i s  p o l a r i z e d  and d i s p l a y s  u n i d i r e c t i o n a l  t r a n s p o r t  

o f  s u b s t r a t e s  from t h e  b a s a l  t o  a p i c a l  s u r f a c e  ( 3 1 ) .  I t  

i s  p o s s i b l e  t h a t  mammary e p i t h e l i a l  c e l l s  a l s o  d i s p l a y  

u n i d i r e c t i o n a l  t r a n s l o c a t i o n  o f  i n s u l i n  r e c e p t o r s  from 

t h e i r  b a s o l a t e r a l  s u r f a c e  t o  t h e  a p i c a l  membrane.  Such 

t r a n s l o c a t i o n  c o u l d  a c c o u n t  f o r  t h e  i n s u l i n  r e c e p t o r  in  

MFGM a s  w e l l  a s  i n s u l i n  in  m i l k .  S e c r e t i o n  o f  i n s u l i n -  

r e c e p t o r  co m p lex e s  i n t o  t h e  a l v e o l a r  lumen by  t h e  c e l l  

m ig h t  r e p r e s e n t  a  s im p l e  a l t e r n a t i v e  t o  l y s o s o m a l  d e g r a d a ­

t i o n  o f  t h e  c o m p l e x .

In  S tu d y  1, d a i l y  m i l k  y i e l d  was found to  be p o s i ­

t i v e l y  a s s o c i a t e d  w i t h  s p e c i f i c  i n s u l i n  b i n d i n g  t o  MFGM.
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H ac t  e t  a l .  (5) have  d e m o n s t r a t e d  t h a t  p la sm a  i n s u l i n  c o n ­

c e n t r a t i o n  i s  i n v e r s e l y  r e l a t e d  t o  m i l k  p r o d u c t i o n  in  l a c -  

t a t i n g  c a t t l e .  S i n c e  p lasm a i n s u l i n  c o n c e n t r a t i o n  i s  a l s o  

i n v e r s e l y  r e l a t e d  t o  e f f e c t i v e  i n s u l i n  r e c e p t o r  c o n c e n t r a ­

t i o n  ( 2 5 ) ,  h i g h  i n s u l i n  b i n d i n g  t o  t h e  MFGM o f  h i g h  p r o ­

d u c i n g  d a i r y  c a t t l e  may r e f l e c t  up r e g u l a t i o n  o f  i n B u l i n  

r e c e p t o r s  i n  t h e  mammary g l a n d  in  r e s p o n s e  t o  

h y p o i n s u l i n e m i a •

J o n e s  e t  a l .  (11) examined i n s u l i n  m e t a b o l i s m  in  l a c -  

t a t i n g  and n o n l a c t a t i n g  r a t s .  They r e p o r t e d  t h a t  d u r i n g  

l a c t a t i o n ,  1125j ] i n s u l i n  u p t a k e  by t h e  g l a n d  was i n ­

c r e a s e d  1 2 - f o l d  and t h e  m e t a b o l i c  c l e a r a n c e  r a t e  o f  i n s u ­

l i n  was d o u b l e d .  F u r t h e r m o r e ,  [1 2 5 i j  i n s u l i n  u p t a k e  by 

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

l i n  i n d i c a t i n g  t h a t  t h e  u p t a k e  p r o c e s s  was r e c e p t o r  m ed i ­

a t e d .  They s u g g e s t e d  t h a t  l a c t a t i o n  t r i g g e r s  a s t a t e  o f  

i n c r e a s e d  i n s u l i n  s e n s i t i v i t y  i n  t h e  mammary g l a n d  r e s u l t ­

ing  in  i n c r e a s e d  i n s u l i n  u p t a k e  and d e g r a d a t i o n  v i a  

s p e c i f i c  i n s u l i n  r e c e p t o r s .

I t  i s  p o s s i b l e  t h a t  t h e  more m e t a b o l i c a l l y  a c t i v e  

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

more i n s u l i n  t h a t  t h a t  o f  t h e  low p r o d u c i n g  cow. A l th o u g h  

i n t e r n a l i z a t i o n  o f  t h e  i n s u l i n - r e c e p t o r  complex  i s  u s u a l l y  

f o l l o w e d  by ly s o s o m a l  d e g r a d a t i o n ,  t h e  mammary c e l l ,  a s
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t h e  e n d o t h e l i a l  c e l l ,  may b y p a s s  t h i s  s t e p  and r e l e a s e  

i n s u l i n - r e c e p t o r  c o m p lex es  i n t o  t h e  m i l k  v i a  t h e  MFGM. In 

t h i s  c a s e ,  MFGM i s o l a t e d  from h i g h  p r o d u c i n g  cows would be  

e x p e c t e d  to  b in d  more i n s u l i n .  U n f o r t u n a t e l y ,  i n s u l i n -  

r e c e p t o r  complex  i n t e r n a l i z a t i o n  and ly so s o m a l  d e g r a d a t i o n  

h a v e  n e v e r  been  examined  in  t h e  mammary c e l l ;  t h e r e f o r e ,  

t h e  f a t e  o f  t h e  complex beyond t h e  p lasm a  membrane i s  un­

known.  However ,  t h e  p r e s e n c e  o f  i n s u l i n  in  m i lk  s u g g e s t s  

t h a t  i n s u l i n  i s  i n t e r n a l i z e d  v i a  t h e  i n s u l i n  r e c e p t o r .

In S tu d y  2, i n g e s t i o n  o f  d i e t a r y  f a t  i n  e x c e s s  o f  t h e  

b a s e l i n e  l e v e l  p r o v i d e d  by t h e  c o n v e n t i o n a l  l a c t a t i o n  d i e t  

(ca  3% f a t )  r e s u l t e d  in  i n c r e a s e d  i n s u l i n  b i n d i n g  to  MFGM. 

A l th o u g h  i n c r e a s e d  m i l k  p r o d u c t i o n  and m i l k  f a t  p r o d u c t i o n  

h a v e  been  r e p o r t e d  in  d a i r y  c a t t l e  fed  h i g h  f a t  d i e t s

( 2 9 ) ,  n e i t h e r  m i lk  n o r  f a t  p r o d u c t i o n  was a l t e r e d  by  d i ­

e t a r y  f a t  i n  t h i s  s t u d y  ( T a b le  5 ) .  These  f i n d i n g s  s u g g e s t  

t h a t  t h e  o b s o rv e d  i n c r e a s e  in  i n s u l i n  b i n d i n g  t o  MFGM was 

n o t  t h e  r e s u l t  o f  a d i e t - i n d u c e d  i n c r e a s e  in  m i l k  f a t  

s e c r e t i o n .

I n s u l i n  r e s i s t a n c e  h a s  been  a s s o c i a t e d  w i t h  t h e  i n ­

g e s t i o n  o f  h i g h  l e v e l s  o f  f a t  i n  n o n r u m i n a n t s .  T h i s  

r e s i s t a n c e  i s  c h a r a c t e r i z e d  by im p a i r e d  c e l l u l a r  g l u c o s e  

t r a n s p o r t  (8 ,  1 5 ) ,  g l u c o s e  m e ta b o l i s m  ( 9 ,  1 5 ) ,  and i n s u l i n  

b i n d i n g  (9 ,  3 6 ) .  A r e d u c t i o n  in  t h e  number o f  c e l l u l a r
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i n s u l i n  r e c e p t o r s  i s  r e s p o n s i b l e  f o r  t h e  d e c r e a s e d  i n s u l i n  

b i n d i n g  o b s e rv e d  (9# 36) and h a s  b e e n  i m p l i c a t e d  a s  a p o s ­

s i b l e  c a u s e  o f  t h i s  d i e t a r y - i n d u c e d  c o n d i t i o n .

P a l m q u i s t  and Moser (30) r e p o r t e d  t h a t  f e e d i n g  h ig h  

f a t  d i e t s  t o  d a i r y  c a t t l e  a l s o  i n d u c e s  i n s u l i n  r e s i s t a n c e  

as  e v i d e n c e d  by i m p a i r e d  g l u c o s e  c l e a r a n c e  and en hanced  

i n s u l i n  s e c r e t i o n  in  r e s p o n s e  t o  an i . v .  g l u c o s e  i n j e c ­

t i o n .  I f  h i g h  d i e t a r y  f a t  l e v e l s  i n d u c e  i n s u l i n  r e s i s ­

t a n c e  in  r u m i n a n t s  and n o n r u m in a n t s  by a  s i m i l a r  

m echan ism ,  f a t  f e e d i n g  o f  d a i r y  c a t t l e  s h o u ld  d e p r e s s  i n ­

s u l i n  b i n d i n g  to  b o v i n e  t i s s u e s  a s  w e l l .  Our s t u d y  s u g ­

g e s t s  t h a t  f a t  f e e d i n g  h a s  t h e  o p p o s i t e  e f f e c t  in  b o v in e  

mammary t i s s u e ,  i . e . ,  i n c r e a s e d  i n s u l i n  b i n d i n g .  However,  

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

t h a t  i n s u l i n  b i n d i n g  to  t h e  MFGM c o r r e s p o n d s  t o  i n s u l i n  

b i n d i n g  to  t h e  mammary c e l l .

I t  s h o u ld  be n o te d  t h a t  t h e  n o n r u m in a n t  s t u d i e s  

docu m en t in g  a r e l a t i o n s h i p  b e tw e en  im p a i r e d  i n s u l i n  b i n d ­

ing  and f a t  f e e d i n g  employed m a le  r a t s  (9 ,  3 6 ) .  F u r t h e r ­

more ,  t h e s e  s t u d i e s  l i m i t e d  t h e i r  e x a m i n a t i o n  o f  i n s u l i n  

b i n d i n g  t o  two t i s s u e s ;  a d i p o s e  and l i v e r .  In  a s u r v e y  o f  

15 t i s s u e s  from s e v e n  d i f f e r e n t  a n im a l  s p e c i e s ,  P o sn e r  e t  

a l .  (33) found c o n s i d e r a b l e  s p e c i e s  and t i s s u e  d i f f e r e n c e s  

in  i n s u l i n  b i n d i n g .  We have  a l s o  o b s e r v e d  s i g n i f i c a n t



s p e c i e s  ( p ig  v s  cow) and t i s s u e  ( l i v e r  v s  mammary) d i f ­

f e r e n c e s  in  i n s u l i n  b i n d i n g  ( u n p u b l i s h e d  o b s e r v a t i o n ) . I t  

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

l i n  b i n d i n g  r e s p o n s e  t o  h i g h  f a t  f e e d i n g  d i f f e r s  a s  a 

f u n c t i o n  o f  s p e c i e s ,  t i s s u e ,  o r  g e n d e r .  A d d i t i o n a l  

r e s e a r c h  i s  needed  b e f o r e  any  d e f i n i t i v e  c o n c l u s i o n s  co n ­

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

t a n c e  can  be  d ra w n .

In  c o n c l u s i o n ,  b o t h  l e v e l  o f  m i l k  p r o d u c t i o n  and 

l e v e l  o f  d i e t a r y  f a t  i n g e s t e d  i n f l u e n c e d  i n s u l i n  b i n d i n g  

t o  MFGM. These  r e s u l t s  s u g g e s t  t h a t  p h y s i o l o g i c a l  c h a n g e s  

in d u c e  i n s u l i n  r e c e p t o r  r e g u l a t i o n  i n  t h e  b o v i n e  mammary 

g l a n d .  S t u d i e s  c h a r a c t e r i z i n g  t h e  i n s u l i n  r e c e p t o r  on t h e  

mammary c e l l  p r o p e r  v s  t h e  MFGM, a s  w e l l  a s  s t u d i e s  d e a l ­

ing w i th  t h e  o r i g i n  o f  t h e  i n s u l i n  r e c e p t o r  on MFGM a r e  

needed  b e f o r e  t h e  s i g n i f i c a n c e  o f  i n s u l i n  r e c e p t o r  r e g u l a ­

t i o n  on MFGM can  be u n d e r s t o o d .  N o n e t h e l e s s ,  o u r  r e s u l t s  

s u g g e s t  t h a t  MFGM i n s u l i n  r e c e p t o r  l e v e l s  may b e  a u s e f u l  

and c o n v e n i e n t  s t u d y  t o o l  t o  b r i d g e  t h e  gap  b e tw een  

s t u d i e s  i n  i s o l a t e d  c e l l s  v s  t h e  whole  a n i m a l .
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CHAPTER V

E f f e c t  o f  F a t  F eed in g  on I n s u l i n  B in d in g  

t o  Rat Mammary and L i v e r  Microsomes

INTRODUCTION

In r a t s ,  a h i g h  f a t  d i e t  r e d u c e s  i n s u l i n  b i n d i n g  to  

a d i p o c y t e s 1- and l i v e r  p la sm a  m embranes2 by d e c r e a s i n g  t h e  

number o f  i n s u l i n  r e c e p t o r s .  The mechanism f o r  t h i s  

m o d u l a t i o n  o f  i n s u l i n  r e c e p t o r s  i s  unknown; h o w e v e r ,  d i ­

e t a r y  f a t  can  m o d u l a t e  membrane f l u i d i t y 2 and t h e r e b y  i n ­

f l u e n c e  i n s u l i n  b i n d i n g . *

In  d a i r y  c a t t l e ,  f e e d i n g  a  h i g h  f a t  d i e t  d e p r e s s e s  

m i lk  p r o t e i n  p e r c e n t a g e 2**? and y i e l d 2 »?, and a l s o  c a u s e s  

i n s u l i n  r e s i s t a n c e  and i n c r e a s e d  i n s u l i n  s e c r e t i o n . 2

In v iew o f  t h e  s t i m u l a t o r y  r o l e  o f  i n s u l i n  in  p r o t e i n  

s y n t h e s i s , 2 i t  i s  p o s s i b l e  t h a t  d i e t a r y  f a t  i n h i b i t s  m i lk  

p r o t e i n  s y n t h e s i s  by m o d u l a t i n g  mammary i n s u l i n  r e c e p t o r s .  

We used  r a t  mammary t i s s u e  a s  a model t o  exam ine  t h e  e f ­

f e c t  o f  d i e t a r y  f a t  on i n s u l i n  r e c e p t o r s .  L i v e r  t i s s u e  

was s t u d i e d  f o r  c o m p a r a t i v e  p u r p o s e s .  The S c a t c h a r d  

p l o t 1-0 was employed to  g r a p h i c a l l y  e x p r e s s  a l l  hormone 

b i n d i n g  d a t a .

97
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The S c a t c h a r d  e q u a t i o n  d e s c r i b e s  b i n d i n g  o£ a  hormone 

(H) t o  a homogeneous c l a s s  o f  i n d e p e n d e n t  r e c e p t o r s  (R) 

w i t h  an a f f i n i t y  c o n s t a n t  (Ka ) t o  form a h o r m o n e - r e c e p t o r  

complex (HR) a s  f o l l o w s :

|HR1 -  Ka ( (Rq) -  (HR)) 11

In  t h i s  r e l a t i o n s h i p ,  t h e  r a t i o  o f  bound to  f r e e  hormone 

i s  e x p r e s s e d  a s  a f u n c t i o n  o f  bound hormone to  y i e l d  a 

s t r a i g h t  l i n e  w i t h  a b s c i s s a l  i n t e r c e p t  e q u a l  t o  [R0 ] , t h e  

c o n c e n t r a t i o n  o f  t o t a l  r e c e p t o r  s i t e s ,  and t h e  s l o p e  e q u a l  

t o  -Ka .

Not a l l  hormone b i n d i n g  d a t a  conform  t o  S c a t c h a r d  

l i n e a r i z a t i o n .  N o n l i n e a r  S c a t c h a r d  p l o t s  h av e  been  r e ­

p o r t e d  f o r  ACTH, o x y t o c i n ,  g l u c a g o n ,  TRH, TSH, a c e t y l c h o ­

l i n e ,  c a t e c h o l e m i n e s ,  and i n s u l i n  b i n d i n g  d a t a . 1-2 No s im ­

p l e ,  s i n g l e  s l o p e  ( b i n d i n g  a f f i n i t y )  o r  a b s c i s s a l  i n t e r ­

c e p t  ( r e c e p t o r  c o n c e n t r a t i o n )  can  be c a l c u l a t e d  f o r  non­

l i n e a r  S c a t c h a r d  p l o t s ;  h o w e v e r ,  t h e s e  c u r v e s  can  be r e ­

s o lv e d  i n t o  two o r  more l i n e a r  c o m p o n e n t s .  Each l i n e a r  

component  i s  b e l i e v e d  to  r e p r e s e n t  a s e p a r a t e  c l a s s  o f  

b i n d i n g  s i t e s  d i f f e r i n g  from e a c h  o t h e r  in  b i n d i n g  c a p a c i ­

t y  and b i n d i n g  a f f i n i t y . 13 The c u r v i l i n e a r  S c a t c h a r d  

p l o t s  o f  i n s u l i n  b i n d i n g  d a t a  a r e  u s u a l l y  r e s o l v e d  i n t o  

two l i n e a r  com ponen ts  r e p r e s e n t i n g  a h i g h  a f f i n i t y - l o w  

c a p a c i t y  s i t e  and a low a f f i n i t y - h i g h  c a p a c i t y  s i t e . 11
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P r e v i o u s  i n s u l i n  b i n d i n g  s t u d i e s  i n  our  l a b o r a t o r y  

em ploy ing  b o th  b o v in e ^ *  and m u r in e  ( u n p u b l i s h e d  o b s e r v a ­

t i o n )  l i v e r  and mammary m ic rosom es  y i e l d e d  t h e  t y p i c a l  

n o n l i n e a r  S c a t c h a r d  p l o t s .  However,  co m p u te r  f i t t i n g  o f  

t h e s e  c u r v e s  was d i f f i c u l t  when t h e  b i n d i n g  d a t a  were  

w i t h i n  a l i m i t e d  r a n g e  o f  i n s u l i n  c o n c e n t r a t i o n s .  To 

f a c i l i t a t e  c h a r a c t e r i z a t i o n  o f  i n s u l i n  r e c e p t o r s  i n  t h i s  

s t u d y ,  i n s u l i n  b i n d i n g  was examined u s in g  a b r o a d  and 

d e t a i l e d  r a n g e  o f  i n s u l i n  c o n c e n t r a t i o n s .

KahnlS p o i n t e d  o u t  t h a t  c u r v i l i n e a r  S c a t c h a r d  p l o t s  

can  be i n t e r p r e t e d  e r r o n e o u s l y  i f  t h e  b i n d i n g  d a t a  an ­

a l y z e d  a r e  l i m i t e d  in  r a n g e  o r  i n c l u s i v e n e s s .  S e v e r a l  

i n v e s t i g a t o r s 1®-*® have  r e p o r t e d  o n l y  one c l a s s  o f  i n s u l i  

r e c e p t o r s  b a sed  on l i m i t e d  b i n d i n g  d a t a .  The r e s u l t s  o f  

t h i s  s t u d y  i n d i c a t e  t h a t  when t h e  b i n d i n g  d a t a  a r e  com­

p r e h e n s i v e ,  a model  w i t h  t h r e e  r a t h e r  t h a n  two s i t e s  more 

a c c u r a t e l y  d e s c r i b e s  t h e  i n s u l i n  b i n d i n g  d a t a .

MATERIALS AND METHODS

E x p e r im e n ta l  A n im a l s . F o u r t e e n  un t im ed  p r e g n a n t  (16 

19 days  g e s t a t i o n )  Sprague-D aw ley  a l b i n o  r a t s  were ob­

t a i n e d  from H a r la n  S p rag u e -D aw ley ,  I n c .  ( I n d i a n a p o l i s ,

I N ) . They were  housed  i n d i v i d u a l l y  i n  a t e m p e r a t u r e -
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c o n t r o l l e d  (23 °C) room w i th  a 12 h o u r  l i g h t - d a r k  c y c l e .  

A l l  a n i m a l s  were  fed  a s t o c k  d i e t  ( R a l s t o n  P u r i n a ,  S t .  

L o u i s ,  MO) and w a te r  ad l i b i t u m  p r i o r  to  t h e  e x p e r i m e n t a l  

d i e t s .  At p a r t u r i t i o n  (day  1 o f  l a c t a t i o n ) , e a c h  l i t t e r  

was n o r m a l i z e d  to  8 p u p s .

On d a y  7 o f  l a c t a t i o n  (day  1 o f  d i e t a r y  t r e a t m e n t ) , 

dams were  ran d o m ly  a s s i g n e d  to  one  o f  t h e  f o l l o w i n g  d i e t s :  

t h e  s t o c k  d i e t  ( c o n t r o l ) , a h i g h  f a t - l o w  c a r b o h y d r a t e  d i e t  

(HF-LC), and a  h i g h  c a r b o h y d r a t e - l o w  f a t  d i e t  (HC-LF).

Both t h e  HF-LC and HC-LF d i e t s  were  p r e p a r e d  a s  d e s c r i b e d  

by  Lauvau e t  a l 1® e x c e p t  t h a t  c o r n  s t a r c h  was s u b s t i t u t e d  

f o r  w hea t  s t a r c h .  The c o m p o s i t i o n  o f  t h e  e x p e r i m e n t a l  

d i e t s  i s  shown in  T a b le  6 . R a ts  were  m a i n t a i n e d  on t h e s e  

d i e t s  f o r  8 d a y s .

On d ay  15 o f  l a c t a t i o n  (day  8 o f  d i e t a r y  t r e a t m e n t ) , 

a l l  dams were  s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n .  L i v e r s  

and mammary g l a n d s  were  r em oved ,  f a s t - f r o z e n  in  a  d r y  i c e  

b a t h ,  and s t o r e d  a t  - 2 0  °C u n t i l  m ic ro s o m a l  p r e p a r a t i o n .

P r e p a r a t i o n  o f  M ic ro so m e s . Microsomes were p r e p a r e d  

from th e  f r e e z e - t h a w e d  t i s s u e s  a s  d e s c r i b e d  p r e v i o u s l y 14 

and s t o r e d  a t  - 2 0  °C f o r  s u b s e q u e n t  i n s u l i n  r e c e p t o r  a n a l ­

y s i s .  M icrosomal  p r o t e i n  c o n c e n t r a t i o n  was d e t e r m i n e d  by
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T a b le  6 . C o m p o s i t io n  o f  E x p e r im e n ta l  D i e t s . 19*

I n g r e d i e n t HC-LF HF-LC

C a s e in 20
( g / 100g)

29

Lard 3 44

Corn o i l 1 1

Corn s t a r c h 68 14

V i tam in  m ix tu re * * 2 3

S a l t  m ix tu re * 4 6

C e l l u l o s e 2 3

* HC-LF ■ h i g h  c a r b o h y d r a t e - l o w  f a t  d i e t ;  HF-LC ■ h i g h  
f a t - l o w  c a r b o h y d r a t e  d i e t .
**Vitam in  d i e t  f o r t i f i c a t i o n  m i x t u r e ,  ICN C o r p . ,  C lev e  
l a n d ,  O h io .
* S a i t  m i x t u r e  XIV, ICN C orp .
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t h e  Lowry m e th o d 2® u s i n g  b o v i n e  serum a lb u m in  (BSA) a s  a 

s t a n d a r d .

i o d i n a t i o n  o f  I n s u l i n . P o r c i n e  i n s u l i n  ( 2 6 .8  0/rag) 

( g i f t  o f  E l i  L i l l y  C o . ,  I n d i a n a p o l i s ,  IN) was i o d i n a t e d  to  

a s p e c i f i c  a c t i v i t y  o f  189 pCi / t ig  w i t h  c a r r i e r - f r e e  Na 

125I (350 -  600 mCi/mL) (New England N u c le a r  P r o d u c t s ,  

B o s t o n ,  MA) u s in g  c h l o r a m i n e - T . 2* i o d i n a t e d  i n s u l i n  was 

r e g a r d e d  s u i t a b l e  f o r  b i n d i n g  s t u d i e s  i f  95% o r  more o f  

t h e  t o t a l  r a d i o a c t i v i t y  was p r e c i p i t a t e d  by 10% 

t r i c h l o r o a c e t i c  a c i d  (TCA) and 93% o r  more was p r e c i p i ­

t a t e d  by  g u i n e a  p ig  a n t i b o v i n e  i n s u l i n  serum (GPAIS)

(M i le s  B i o c h e m i c a l ,  E l k h a r t ,  IN ) .

B in d in g  o f  I n s u l i n  t o  L i v e r  and Mammary M ic ro so m e s . 

Microsomes (500 yg Lowry p r o t e i n )  were  i n c u b a t e d  in  1 mL 

o f  50 mM T r i s  (h y d ro x y m eth y l )  aminomethane-HCl ( T r i s - H C l ) , 

0.1% BSA ( M i le s  B i o c h e m i c a l ,  E l k h a r t ,  I N ) ,  1 mM b a c i t r a c i n  

(S igma,  S t .  L o u i s ,  MO) pH 7 .8  a t  20 °C w i t h  i o d i n a t e d  i n ­

s u l i n  ( 0 . 6  ng; 0 . 1  pmole) and i n c r e a s i n g  c o n c e n t r a t i o n s  o f  

u n l a b e l e d  i n s u l i n  (0 -  1000 ng; 0 .0  -  0 . 1 7  n m o l e ) . A l l  

i n c u b a t i o n s  were p e r fo rm e d  in  t r i p l i c a t e  i n  12 x 75 mm 

p o l y p r o p y l e n e  t e s t  t u b e s  a t  20 °C. A f t e r  a 1 h ou r  e q u i l i ­

b r a t i o n  p e r i o d ,  2 mL i c e d  Tris-BSA b u f f e r  was added  to
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e a c h  t u b e .  Bound and f r e e  r a d i o a c t i v i t y  were  s e p a r a t e d  by 

c e n t r i f u g a t i o n  a t  1 9 ,6 0 0  g f o r  30 m i n u t e s  a t  4 °C. 

S u p e r n a t a n t s  were  d e c a n t e d ,  t h e  t u b e s  d r a i n e d ,  and th e  

t u b e  i n t e r i o r s  above  t h e  p e l l e t s  swabbed w i th  a b s o r b e n t  

p a p e r .  Bound r a d i o a c t i v i t y  was c o u n te d  f o r  10 m in u te s  in  

a Y ~ co u n te r  (The A u to m a t i c  Gamma C o u n t in g  S y s te m ,  1185 

S e r i e s ,  N u c le a r  C h icago)  a t  75% e f f i c i e n c y .  S p e c i f i c  i n ­

s u l i n  b i n d i n g  was c a l c u l a t e d  by s u b t r a c t i o n  o f  r a d i o a c ­

t i v i t y  bound t o  t h e  p e l l e t  i n  t h e  p r e s e n c e  o f  50 yg ( 8 .3  

nmole) u n l a b e l e d  i n s u l i n  ( n o n s p e c i f i c  b i n d i n g )  from t o t a l  

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

b i n d i n g  was e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  t o t a l  r a d i o ­

a c t i v i t y  added t o  each  t u b e .

B in d in g  a f f i n i t i e s  and r e c e p t o r  numbers  f o r  i n s u l i n  

were  d e t e r m in e d  f o r  i n d i v i d u a l  r a t  l i v e r  and mammary mi­

c ro so m a l  s am p les  by  f i t t i n g  t h e  f o l l o w i n g  b i n d i n g  eq u a ­

t i o n s  f o r  two ( e q u a t i o n  1 ) and t h r e e  ( e q u a t i o n  2 ) c l a s s e s  

o f  b i n d i n g  s i t e s ,  r e s p e c t i v e l y ,  u s i n g  t h e  N0NL1N program  

o f  M e t z l e r  e t  al.22.
n i K i ( I )  n2 K2 ( l ]

[ 1 ]IR -
1+KiII] 1+K2 [I]

and

n i K i l l ]

1+Kj.d]

n2K2 [ I ]  031(3 t i l
IR ■ (2)

1 +K2 [ I ]  1 +K3 ( U
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where  IR •  t h e  mass  o f  i n s u l i n  bound p e t  ml i n c u b a t i o n
[ I ]  « t h e  c o n c e n t r a t i o n  o f  f r e e  i n s u l i n ,
n^ « t h e  number o f  b i n d i n g  s i t e s  in  t h e  f i r s t

c l a s s  o f  s i t e s ,
Kx ■ t h e  a s s o c i a t i o n  c o n s t a n t  f o r  t h e  i n t e r a c t i o n  

o f  I w i t h  a r e c e p t o r  in  t h e  f i r s t  c l a s s  o f  
s i t e s ,

nz  •  t h e  number o f  b i n d i n g  s i t e s  in  t h e  seco n d  
c l a s s  o f  s i t e s ,

K2 “ t h e  a s s o c i a t i o n  c o n s t a n t  f o r  t h e  i n t e r a c t i o n  
o f  I w i t h  a r e c e p t o r  in  t h e  s eco n d  c l a s s  o f  
s i t e s ,

03 ■ t h e  number o f  b i n d i n g  s i t e s  in  t h e  t h i r d
c l a s s  o f  s i t e s ,

K3 ■ t h e  a s s o c i a t i o n  c o n s t a n t  f o r  t h e  i n t e r a c t i o n  
o f  I w i t h  a r e c e p t o r  in  t h e  t h i r d  c l a s s  o f  
s i t e s .

F o l lo w in g  a n a l y s i s ,  d a t a  were c o n v e r t e d  to  

S c a t c h a r d l B  f o r m a t  f o r  d i s p l a y .

S t a t i s t i c a l  A n a l y s i s . R e s u l t s  were  a n a l y z e d  s t a t i s ­

t i c a l l y  u s in g  l e a s t  s q u a r e s  a n a l y s i s  o f  v a r i a n c e . 23 when 

s t a t i s t i c a l  s i g n i f i c a n c e  was fo u n d ,  mean d i f f e r e n c e s  were 

s e p a r a t e d  by D u n c a n ' s  m u l t i p l e  r a n g e  t e s t . 2*

RESULTS AND DISCUSSION

A verage  S c a t c h a r d  p l o t s  f o r  i n s u l i n  b i n d i n g  by r a t  

l i v e r  and mammary m ic rosom es  a r e  shown f o r  e a c h  d i e t a r y  

t r e a t m e n t  in  F i g u r e s  14 and 15 ,  r e s p e c t i v e l y .  C u rv es  

w i t h i n  each  t i s s u e  were  v e r y  s i m i l a r  d e s p i t e  d i f f e r e n t  

t r e a t m e n t s .  T a b le  7 shows t h a t  t h e  a f f i n i t y  c o n s t a n t s
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F i g u r e  14 .  S c a t c h a r d  p l o t s  f o r  i n s u l i n  
b i n d i n g  t o  l i v e r  m ic rosom es  o f  r a t s  f e d  
h i g h  c a r b o h y d r a t e - l o w  f a t  (HC-LF), h i g h  
f a t - l o w  c a r b o h y d r a t e  (HF-LC), o r  c o n t r o l  
d i e t s .  Upper  p a n e l , HC-LF; m id d le  p a n e l ,  
HF-LC; and  lo w e r  p a n e l ,  c o n t r o l .
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F i g u r e  15 .  S c a t c h a r d  p l o t s  f o r  i n s u l i n  
b i n d i n g  t o  mammary m ic ro so m es  o f  r a t s  f e d  
h i g h  c a r b o h y d r a t e - l o w  f a t  (HC-LF), h i g h  
f a t - l o w  c a r b o h y d r a t e  (HF-LC), o r  c o n t r o l  
d i e t s .  Upper  p a n e l ,  HC-LF; m id d le  p a n e l ,  
HF-LC; an d  l o w e r  p a n e l ,  c o n t r o l .
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Tab le  7 .  E f f e c t  o f  D ie t  on th e  B ind ing  C a p a c i t i e s  and
Binding A f f i n i t i e s  o f  I n s u l i n  in  Rat L iv e r  and 
Mammary Microsomes -  Two S i t e  M o d e l . +

D l i t *

Measurement**C o n t ro l  HF-LC HC-LF SEM++
L iv e r  “

n 3 5 5

Ka l 8.915
(8 .2 x 1 0 s )

8 .802
(6 .3x108)

8 .832
(6 .8 x 1 0 s )

0.036

Ka2 6.940
(8 .7x106)

6 .516
(3 .3x106)

6.883
(7.6x106)

0.134

Ri 1 . 0 x l 0 “ 13 9 .7x10-14 9 .4x10-14 9 . 9 x10“ 16

r 2
lammary

n

3 .4x10-13

2

7 .7x10-13

5

4 .0x10-13

5

1 . 2 x10~13

Kal 8.989
(9.7x108)

8 .925
(8 .4 x 1 0 s )

8 .733
(5 .4 x 1 0 s )

0.063

Ka2 7.109
(1.3X107 )

7 .241
( 1 . 7 x l 0 7 )

6 .839
(6.9x106)

0.134

R1 1 .4x10-14 1 .7x10-14 3 .0x10-14 3.6x10-15

r2 3 .0x10-13 3 .1x10-13 4 .6x10-13 7.1X10-14

HF-LC ■ h igh  f a t - l o w  c a r b o h y d r a t e  d i e t ;  HC-LF » h igh  
c a r b o h y d r a t e - l o w  f a t  d i e t .

*n ■ number of  a n i m a l s ,  Ka i  ■ b in d in g  a f f i n i t y  o f  th e  
h igh  a f f i n i t y - l o w  c a p a c i t y  s i t e ,  Ka2 ” b in d in g  a f f i n i t y  
o f  th e  low a f f i n i t y - h i g h  c a p a c i t y  s i t e ,  Rj_ ■ b in d in g
c a p a c i t y  o f  t h e  h ig h  a f f i n i t y - l o w  c a p a c i t y  s i t e ,  R2 ■
b in d in g  c a p a c i t y  o f  the  low a f f i n i t y - h i g h  c a p a c i t y  s i t e .

* Binding  a f f i n i t i e s  a r e  l i s t e d  as  log Ka and as  Ka (M "l) ,  
d i r e c t l y  below in  p a r e n t h e s e s ;  Binding  c a p a c i t i e s  a r e  
moles i n s u l i n  bound/500 Ug Lowry p r o t e i n .

+ V alues  a r e  l e a s t  sq u a re  means.
++SEM l i s t e d  Cor Ka a r e  in  te rms  o f  log Ka .
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(Ka ) and b i n d i n g  c a p a c i t i e s  (R) e s t i m a t e d  u s i n g  t h e  NONLIN 

program  f o r  two c l a s s e s  o f  r e c e p t o r  s i t e s  f o r  b o t h  t h e  

l i v e r  and mammary m ic rosom es  were  n o t  i n f l u e n c e d  by d i e t  

( P > 0 . 1 0 ) .  However# b e c a u s e  c o m p u te r  f i t t i n g  o f  t h e  b i n d ­

ing  d a t a  u s i n g  t h e  two s i t e  model  was d i f f i c u l t #  we 

b e l i e v e  t h a t  t h e s e  b i n d i n g  d a t a  a r e  n o t  v a l i d .

For  t h e  m a j o r i t y  o f  c u r v e s #  s e v e r a l  o b v io u s  o u t l i e r s  

were  a p p a r e n t  which  p r e v e n t e d  a c c u r a t e  f i t t i n g  o f  t h e  

d a t a .  E l i m i n a t i o n  o f  t h e s e  o b s e r v a t i o n s  improved t h e  f i t ;  

however# t h e  d e v i a t i o n s  from t h e  computed c u r v e s  were  

u s u a l l y  nonrandom# i n d i c a t i n g  t h a t  t h e  two s i t e  model  was 

n o t  a p p r o p r i a t e  f o r  t h e  d a t a .  F u r th e r m o r e #  t h e  u n c e r t a i n ­

t i e s  o f  t h e  b i n d i n g  p a r a m e t e r  e s t i m a t e s  (Ka and R v a l u e s )  

were  l a r g e  (>100% e r r o r  i n  e a c h  c a s e )  s u g g e s t i n g  t h a t  t h e  

e s t i m a t e s  were p o o r l y  d e f i n e d .  T h re e  o f  t h e  a n a l y s e s  (one 

l i v e r  and two mammary) were e l i m i n a t e d  t o t a l l y  from th e  

s t u d y  due  t o  an i n s u f f i c i e n t  number o f  d a t a  p o i n t s  w i t h i n  

a c r i t i c a l  r e g i o n  o f  t h e  c u r v e  a f t e r  e l i m i n a t i o n  o f  o u t l y ­

ing p o i n t s .

V i s u a l  e x a m i n a t i o n  o f  t h e  i n d i v i d u a l  S c a t c h a r d  p l o t s  

f o r  b o th  l i v e r  and mammary m ic ro so m es  s u g g e s t e d  t h a t  a 

model w i th  t h r e e  r a t h e r  t h a n  two s i t e s  m ig h t  p r o v i d e  a 

b e t t e r  f i t  o f  t h e  b i n d i n g  d a t a .  In  16 o f  t h e  25 e v a l u a b l e

r  '
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S c a t c h a r d  p l o t s ,  d e f i n i t i o n  o f  t h r e e  s i t e s  was n o t  v i s u a l ­

l y  a p p a r e n t ,  b u t  in  t h e  r e m a i n in g  n i n e  p l o t s  (3 l i v e r  and 

6 mammary),  t h r e e  b i n d i n g  s i t e s  were  c l e a r l y  d e f i n e d .  One 

o f  t h e s e  n i n e  S c a t c h a r d  p l o t s  i s  shown in  F i g u r e  16.  

C o n s e q u e n t l y ,  a l l  b i n d i n g  d a t a  were  f i t  u s i n g  t h e  NONLIN 

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

compared w i t h  t h o s e  o f  t h e  two s i t e  m o d e l .  S e l e c t i o n  o f  

t h e  a p p r o p r i a t e  model was b a s e d  on t h e  f o l l o w i n g  c r i t e r i a :  

1) random ness  o f  d e v i a t i o n s  from t h e  computed c u r v e ;  2) 

c o n f i d e n c e  in  t h e  NONLIN p a r a m e t e r  e s t i m a t e s  a s  m easu red  

by e s t i m a t e / s t a n d a r d  d e v i a t i o n  ( t ) ;  3) c o n v e r g e n c e  o f  com­

p u t e r  i t e r a t i o n s  in  a c h i e v i n g  a f i n a l  f i t  o f  t h e  d a t a ;  and 

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

The t h r e e  s i t e  model  was s u p e r i o r  t o  t h e  two s i t e  

model in  f i t t i n g  a l l  13 e v a l u a b l e  l i v e r  s t u d i e s .  The 

t h r e e  s i t e  model was a l s o  s u p e r i o r  i n  f i t t i n g  n i n e  o f  t h e  

tw e l v e  e v a l u a b l e  mammary s t u d i e s .  On t h e  o t h e r  h a n d ,  t h e  

two s i t e  model p r o v id e d  a b e t t e r  f i t  f o r  t h e  t h r e e  r e m a in ­

ing mammary a n a l y s e s .

F i g u r e s  17 and 18 d e m o n s t r a t e  t h e  s u p e r i o r i t y  o f  t h e  

t h r e e  s i t e  model  in  f i t t i n g  t h e  l i v e r  and mammary b i n d i n g  

d a t a ,  r e s p e c t i v e l y .  When t h e  t h r e e  s i t e  model was used  to  

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

( low er  p a n e l s )  which was n o t  a p p a r e n t  when t h e  two s i t e
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INSULIN BOUND (ng/500 U9 LOWRY PROTEIN)
F i g u r e  16.  S c a t c h a r d  p l o t  o f  i n s u l i n  b i n d i n g  t o  
r a t  mammary m ic rosom es  e x h i b i t i n g  t h r e e  c l a s s e s  
o f  i n s u l i n  r e c e p t o r s .  T h i s  p l o t  i s  r e p r e s e n t a t i v e  
o f  t h e  r e m a i n i n g  e i g h t  p l o t s  i n  w h ich  t h r e e  c l a s s e s  
o f  b i n d i n g  s i t e s  w e re  v i s u a l l y  a p p a r e n t .
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F i g u r e  17.  Curve  f i t t i n g  o f  a  S c a t c h a r d  
p l o t  o f  i n s u l i n  b i n d i n g  t o  r a t  l i v e r  
m ic ro s o m e s .  Com par ison  o f  t h e  t w o - s i t e  
model  ( u p p e r  p a n e l )  w i t h  t h e  t h r e e - s i t e  
model  ( lo w e r  p a n e l )  f o r  t h e  same d a t a .  
T h ese  p l o t s  a r e  r e p r e s e n t a t i v e  o f  t h o s e  
u s e d  t o  c a l c u l a t e  t h e  a v e r a g e  Ka and  R 
v a l u e s  f o r  l i v e r  shown i n  T a b le  8 .
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INSULIN BOUND (ng)

F i g u r e  18.  Curve  f i t t i n g  o f  t h e  S c a t c h a r d  
p l o t  o f  i n s u l i n  b i n d i n g  t o  r a t  mammary 
m ic ro s o m e s .  C om par ison  o f  t h e  t w o - s i t e  
model  (u p p e r  p a n e l )  w i t h  t h e  t h r e e - s i t e  
model  ( lo w e r  p a n e l )  f o r  t h e  same d a t a .  
T h e se  p l o t s  a r e  r e p r e s e n t a t i v e  o f  t h o s e  
u s e d  t o  c a l c u l a t e  t h e  a v e r a g e  Ka and  R 
v a l u e s  f o r  mammary g l a n d  shown i n  T a b l e  8.
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model was employed (u p p e r  p a n e l s ) . The Ka and R e s t i m a t e s  

o f  t h e  medium and low a f f i n i t y  s i t e s  d e t e r m in e d  u s in g  th e  

t h r e e  s i t e  model were  s i m i l a r  t o  t h o s e  o f  t h e  h i g h  and low 

a f f i n i t y  s i t e s  d e t e r m in e d  u s in g  t h e  two s i t e  model  (T ab le  

8 ) .  Thus ,  t h e  h i g h  a f f i n i t y  b i n d i n g  s i t e  o f  t h e  t h r e e  

s i t e  model  was o b s c u re d  by t h e  medium a f f i n i t y  b i n d i n g  

s i t e  when t h e  two s i t e  model was used to  f i t  t h e  b i n d i n g  

d a t a .

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

medium and low a f f i n i t y  s i t e s  o f  t h e  t h r e e  s i t e  model and 

t h e  h i g h  and low a f f i n i t y  s i t e s  o f  t h e  two s i t e  model c o r ­

r e sp o n d  to  a f f i n i t y  c o n s t a n t s  p r e v i o u s l y  d e t e r m in e d  f o r  

i n s u l i n  b i n d i n g  to  r a t  l i v e r  and f a t  c e l l  membranes u s in g  

a two s i t e  m o d e l . 15 Assuming t h r e e  c l a s s e s  o f  i n s u l i n  

r e c e p t o r s ,  M a r i n e t t i  e t  a l 2$ r e p o r t e d  an a f f i n i t y  c o n s t a n t  

o f  1 .0  x 10^®M"1 f o r  t h e  h ig h  a f f i n i t y  r e c e p t o r  o f  r a t  

l i v e r  membranes w h i l e  Oscar  e t  a l 2<> r e p o r t e d  a c o n s t a n t  o f  

5 .9  x 10l0M~l f o r  b o v in e  mammary membranes.  Our mean co n ­

s t a n t s  f o r  t h e  h ig h  a f f i n i t y  r e c e p t o r  o f  r a t  l i v e r  and 

mammary m icrosom es  ( 5 .6  x l B ^ M " !  and 2 .8  x 10^3m- 1 ,  

r e s p e c t i v e l y )  were c o n s i d e r a b l y  h i g h e r  th a n  t h o s e  r e p o r t e d  

by M a r i n e t t i  e t  a l 2^ and Oscar  e t  a l . 2<> However,  t h e  a f ­

f i n i t y  c o n s t a n t s  f o r  t h i s  s i t e  were u n u s u a l l y  l a r g e



T a b le  8 .  O v e r a l l  M eans f o r  R a t L i v e r  an d  H a a a a r y  R e c e p t o r  V a r i a b l e s  -  Two v s  T h r e e  S i t e  M o d e l .

L iv e r  (1 3 )* Mammary Gland (1 2 )*

K -(K -l)* * 2 S i t e  Model** 3 S i t e  Model** 2 S i t e  Model** 3 S i t e  Model**

H igh A f f in i t y  S i t e — 5 .6
( 5 .1

x  lO l*  
x  1014)

— 2 .8  x  1013 
( 1 .9  x  1013)

Medium A f f in i t y  S i t e 7 .2  x  108 
( 4 .6  x  107 )

4 .9
( 4 .1

x  108 
x  107 )

7 .8  x  108 
( 8 .3  x  107 )

2 .0  x  10® 
( 2 .6  x  107 )

Low A f f i n i t y  S i t e 9 .2  x  106 
( 3 .0  x  10*)

3 .6
( 8 .0

x  106 
x  105)

1 .4  x  107 
( 3 .5  x  108 )

3 .6  x  10® 
( 7 .5  x  10 5 )

R (m oles p e r  500 pg  Lowry p r o te in ) *

H igh  A f f in i t y  S i t e 4 .5
( 1 .3

x  10-15 
x  1 0 -1 5 )

3 .4  x  10-15  
( 1 .1  x  1 0 -1 5 )

Medium A f f i n i t y  S i t e 9 .3  x  10“1* 
( 7 .6  x  1 0 -1 5 )

1 .1
( 7 .4

x  10-13 
x  1 0 -1 5 )

2 .1  x  lO - l*  
( 3 .0  x  10” 1 5 )

5 .0  x  10-14  
( 6 .6  x  1 0 -1 5 )

Low A f f i n i t y  S i t e 5 .5  x  10-1 8  
( 9 .5  x  1 0 -1 * )

1 .1
(3 .1

x  10 -12 
x  1 0 -1 3 )

3 .7  x  10-13  
( 5 .0  x  1 0 -1 4 )

7 .7  x  10-13  
( 1 .0  x  1 0 -1 3 )

* Numbers In  p a re n th e s e s  *  number o f  a n im a ls .
**Ka  *  a f f i n i t y  c o n s ta n t .
* R ■ I n s u l in  b in d in g  c a p a c i ty .
" V a lu e s  In  p a re n th e s e s  a r e  SEM.
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(10l3<Ka < i( j l6 )  f o r  f o u r  o f  o u r  l i v e r  and two o f  o u r  mam­

mary p r e p a r a t i o n s .  E x a m in a t io n  o f  t h e  S c a t c h a r d  p l o t s  f o r  

t h e s e  m ic ro so m a l  p r e p a r a t i o n s  showed t h a t  t h e  h i g h  a f f i n i ­

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

few d a t a  p o i n t s  t o  a c c u r a t e l y  e s t i m a t e  Ka and R. E l im in a ­

t i o n  o f  t h e s e  p r e p a r a t i o n s  from th e  a n a l y s i s  r e s u l t e d  in 

mean a f f i n i t y  c o n s t a n t s  o f  2 . 0  + 1 . 0  x 10^®M” 1 and 1 ,1  +

0 .4  x 10)-0M~J- f o r  l i v e r  and mammary m ic ro so m es ,  r e s p e c ­

t i v e l y .  Hence,  t h e  a f f i n i t y  c o n s t a n t s  o f  t h e  h ig h  a f f i n i ­

t y  r e c e p t o r  f o r  t h e  m a j o r i t y  o f  l i v e r  and mammary p r e p a r a ­

t i o n s  examined in  t h i s  s t u d y  were s i m i l a r  t o  t h o s e  r e ­

p o r t e d  by M a r i n e t t i  e t  a l 2 5  and Oscar  e t  a l . 2 6

The e f f e c t  o f  d i e t  on th e  b i n d i n g  p a r a m e t e r s  (Ka and 

R) o f  l i v e r  and mammary microsomes  e s t i m a t e d  u s in g  th e  

t h r e e  s i t e  model  i s  p r e s e n t e d  in  T a b le  9 .  N o te ,  t h e  t h r e e  

mammary s a m p le s  e x h i b i t i n g  o n ly  two r e c e p t o r  s i t e s  were 

e x c lu d e d  from th e  mammary a n a l y s e s .  A l s o ,  t h o s e  t i s s u e  

p r e p a r a t i o n s  e x h i b i t i n g  u n u s u a l l y  h i g h  Ka v a l u e s  f o r  th e  

h i g h  a f f i n i t y  s i t e  were n o t  e l i m i n a t e d  from t h e  a n a l y s e s  

s i n c e  e l i m i n a t i o n  o f  t h e s e  p r e p a r a t i o n s  would have  made 

s t a t i s t i c a l  a n a l y s i s  i m p o s s i b l e  due to  i n a d e q u a t e  sample  

s i z e .  D i e t  had no e f f e c t  on th e  i n s u l i n  b i n d i n g  c a p a c i ­

t i e s  (P>0.10)  o r  b i n d i n g  a f f i n i t i e s  (P>0.10)  o f  t h e  t h r e e  

r e c e p t o r  s i t e s  in  mammary m ic ro so m es .  With r e s p e c t  t o



T able  9 . E ffe c t  o f  D iet on the  Binding C a p a c itie s  and Btndlng A f f in i t i e s  o f In su lin  In  Rat L iver 
and Maonary M lcrosoaes -  Three S i te  Model.

M easureaent ■ a ----- - — D ie t"
L iv e r C on tro l HF-LC HC-LF SEM+ S ig n if ic a n c e

n 3 5 5
^ a l 1 3 .2 1 8 1 1 .5 8 8 9 .6 6 3 0 .7 2 3 NS

( l .7 x lO l 3 ) (3 .9 x l0 H > ( 6 . 6 x1 0 ®)
*a 2 8.796® 8.713® 8 .562® 0 .0 2 9 F < 0.05

(6 .2 x 1 0 ® ) • (5.2x10®) (3.6x10®)
*a3 6 .7 6 8 6.263 6.161 0 .1 5 6 NS

(5.6x10®) ( 1 . 8 x1 0 *) ( 1 . 6 x1 0 *)
1 .3 x 1 0 -1 5*1 3 .0 x l0 " l5®b l . 3 x l 0 - 1 5 a 9 .8 x 1 0 -1 5 6 F<0 . 1 0

* 2 1 . U 1 0 - 1 3 1 .0 x 1 0 -1 3 l . l x l 0 " 1 3 9 .8 x 1 0 -1 5 NS
*3 6 .0 x 1 0 -1 3 1 . 2 x1 0 - 1 2 1 .6 x 1 0 -1 2 6 .5 x 1 0 -1 3 NS
Manaary

n 1 3 5
Kal 10.165 10.757 10.306 0.963 NS

(1.5x1010) ( 5 .7 x10H>) ( 2 . 0 x1 0 1 0 )
Ka 2 8.377 8.086 8.268 0.091 NS

( 2 . 6 x1 0 ®) ( 1 . 2 x1 0 ®) (1.9x10®)
*a3 7.076 6.038 6.329 0.126 NS

( I . 2x10*1 ( 1 . 1 x1 0 *) ( 2 . 1 x1 0 *)
2 .0 x 1 0 -1 5*1 8.2x10-15 6.7x10-1* 3 .7 x 1 0 -1 5 NS

* 2 3.2x10-1* 5.5x10-1* 5.8x10-1* 8 .2 x 1 0 -1 5 NS
r 3 1 .7 x 1 0 -1 3 1 .1 x 1 0 -1 2 9 .0 x 1 0 -1 3 1 .7 x 1 0 -1 3 NS

* HF-LC -  h ig h  f a t - lo w  c a rb o h y d ra te  d i e t ;  HC-LF -  h ig h  c a rb o h y d ra te - lo w  f a t  d i e t
**n “  nuaber o f a n ia a ls ;  Ka t  "  b inding  a f f i n i t y  o f  the  h igh  a f f i n i t y  a i t e ;  Ka 2  ”  b inding a f f i n i t y  
o f  th e  a e d iu a  a f f i n i t y  slte ;IC a 3  -  b ind ing  a f f i n i t y  o f  th e  low a f f i n i t y  s i t e ;  Rj “  b ind ing  c a p a c ity  
o f  the  h igh  a f f i n i t y  s i t e ,  8 3  ■ b ind ing  c a p a c ity  o f  the  ae d iu a  a f f i n i t y  s i t e ,  R3  -  b inding c a p a c ity  
o f  th e  low a f f i n i t y  s i t e .
fB lndlng  a f f i n i t i e s  a re  l i s t e d  a s  log  Ka and as  Ka ( t f * )  d i r e c t l y  below in  p a re n th e se s ; B inding 
c a p a c i t ie s  a re  a o le s  in s u l in  bound/500 ug Lowry p r o te in .
#lv a lu e s  a re  l e a s t  squares a e an s .
+SEM -  s ta n d a rd  e r r o r  o f  th e  a e a n . SEH H a te d  f o r  Ka a re  in  t e n s  o f lo g  Ka .
++NS “  n o t s ig n i f i c a n t .  Means in  a  row n o t s h a rin g  a  com on s u p e rs c r ip t  a r e  s ig n i f ic a n t ly  d i f f e r e n t .
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l i v e r  m i c ro s o m e s ,  t h e  HC-LF g ro u p  e x h i b i t e d  a lo w er  b i n d ­

ing  a f f i n i t y  f o r  t h e  medium a f f i n i t y  b i n d i n g  s i t e  (Ka 2 ) 

t h a n  d i d  t h e  HF-LC and c o n t r o l  g r o u p s .  A l s o ,  t h e  HC-LF 

g r o u p  had a h i g h e r  b i n d i n g  c a p a c i t y  f o r  t h e  h i g h  a f f i n i t y  

b i n d i n g  s i t e  (R^) t h a n  d i d  t h e  HF-LC g r o u p ;  h o w e v e r ,  R^ o f  

t h e  HF-LC g ro u p  was n o t  d i f f e r e n t  from R^ o f  t h e  c o n t r o l  

g r o u p .  A l l  o t h e r  l i v e r  p a r a m e t e r s  were  n o t  i n f l u e n c e d  by 

d i e t  ( P > 0 . 1 0 ) .

Of i n t e r e s t  i s  t h e  f a c t  t h a t  l i v e r  m ic rosom es  o f  t h e  

HF-LC and c o n t r o l  g r o u p s  had s i m i l a r  R^ v a l u e s .  P r e v i o u s  

s t u d i e s 1 ^2 r e p o r t e d  t h a t  h i g h  f a t  d i e t s  d e c r e a s e d  i n s u l i n  

b i n d i n g  to  r a t  a d i p o c y t e s  and l i v e r  p la sm a  membranes  by 

d e c r e a s i n g  t h e  number o f  i n s u l i n  r e c e p t o r s ,  b u t  t h o s e  

s t u d i e s  d i d  n o t  i n c l u d e  a  c o n t r o l  d i e t  in  t h e i r  a n a l y s i s .  

I n s t e a d ,  a h i g h  c a r b o h y d r a t e  d i e t  was used  f o r  c o m p a r i s o n .  

Our r e s u l t s  r a i s e  t h e  q u e s t i o n ,  d o e s  t h e  h ig h  f a t  d i e t  

a c t u a l l y  d e c r e a s e  i n s u l i n  b i n d i n g  o r  d o e s  t h e  h i g h  c a r ­

b o h y d r a t e  d i e t  i n c r e a s e  i t ?

F a i l u r e  t o  d e t e c t  any d i e t a r y  e f f e c t s  r e g a r d i n g  i n s u ­

l i n  b i n d i n g  to  r a t  mammary m ic ro so m es  may have  been  due to  

t h e  l i m i t e d  sam ple  s i z e s  o f  b o t h  t h e  c o n t r o l  and HF-LC 

g r o u p s .  C o n v e r s e l y ,  t h e  d i e t a r y  d i f f e r e n c e s  d e t e c t e d  in  

Ka 2 and R^ o f  r a t  l i v e r  m ic rosom es  may have  r e s u l t e d  from



i n c l u d i n g  a l l  l i v e c  p r e p a r a t i o n s  in  t h e  a n a l y s i s .  As men­

t i o n e d  p r e v i o u s l y ,  t h e  h ig h  a f f i n i t y  p o r t i o n  o f  f o u r  o f  

t h e  S c a t c h a r d  p l o t s  f o r  l i v e r  were  p o o r l y  d e f i n e d ;  t h e r e ­

f o r e ,  i n c l u s i o n  o f  t h e s e  s am p le s  i n  t h e  a n a l y s i s  c o u ld  

have  e r r o n e o u s l y  r e s u l t e d  in  s i g n i f i c a n c e .

Numerous f a c t o r s  o t h e r  th a n  m u l t i p l e  c l a s s e s  o f  b i n d ­

ing s i t e s  can  r e s u l t  i n  n o n l i n e a r  S c a t c h a r d  p l o t s . 27 

These  f a c t o r s  a r e :  1) a h i g h  d e g r e e  o f  n o n s p e c i f i c  b i n d ­

i n g ;  2) d i f f e r e n t  b i n d i n g  a f f i n i t i e s  o f  l a b e l e d  and u n l a ­

b e l e d  l i g a n d  f o r  t h e  r e c e p t o r ;  3) d i f f e r e n t i a l  r a t e s  o f  

d e g r a d a t i o n  o f  n a t i v e  v s  l a b e l e d  l i g a n d ;  4) c o o p e r a t i v i t y  

among b i n d i n g  s i t e s ;  5) h e t e r o g e n e i t y  o f  l a b e l e d  l i g a n d ;

6} l i g a n d - l i g a n d  i n t e r a c t i o n s ;  7) i n a c t i v a t i o n  o r  c h e m ic a l  

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

r e a c t i o n ;  and 8) b i n d i n g  r e a c t i o n s  o t h e r  th a n  t h e  s im p le  

b i m o l e c u l a r  r e a c t i o n ,  A + B ■ AB.27

i n s u l i n  c o n t a i n s  fo u r  p o t e n t i a l  i o d i n a t i o n  s i t e s ,  

t y r o s i n e  r e s i d u e s  A14, A19, B16, and B26.28 B i o l o g i c a l  

a c t i v i t y  and b i n d i n g  a f f i n i t y  o f  i o d i n a t e d  i n s u l i n  v a r y  

dep e n d in g  on t h e  p o s i t i o n  o f  t h e  l a b e l ,  m o n o io d o - (A 1 9 ) -  

i n s u l i n  b e in g  r e l a t i v e l y  l e s s  p o t e n t  and monoiodo-(B16 and 

B 2 6 ) - i n s u l i n s  b e in g  r e l a t i v e l y  more p o t e n t  th a n  monoiodo-  

(A14)- i nsulin.28 use  o f  h e t e r o g e n e o u s l y - l a b e l e d  p r e p a r a ­

t i o n s  o f  i n s u l i n  ( f a c t o r  5 above) c o n t a i n i n g  s i g n i f i c a n t
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q u a n t i t i e s  o f  m o n o i o d o - ( B 2 6 ) - i n s u l i n  can r e s u l t  in  t h e

a p p e a r a n c e  o f  a h ig h  a f f i n i t y  r e c e p t o r  component  in  t h e
*

S c a t c h a r d  p l o t . 29 s i n c e  t h e  d i s t r i b u t i o n  o f  J-2 5 I - l a b e l i n g  

in  our  l 25 l - i n s u l i n  p r e p a r a t i o n  was n o t  d e t e r m i n e d ,  i t  i s  

p o s s i b l e  t h a t  t h e  h i g h  a f f i n i t y  b i n d i n g  s i t e  o b s e rv e d  in  

our  s t u d i e s  i s  due to  l i g a n d  h e t e r o g e n e i t y .  However,  

l i g a n d  h e t e r o g e n e i t y  d o e s  n o t  e x p l a i n  why we f a i l e d  t o  

d e t e c t  t h i s  h ig h  a f f i n i t y  s i t e  in  t h r e e  o f  ou r  mammary 

p r e p a r a t i o n s  b e c a u s e  a s s a y  c o n d i t i o n s  f o r  a l l  t i s s u e  p r e p ­

a r a t i o n s ,  i n c l u d i n g  t h e  l ^ i - i n s u l i n  p r e p a r a t i o n  em ployed ,  

were h e l d  c o n s t a n t .

O sca r  e t  a l 2*> r e p o r t e d  t h r e e  c l a s s e s  o f  i n s u l i n  

r e c e p t o r s  in  b o v in e  mammary m ic ro so m es ;  h o w ev e r ,  t h e y  d e ­

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

c o n v e n t i o n a l  c o m p e t i t i v e  b i n d i n g  a s s a y  and two s i t e  

S c a t c h a r d  a n a l y s i s .  Both  c l a s s e s  o f  r e c e p t o r s  were s i m i ­

l a r  in b i n d i n g  a f f i n i t i e s  (Ka i  ■ 3 . 1  x 109M_1 and Ka 2 ■

6 .3  x 107M~1) t o  t h o s e  r e p o r t e d  p r e v i o u s l y  f o r  a number o f  

t i s s u e s  and s p e c i e s . 15 u s in g  a  d i r e c t  t i t r a t i o n  a s s a y , 3® 

t h e s e  i n v e s t i g a t o r s 2^ ag a i n  d e t e c t e d  two c l a s s e s  o f  i n s u ­

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

d i f f e r e d  from t h o s e  d e t e c t e d  v i a  t h e  c o m p e t i t i v e  b i n d i n g  

a s s a y .  The b i n d i n g  a f f i n i t y  o f  t h e  h ig h  a f f i n i t y  s i t e  

d e t e c t e d  by t h e  d i r e c t  t i t r a t i o n  method was 1 7 - f o l d  h i g h e r

r
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t h a n  t h a t  o f  t h e  h i g h  a f f i n i t y  s i t e  d e t e c t e d  u s i n g  t h e  

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

low a f f i n i t y  s i t e  d e t e c t e d  by d i r e c t  t i t r a t i o n  was s i m i l a r  

t o  t h a t  o f  t h e  h i g h  a f f i n i t y  s i t e  d e t e c t e d  by t h e  c o m p e t i ­

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

b i n d i n g  a s s a y  was n o t  s e n s i t i v e  enough t o  d e t e c t  t h e  h ig h  

a f f i n i t y  s i t e  d e t e r m i n e d  by d i r e c t  t i t r a t i o n .  T h e i r  

r e s u l t s  s u p p o r t  ou r  p r o p o s a l  t h a t  t h e  h i g h  a f f i n i t y  i n s u ­

l i n  b i n d i n g  s i t e  d e t e c t e d  w i t h  t h e  two s i t e  model i s  

e q u i v a l e n t  t o  t h e  medium a f f i n i t y  s i t e  d e t e c t e d  w i t h  t h e  

t h r e e  s i t e  m o d e l .

The i n a b i l i t y  o f  O sca r  e t  al26 t o  d e t e c t  t h e  h i g h e s t  

a f f i n i t y  s i t e  u s in g  t h e  c o m p e t i t i v e  b i n d i n g  a s s a y  may have  

r e s u l t e d  from a l a c k  o f  d a t a  p o i n t s  i n  t h i s  c r i t i c a l  

r e g i o n  o f  t h e  c u r v e .  Kahn^S i n d i c a t e d  t h a t  S c a t c h a r d  

p l o t s  can  be m i s i n t e r p r e t e d  i f  t h e  b i n d i n g  d a t a  a r e  incom­

p l e t e .  S e v e r a l  investigators^^-18 hav e  e r r o n e o u s l y  r e ­

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

f a i l e d  to  a n a l y z e  t h e  e n t i r e  b i n d i n g  c u r v e .  Kono and Bar­

ham, a n a l y z i n g  o n l y  t h e  low a f f i n i t y  p o r t i o n  o f  t h e  

S c a t c h a r d  c u r v e ,  r e p o r t e d  a b i n d i n g  a f f i n i t y  o f  2 x 

1 0 8 ^ - 1 , C o n v e r s e l y ,  C u a t r e c a s a s , 1'7,18 a n a l y z i n g  o n l y  t h e  

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

b i n d i n g  a f f i n i t y  o f  2 x 1010M-1. Our a b i l i t y  t o  d e t e c t

r
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t h r e e  r e c e p t o r  s i t e s  was f a c i l i t a t e d  by  t h e  i n c l u s i v e n e s s  

and r a n g e  o f  o u r  b i n d i n g  d a t a .  D e s p i t e  t h e  i n c l u s i v e n e s s  

o f  o u r  d a t a ,  t h e  h i g h  and low a f f i n i t y  r e g i o n s  o f  ou r  c u r ­

v e s  were s t i l l  somewhat d e f i c i e n t  in  d a t a  p o i n t s  r e s u l t i n g  

i n  an i n a b i l i t y  t o  a c c u r a t e l y  d e s c r i b e  Ka and R f o r  t h e s e  

s i t e s .  N e v e r t h e l e s s ,  t h e  q u a l i t a t i v e  e x i s t e n c e  o f  t h r e e  

i n s u l i n  b i n d i n g  s i t e s  was v e r i f i e d  by b o t h  v i s u a l  and 

m a t h e m a t i c a l  means .

B i o l o g i c a l  s i g n i f i c a n c e  i s  u s u a l l y  a t t r i b u t e d  o n l y  t o  

t h e  h i g h  a f f i n i t y - l o w  c a p a c i t y  s i t e  in  t h e  h e t e r o g e n e o u s  

r e c e p t o r  model o f  i n s u l i n  b i n d i n g .25,31 However,  Kono32 

h a s  d i s p u t e d  t h i s  c o n c e p t  on t h e  b a s i s  t h a t  c e r t a i n  b i o ­

l o g i c a l  e f f e c t s  o f  i n s u l i n  o c c u r  o n l y  a t  h i g h e r  i n s u l i n  

c o n c e n t r a t i o n s .  F u r t h e r m o r e ,  F r e y c h e t  e t  al33 d e m o n s t r a t ­

ed t h a t  i n s u l i n  a n a l o g u e s  d i s p l a c e  1 2 5 i _ i n s u l i n  from t h e  

low a f f i n i t y - h i g h  c a p a c i t y  r e c e p t o r  s i t e  in  o r d e r  o f  t h e i r  

b i o a c t i v i t y .  T h e r e f o r e ,  i t  would a p p e a r  t h a t  i n s u l i n  may 

s p e c i f i c a l l y  b in d  to  t h e s e  low a f f i n i t y  s i t e s  t o  e x e r t  

c e r t a i n  b i o l o g i c a l  e f f e c t s .

I t  i s  w e l l  e s t a b l i s h e d  t h a t  t h e  i n s u l i n - l i k e  g ro w th  

f a c t o r s  (IGFs) s h a r e  s t r u c t u r a l  and b i o l o g i c a l  s i m i l a r i ­

t i e s  w i t h  in s ulin.34 IGFs mimic t h e  e f f e c t s  o f  i n s u l i n

in  a d i p o s e  t i s s u e  by s t i m u l a t i n g  g l u c o s e  t r a n s p o r t  a s  w e l l  

a s  g l y c o g e n ,  p r o t e i n  and l i p i d  s y n t h e s i s  and by i n h i b i t i n g
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lipolysis.35 i n  m u s c l e ,  t h e  i n s u l i n - l i k e  e f f e c t s  o f  IGFs 

i n c l u d e  en h ancem en t  o f  g l u c o s e  t r a n s p o r t ,  g l y c o l y s i s ,  and 

g ly c o g e n  and p r o t e i n  synth e s i s . 35

To d a t e ,  two t y p e s  o f  IGF r e c e p t o r s  h av e  been  s t r u c ­

t u r a l l y  i d e n t i f i e d ,  t h e  Type I r e c e p t o r ,  which  b i n d s  IGF I 

w i t h  g r e a t e r  a f f i n i t y  t h a n  IGF I I ,  and t h e  Type I I  r e c e p ­

t o r ,  which  b i n d s  IGF I I  w i t h  g r e a t e r  a f f i n i t y  t h a n  IGF

1.36 The Type I r e c e p t o r  i s  s t r u c t u r a l l y  s i m i l a r  t o  t h e  

i n s u l i n  r e c e p t o r  in  m o l e c u l a r  w e ig h t  and s u b u n i t  co m p o s i -  

tion36 and b i n d s  i n s u l i n  a t  h i g h  i n s u l i n  c o n c e n t r a t i o n s  

(Ka “ 6 . 0  -  8 . 9  x 10®M" -̂) . 3 7 ,3 8  The Type I I  r e c e p t o r  a p ­

p e a r s  s t r u c t u r a l l y  u n r e l a t e d  to  t h e  i n s u l i n  r e c e p t o r  which 

may a c c o u n t  f o r  i t s  i n a b i l i t y  t o  b in d  i n s u l i n . 36 Addi­

t i o n a l  t y p e s  o f  IGF r e c e p t o r s  have  been  p o s t u l a t e d  b e c a u s e  

th e  p a t t e r n s  o f  b i n d i n g  c r o s s r e a c t i v i t y  c a n n o t  be  e x ­

p l a i n e d  s o l e l y  on t h e  b a s i s  o f  two r e c e p t o r  t y p e s . 34 Re­

c e n t l y ,  H in t z  e t  al39 c h a r a c t e r i z e d  a t h i r d  t y p e  o f  IGF 

r e c e p t o r  in  human lymphoid c e l l s  and p l a c e n t a l  membranes.  

T h i s  Type I I I  IGF r e c e p t o r  had a p p r o x i m a t e l y  e q u a l  a f f i n i ­

t y  f o r  IGF I and I I  (Ka « 1 .7  x lO ^ fT 1 and 1 . 2  x 109M~1, 

r e s p e c t i v e l y )  and o n l y  s l i g h t l y  l e s s  a f f i n i t y  f o r  i n s u l i n  

{Ka » 3 x 10&M” 1 ) . I n t e r e s t i n g l y ,  t h e  a f f i n i t y  c o n s t a n t s  

r e p o r t e d  in  our  s t u d y  f o r  t h e  medium and low a f f i n i t y  i n ­

s u l i n  r e c e p t o r s  o f  l i v e r  (Ka » 4 .9  x 108M-1 and
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3 .6  x 106M- 1 r r e s p e c t i v e l y )  and mammary t i s s u e  (Ka « 2 . 0  x 

10®M” 1 and 3 . 6  x 106M"1 r r e s p e c t i v e l y )  c o r r e s p o n d  c l o s e l y  

w i th  t h e  a f f i n i t y  c o n s t a n t s  r e p o r t e d  f o r  i n s u l i n  b i n d i n g  

t o  t h e  Type I I I 32 and Type i 3 7 f 38 j q p  r e c e p t o r s  (Ka = 3 x 

108^-1  a nd 6 . 0  -  8 . 9  x 106M- 1 , r e s p e c t i v e l y ) .

Campbel l  and B aum rucker^0 r e c e n t l y  c h a r a c t e r i z e d  IGF 

I r e c e p t o r s  in  b o v i n e  mammary m ic rosom es  u s in g  1251-  

r e c o m b in a n t  human somatomedin  C. F u r t h e r m o r e ,  Type I 

r e c e p t o r s  have  been  i d e n t i f i e d  in  c e r t a i n  c e l l  l i n e s  o f  

r a t  l i v e r  (BRL-3A2), 4 1 ,4 2  The p r e s e n c e  o f  Type I IGF 

r e c e p t o r s  i n  r a t  l i v e r  and mammary p r e p a r a t i o n s  in  a d d i ­

t i o n  t o  t h e  r e c e n t  c h a r a c t e r i z a t i o n  o f  a  Type I I I  r e c e p t o r  

in  human lymphoid and p l a c e n t a l  p r e p a r a t i o n s  r a i s e s  t h e  

i n t e r e s t i n g  p o s s i b i l i t y  t h a t  t h e  medium and low a f f i n i t y  

i n s u l i n  b i n d i n g  s i t e s  d e s c r i b e d  in  t h i s  r e p o r t  may r e p ­

r e s e n t  Type I I I  and Type I IGF r e c e p t o r s ,  r e s p e c t i v e l y .  

C l e a r l y ,  a b ro ad  i n v e s t i g a t i o n  o f  i n s u l i n  and IGF b i n d i n g  

to  mammary and l i v e r  c e l l  r e c e p t o r s ,  a s  w e l l  a s  i s o l a t i o n  

and i d e n t i f i c a t i o n  o f  t h e  p ro p o se d  r e c e p t o r  t y p e s ,  w i l l  be 

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

r e c e p t o r  s i t e s .

In  c o n c l u s i o n ,  d i e t  had no e f f e c t  on t h e  i n s u l i n  

b i n d i n g  p a r a m e t e r s  o f  r a t  l i v e r  and mammary m ic rosom es  

d e r i v e d  u s in g  t h e  two s i t e  m o d e l .  However ,  a  two s i t e
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model  d i d  n o t  a c c u r a t e l y  d e s c r i b e  t h e  i n s u l i n  b i n d i n g  

d a t a .  I n s t e a d ,  a t h r e e  s i t e  model was s u p e r i o r  in  f i t t i n g  

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

t w e lv e  r a t  mammary m ic ro so m a l  p r e p a r a t i o n s .  A l though  t h e  

a p p e a r a n c e  o f  a h ig h  a f f i n i t y  s i t e  in  t h e s e  s t u d i e s  may 

h av e  r e s u l t e d  from th e  use  o f  h e t e r o g e n e o u s l y - l a b e l e d  

125I - i n s u l i n , t h i s  seems u n l i k e l y  s i n c e  t h e  two s i t e  model 

was s u p e r i o r  in  f i t t i n g  t h e  d a t a  o f  t h r e e  o f  t h e  mammary 

p r e p a r a t i o n s .  U n c e r t a i n t y  in  f i t t i n g  t h e  h ig h  a f f i n i t y  

s i t e  u s in g  t h e  t h r e e  s i t e  model  f o r  s i x  o f  t h e  t i s s u e  

p r e p a r a t i o n s  ( f o u r  l i v e r  and two mammary) was due  to  a 

l a c k  o f  d a t a  p o i n t s  in  t h i s  r e g i o n  o f  t h e  c u r v e .  A n a l y s i s  

o f  t h e  l i v e r  and mammary b i n d i n g  p a r a m e t e r s  e s t i m a t e d  w i th  

t h e  t h r e e  s i t e  model r e s u l t e d  in  s i g n i f i c a n t  d i e t a r y  e f ­

f e c t s  f o r  o n l y  R]_ and Ka 2 o f  c a t  l i v e r .  T h e r e f o r e ,  a more 

th o ro u g h  e x a m i n a t i o n  o f  i n s u l i n  b i n d i n g  in  t h e  c o n c e n t r a ­

t i o n  r a n g e  o f  0 -  5 x 10"10M ( 0 - 3  ng/ra l) i s  needed to  

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

b i n d i n g  to  t h i s  s i t e .  F u r t h e r m o r e ,  d i e t a r y  s t u d i e s  em­

p l o y i n g  more a n i m a l s  p e r  t r e a t m e n t  a r e  needed b e f o r e  d e ­

f i n i t i v e  c o n c l u s i o n s  can  be made c o n c e r n i n g  th e  e f f e c t  o f  

d i e t a r y  f a t  on i n s u l i n  r e c e p t o r s  in  r a t  l i v e r  and mammary 

g l a n d .
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CHAPTER VI

CONCLUSIONS

I n s u l i n  c e c e p b o r s  were  i d e n t i f i e d  in  b o v i n e  mammary 

m i c ro s o m e s .  These  r e c e p t o r s  were  s i m i l a r  to  i n s u l i n  

r e c e p t o r s  i n  o t h e r  t i s s u e s  and s p e c i e s  w i t h  r e s p e c t  t o  pH 

opt im um , b i n d i n g  a f f i n i t y ,  and b i n d i n g  s p e c i f i c i t y .  

S c a t c h a r d  p l o t s  o f  t h e  i n s u l i n  b i n d i n g  d a t a  f o r  b o v i n e  

mammary m ic ro so m es  were c u r v i l i n e a r ,  i n d i c a t i n g  t h e  p r e s ­

e n c e  o f  two c l a s s e s  o f  i n s u l i n  r e c e p t o r s ,  a h i g h  a f f i n i t y -  

low c a p a c i t y  s i t e  and a low a f f i n i t y - h i g h  c a p a c i t y  s i t e .

I f  t h e  h ig h  a f f i n i t y - l o w  c a p a c i t y  s i t e  r e p r e s e n t s  t h e  

b i o l o g i c a l  i n s u l i n  r e c e p t o r  a s  h a s  been  p o s t u l a t e d  (9 ,

1 5 ) ,  i n s u l i n  r e c e p t o r  o c c u p a n c y  would exceed  50% a t  most  

p h y s i o l o g i c a l  i n s u l i n  c o n c e n t r a t i o n s .  E x t r e m e ly  low p l a s ­

ma i n s u l i n  c o n c e n t r a t i o n s ,  a s  s een  d u r i n g  s t a r v a t i o n ,  

would s t i l l  r e s u l t  i n  26% l o a d i n g  o f  b o v i n e  mammary i n s u ­

l i n  r e c e p t o r s .  S in c e  t h e  " s p a r e  r e c e p t o r "  t h e o r y  o f  i n s u ­

l i n  a c t i o n  (20) m a i n t a i n s  t h a t  r e c e p t o r  o c c u p a n c y  o f  o n l y  

10% i s  r e q u i r e d  f o r  maximal s t i m u l a t i o n  o f  t h e  c e l l ,  b o ­

v i n e  mammary e p i t h e l i a l  c e l l s  o u g h t  to  b e  under  maximal 

i n s u l i n  s t i m u l a t i o n  a t  a l l  t i m e s .  H ence ,  i n s u l i n  r e c e p t o r

129
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r e g u l a t i o n  in  b o v i n e  mammary t i s s u e  would be o f  q u e s ­

t i o n a b l e  p h y s i o l o g i c a l  s i g n i f i c a n c e .

C o n v e r s e l y ,  n o t  a l l  i n s u l i n - s e n s i t i v e  m e t a b o l i c  p a t h ­

ways n e c e s s a r i l y  conform to  t h e  " s p a r e  r e c e p t o r "  t h e o r y .  

Some i n s u l i n - s e n s i t i v e  p r o c e s s e s ,  s u c h  a s  amino a c i d  up­

t a k e  in r a t  h e p a t o c y t e s  ( 3 ) ,  r e sp o n d  in  a d o s e - d e p e n d e n t  

f a s h i o n .  M oreover ,  a b a s e l i n e  l e v e l  o f  10% i n s u l i n  r e c e p ­

t o r  occu p an cy  f o r  maximal c e l l u l a r  s t i m u l a t i o n  i s  somewhat 

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

e l i c i t  t h e  maximal c e l l u l a r  r e s p o n s e  v a r i e s  a s  a f u n c t i o n  

o f  t h e  m e t a b o l i c  pathway (3 ,  1 9 ) ,  s p e c i e s  (19 ,  2 5 ) ,  o r  

t i s s u e  (13) in  q u e s t i o n .  T h e r e f o r e ,  a r e g u l a t o r y  r o l e  f o r  

t h e  i n s u l i n  r e c e p t o r  in mammary m e ta b o l i s m  c a n n o t  b e  r u l e d  

ou t  on t h e  b a s i s  o f  r e c e p t o r  o c cu p a n c y  l e v e l s  a l o n e .  

C o o r d i n a t e d  s t u d i e s  exam in ing  t h e  e f f e c t  o f  i n s u l i n  on 

g l u c o s e ,  l i p i d ,  and p r o t e i n  m e ta b o l i sm  in b o v in e  mammary 

c e l l s  o r  a l v e o l i  a s  w e l l  a s  i n s u l i n  b i n d i n g  to  t h e s e  p r e p ­

a r a t i o n s  w i l l  be n e c e s s a r y  to  d e t e r m i n e  th e  r e l a t i o n s h i p  

be tween  i n s u l i n  b i n d i n g  and s u b s e q u e n t  p h y s i o l o g i c a l  a c ­

t i o n  in  t h e  mammary g l a n d .

Kono (34) has  d i s p u t e d  t h a t  t h e  h ig h  a f f i n i t y  i n s u l i n  

b i n d i n g  s i t e  i s  t h e  b i o l o g i c a l  i n s u l i n  r e c e p t o r  on the  

b a s i s  t h a t  c e r t a i n  b i o l o g i c a l  e f f e c t s  o f  i n s u l i n  o ccu r  

o n l y  a t  h ig h  i n s u l i n  c o n c e n t r a t i o n s .  T h i s  r a i s e s  t h e

r
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i n t e r e s t i n g  p o s s i b i l i t y  t h a t  b o t h  c l a s s e s  o£ i n s u l i n  

r e c e p t o r s  a r e  i n v o l v e d  in  i n s u l i n  a c t i o n ,  b u t  t h a t  e a c h  

m e d i a t e s  d i f f e r e n t  e f f e c t s  o f  i n s u l i n .  With r e s p e c t  to  

t h e  mammary c e l l ,  t h e  h i g h  a f f i n i t y  s i t e  c o u l d  be  r e s p o n ­

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

S in c e  t h e  h ig h  a f f i n i t y  s i t e  would be s a t u r a t e d  a t  a l l  

i n s u l i n  and i n s u l i n  r e c e p t o r  c o n c e n t r a t i o n s ,  t h i s  s i t e  

would be f u l l y  a c t i v a t e d  a t  a l l  t i m e s ,  i . e . ,  no g r a d a t i o n  

in  r e s p o n s e  would be a p p a r e n t .  T h i s  c o u ld  be a  m e t a b o l i c  

a d a p t a t i o n  o f  t h e  g l a n d  to  e n s u r e  maximal a c t i v i t y  o f  

m e t a b o l i c  pa thw ays  v i t a l  to  t h e  m a i n t e n a n c e  o f  m i l k  s e c r e ­

t i o n ,  s u c h  a s  g l u c o s e  t r a n s p o r t .

On th e  o t h e r  h a n d ,  t h e  low a f f i n i t y  s i t e  c o u ld  be 

r e s p o n s i b l e  f o r  t h e  r e g u l a t o r y  r o l e  o f  i n s u l i n  in  mammary 

m e t a b o l i s m .  J o n e s  e t  a l .  (8) r e p o r t e d  t h a t  a s m a l l  phys ­

i o l o g i c a l  i n c r e a s e  in  p la sm a  i n s u l i n  c o n c e n t r a t i o n  r e s u l t ­

ed in  a s i g n i f i c a n t  i n c r e a s e  in  mammary l i p o g e n e s i s  in  t h e  

r a t .  In v iew  o f  t h e  low Ka v a l u e  o f  t h e  low a f f i n i t y  

r e c e p t o r ,  i t  seems u n l i k e l y  t h a t  t h e  s l i g h t  i n c r e a s e  in 

r e c e p t o r  o c c u p a n c y  r e s u l t i n g  from such  a s m a l l  r i s e  in 

p la sm a  i n s u l i n  c o u l d  a c c o u n t  f o r  t h e  d e g r e e  o f  i n c r e a s e d  

r e s p o n s i v e n e s s  o b s e r v e d  in  t h i s  s t u d y .  Hence,  i t  d o e s  n o t  

a p p e a r  l i k e l y  t h a t  t h e  low a f f i n i t y  s i t e  i s  r e s p o n s i b l e  

f o r  t h e  r e g u l a t o r y  r o l e  o f  i n s u l i n  in  t h e  g l a n d .
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Assuming t h a t  t h e  h i g h  a f f i n i t y  i n s u l i n  b i n d i n g  s i t e  

i s  t h e  b i o l o g i c a l  i n s u l i n  r e c e p t o r ,  b o t h  m a i n t e n a n c e  and 

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

same b i n d i n g  s i t e *  T h i s  s u g g e s t s  t h a t  a  h i g h e r  l e v e l  o f  

c o n t r o l  e x i s t s  beyond th e  r e c e p t o r  i t s e l f .  To d a t e ,  two 

p u t a t i v e  seco n d  m e s s e n g e r s  f o r  t h e  i n s u l i n  r e c e p t o r  have  

been  i d e n t i f i e d ,  a  t y r o s i n e  k i n a s e  which  i s  i n t r i n s i c  to  

t h e  i n s u l i n  r e c e p t o r  (23) and a low m o l e c u l a r  w e ig h t  p o l y ­

p e p t i d e  which  i s  r e l e a s e d  from t h e  p la sm a  membrane ( 2 4 ) .  

Both  m e d i a t o r s  a p p e a r  to  f u n c t i o n  d i f f e r e n t l y ,  t h e  k i n a s e  

v i a  p h o s p h o r y l a t i o n  r e a c t i o n s  (23) and th e  p o l y p e p t i d e  v i a  

d e p h o s p h o r y l a t i o n  r e a c t i o n s  ( 2 4 ) .  I t  i s  p o s s i b l e  t h a t  one 

o f  t h e s e  m e s s e n g e r s  i s  r e s p o n s i b l e  f o r  t h e  m a i n t e n a n c e  

e f f e c t s  o f  i n s u l i n  in  t h e  c e l l  w h i l e  t h e  o t h e r  i s  r e s p o n ­

s i b l e  f o r  t h e  r e g u l a t o r y  e f f e c t s .  I f  t h i s  i s  t h e  c a s e ,  

some mechanism must  be o p e r a t i n g  w hereby  i n s u l i n  b i n d i n g  

to  t h e  r e c e p t o r  r e s u l t s  in  d i f f e r e n t i a l  g e n e r a t i o n  o f  ea c h  

m e s s e n g e r .  D i f f e r e n t i a l  m e ss e n g e r  g e n e r a t i o n  c o u l d  be 

l i n k e d  to  r e c e p t o r  o c c u p a n c y  l e v e l  a n d / o r  s t r u c t u r a l  a r ­

r an g em en t  o f  r e c e p t o r s  in  t h e  p lasm a  membrane.  Examina­

t i o n  o f  t h e  r e l a t i o n s h i p  b e tw een  i n s u l i n  r e c e p t o r  

o c c u p a n c y  and second  m e s s e n g e r  g e n e r a t i o n ,  a s  w e l l  a s  

i d e n t i f i c a t i o n  o f  t h o s e  m e t a b o l i c  pa thw ays  i n f l u e n c e d  by
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e a c h  m e s s e n g e r  w i l l  be  r e q u i r e d  t o  v e r i f y  a d u a l  mode o f  

i n s u l i n  a c t i o n  in  mammary c e l l s .

S c a t c h a r d  p l o t s  o f  t h e  i n s u l i n  b i n d i n g  d a t a  f o r  r a t  

mammary m ic ro s o m e s ,  l i k e  t h o s e  f o r  b o v i n e  mammary m i c r o ­

som es ,  w e re  c u r v i l i n e a r  s u g g e s t i n g  t h e  p r e s e n c e  o f  m u l t i ­

p l e  c l a s s e s  o f  i n s u l i n  b i n d i n g  s i t e s .  However ,  u s e  o f  t h e  

NONLIN p rog ram  (17)  to  f i t  t h e  b i n d i n g  d a t a  o f  r a t  mammary 

m ic ro so m es  i n d i c a t e d  t h e  p r e s e n c e  o f  t h r e e  r a t h e r  t h a n  two 

c l a s s e s  o f  i n s u l i n  r e c e p t o r s ,  s i n c e  a t h r e e  s i t e  model  

was n o t  employed to  f i t  t h e  b i n d i n g  d a t a  o f  b o v i n e  mammary 

m i c ro s o m e s ,  i t  i s  p o s s i b l e  t h a t  t h e  t h r e e  s i t e  model  may 

hav e  p r o v id e d  a b e t t e r  f i t  th a n  t h e  two s i t e  m o d e l .  Oscar  

e t  a l .  (21)  r e p o r t e d  t h r e e  c l a s s e s  o f  i n s u l i n  r e c e p t o r s  in  

b o v i n e  mammary m ic ro s o m e s ;  h e n c e ,  a t h i r d  c l a s s  o f  i n s u l i n  

r e c e p t o r s  may hav e  been  p r e s e n t  in  ou r  p r e p a r a t i o n s  which  

went u n d e t e c t e d  when t h e  two s i t e  model  was em p lo y ed .

The b i n d i n g  a f f i n i t i e s  o f  t h e  medium and low a f f i n i t y  

b i n d i n g  s i t e s  in  r a t  mammary m ic ro so m e s  c o r r e s p o n d e d  

c l o s e l y  w i th  t h e  b i n d i n g  a f f i n i t y  o f  i n s u l i n  f o r  t h e  Type 

I I I  and Type I i n s u l i n - l i k e  g ro w th  f a c t o r  (IGF) r e c e p t o r s ,  

r e s p e c t i v e l y .  Campbel l  and Baumrucker  (2) hav e  i d e n t i f i e d  

Type I r e c e p t o r s  in  b o v i n e  mammary m ic ro s o m e s .  T h e r e f o r e ,  

t h e  medium and low a f f i n i t y  b i n d i n g  s i t e s  f o r  i n s u l i n  in
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ca t  mammary m i c r o s o m e s , a s  w e l l  a s  t h e  low a f f i n i t y  b i n d ­

ing s i t e  f o r  i n s u l i n  in  b o v i n e  mammary m ic rosom es  may r e p ­

r e s e n t  IGF r e c e p t o r s .

IGFs,  a s  t h e  name i m p l i e s , s h a r e  many b i o l o g i c a l  

s i m i l a r i t i e s  w i t h  i n s u l i n .  L ike  i n s u l i n , IGFs h a v e  been  

shewn to  s t i m u l a t e  g l u c o s e  t r a n s p o r t ,  g l y c o l y s i s ,  

g l y c o g e n e s i s ,  l i p o g e n e s i s ,  and p r o t e i n  s y n t h e s i s  ( 5 ) .  I f  

IGF r e c e p t o r s  a r e  p r e s e n t  in  t h e  mammary g l a n d ,  i t  i s  p o s ­

s i b l e  t h a t  some o f  t h e  e f f e c t s  n o r m a l l y  a t t r i b u t e d  to  i n ­

s u l i n  in  t h i s  t i s s u e  a r e ,  i n  f a c t ,  c a u s e d  by IGFs.  For 

e x a m p le ,  i n s u l i n  h a s  been  shown to  s t i m u l a t e  amino a c i d  

u p t a k e  ( 1 4 ) ,  a s  w e l l  a s  s y n t h e s i s  o f  c a s e i n  ( 1 8 ) ,  c a s e i n  

mRNA ( 1 ) ,  and a - l a c t a l b u m i n  (18) by t h e  r o d e n t  mammary 

g l a n d .  However,  t h e  c o n c e n t r a t i o n  o f  i n s u l i n  r e q u i r e d  f o r  

t h e s e  s t i m u l a t o r y  e f f e c t s  i s  20-5000  f o l d  more  t h an  th e  

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

n o r i ru m in a n t s .  S in c e  i n s u l i n  b i n d s  t o  t h e  Type I IGF 

r e c e p t o r  a t  h ig h  i n s u l i n  c o n c e n t r a t i o n s ,  t h e  s t i m u l a t o r y  

e f f e c t  o f  i n s u l i n  on mammary p r o t e i n  m e t a b o l i s m  may be  

m e d ia t e d  v i a  t h e  Type I r e c e p t o r .  With  t h i s  in  m in d ,  t h e  

p o s s i b i l i t y  e x i s t s  t h a t  t h e  r e g u l a t o r y  r o l e  o f  i n s u l i n  in 

mammary m e t a b o l i s m  i s  m e d i a t e d  v i a  an IGF r e c e p t o r ,  and
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h e n c e ,  i s  a t t r i b u t a b l e  t o  IGFs r a t h e r  t h a n  i n s u l i n .  Id e n ­

t i f i c a t i o n  o f  IGF r e c e p t o r s  in  t h e  mammary g l a n d  p l u s  d i f ­

f e r e n t i a t i o n  b e tw een  th e  m e t a b o l i c  e f f e c t s  o f  i n s u l i n  and 

IGF in  t h i s  t i s s u e  a r e  n e c e s s a r y  i f  i n s u l i n ' s  r o l e  in  mam­

mary m e t a b o l i s m  i s  t o  be  f u l l y  u n d e r s t o o d .

S p e c i f i c  i n s u l i n  b i n d i n g  to  b o v i n e  m i l k  f a t  g l o b u l e  

membranes  (MFGM) was s i m i l a r  to  t h a t  s een  in  f r e e z e - t h a w e d  

b o v i n e  mammary m ic ro s o m e s .  S in c e  s p e c i f i c  i n s u l i n  b i n d i n g  

t o  b o v i n e  mammary m ic ro so m es  i s  i n d i c a t i v e  o f  an i n s u l i n  

r e c e p t o r  in  b o v i n e  mammary t i s s u e ,  i t  seems r e a s o n a b l e  to  

c o n c l u d e  t h a t  s p e c i f i c  i n s u l i n  b i n d i n g  to  b o v i n e  MFGM i s  

a l s o  i n d i c a t i v e  o f  an i n s u l i n  r e c e p t o r .  T h i s  p r o p o s a l  i s  

f u r t h e r  s u p p o r t e d  by t h e  p r e s e n c e  o f  i n s u l i n  r e c e p t o r s  in 

c a p r i n e  and m u r in e  MFGM ( 4 ) .

I n s u l i n  r e c e p t o r s  in  MFGM p r o b a b l y  r e f l e c t  i n s u l i n  

r e c e p t o r s  i n  t h e  a p i c a l  p lasm a  membrane o f  t h e  mammary 

e p i t h e l i a l  c e l l  a s  MFGM a r e  d e r i v e d  from t h e  a p i c a l  p la sm a  

membrane ( 1 6 ) .  However ,  t h e  o r i g i n  a n d / o r  f u n c t i o n  o f  

i n s u l i n  r e c e p t o r s  in  t h e  a p i c a l  p la sm a  membrane i s  un­

known. In t h e  mammary c e l l ,  i n s u l i n  i s  i n t e r n a l i z e d  

r a p i d l y  v i a  a r e c e p t o r - m e d i a t e d  p r o c e s s  ( 8 ) ,  a l t h o u g h  t h e  

f a t e  o f  t h e  i n t e r n a l i z e d  i n s u l i n - r e c e p t o r  complex h a s  y e t



t o  be  d e t e r m i n e d .  In m ost  c e l l s ,  t h e  i n t e r n a l i z e d  com­

p l e x e s  l o c a l i z e  a t  t h e  ly sosom es  where i n s u l i n ,  t h e  r e c e p ­

t o r ,  o r  b o t h  a r e  d e g r a d e d  ( 2 2 ) .  But in  t h e  a c t i v e l y -  

s e c r e t i n g  mammary e p i t h e l i a l  c e l l ,  l y so s o m a l  a c t i v i t y  

seems t o  b e  m in im al  (6 ,  7 ) .  Recen t  e v i d e n c e  (10) s u g g e s t s  

t h a t  t h e  i n s u l i n  r e c e p t o r  may s e r v e  a s  a t r a n s p o r t  p r o t e i n  

in  b o v in e  e n d o t h e l i a l  c e l l s ,  t r a n s l o c a t i n g  i n t a c t  i n s u l i n  

u n i d i r e c t i o n a l l y  a c r o s s  t h e  c e l l  from t h e  b lo o d  to  th e  

e x t r a c e l l u l a r  s p a c e .  The mammary c e l l ,  l i k e  t h e  en ­

d o t h e l i a l  c e l l ,  may t r a n s l o c a t e  i n s u l i n - r e c e p t o r  com plexes  

u n i d i r e c t i o n a l l y  from th e  b a s o l a t e r a l  to  t h e  a p i c a l  p lasma 

membrane. Such r e c e p t o r  t r a f f i c k i n g  c o u ld  a c c o u n t  f o r  

i n s u l i n  (12) and i n s u l i n  r e c e p t o r s  in  m i l k  and m ig h t  r e p ­

r e s e n t  a s im p le  a l t e r n a t i v e  to  ly so so m a l  d e g r a d a t i o n  o f  

t h e  co m p lex .  F u r t h e r m o r e ,  i f  u n i d i r e c t i o n a l  t r a n s l o c a t i o n  

o f  i n s u l i n  r e c e p t o r s  o c c u r s  a s  d e c r i b e d ,  t h e  i n s u l i n  

r e c e p t o r  o f  t h e  a p i c a l  p lasm a membrane would r e f l e c t  i n s u ­

l i n  r e c e p t o r s  o f  t h e  b a s o l a t e r a l  membranes;  t h e r e f o r e ,

MFGM c o u ld  be used  to  m o n i t o r  t h e  i n s u l i n  r e c e p t o r  s t a t u s  

o f  t h e  mammary g l a n d .

I f  t h e  scheme o f  i n s u l i n  r e c e p t o r  t r a f f i c k i n g  p r o ­

posed above i s  v a l i d ,  t h e  f a c t  t h a t  i n s u l i n  r e c e p t o r s  in
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MFGM a r e  r e g u l a t e d  by p h y s i o l o g i c a l  and n u t r i t i o n a l  f a c ­

t o r s  s u g g e s t s  t h a t  the  g l a n d  may be  a b l e  to  r e g u l a t e  i n s u ­

l i n  a c t i o n  b y  r e g u l a t i n g  th e  f lo w  o f  i n s u l i n - r e c e p t o r  com­

p l e x e s .  R e g u l a t i o n  o f  i n s u l i n - r e c e p t o r  complex t u r n o v e r  

may r e p r e s e n t  one means by  which t h e  mammary c e l l  c o u ld  

m o d u la te  i t s  i n s u l i n  r e s p o n s i v e n e s s  i n d e p e n d e n t  o f  i n s u l i n  

r e c e p t o r  numbers a n d / o r  b i n d i n g  a f f i n i t y .

A l though  some o f  t h e  i n s u l i n  r e c e p t o r s  in  t h e  a p i c a l  

p lasm a membrane,  and h en ce  MFGM, seem to  r e p r e s e n t  t r a n s ­

l o c a t e d  b a s o l a t e r a l  r e c e p t o r s ,  n o t  a l l  r e c e p t o r s  in  th e  

a p i c a l  p lasm a membrane a r e  n e c e s s a r i l y  o f  b a s o l a t e r a l  o r i ­

g i n .  G o l g i - d e r i v e d  s e c r e t o r y  v e s i c l e s  a r e  t h o u g h t  to  

r e p l e n i s h  t h e  a p i c a l  p lasm a membrane d e p l e t e d  d u r i n g  m i lk  

f a t  s e c r e t i o n  ( 1 6 ) .  In a d d i t i o n ,  i n s u l i n  r e c e p t o r s  have  

been  i d e n t i f i e d  in  t h e  G olg i  c i s t e r n a e ,  i m p l i c a t i n g  t h i s  

o r g a n e l l e  in  i n s u l i n  r e c e p t o r  s y n t h e s i s  ( 2 2 ) .  T h e r e f o r e ,  

i n s u l i n  b i n d i n g  s i t e s  in  t h e  a p i c a l  p lasm a membrane may 

r e p r e s e n t  newly  s y n t h e s i z e d  i n s u l i n  r e c e p t o r s .  A b i o l o g i ­

c a l  f u n c t i o n  f o r  t h e  i n s u l i n  r e c e p t o r  a t  t h e  a p i c a l  s u r ­

f a c e  o f  t h e  mammary e p i t h e l i a l  c e l l  seems im p ro b a b le  s i n c e  

i n s u l i n  i s  p r e s e n t  in  m i lk  (12-115 }i(J/ml) (12) and c o u ld  

p o t e n t i a l l y  t r i g g e r  i n t r a c e l l u l a r  e v e n t s  t h r o u g h  an a p i c a l  

membrane r e c e p t o r .  T h e r e f o r e ,  t h e  s e c r e t i n g  g l a n d  would 

be s e l f  s t i m u l a t i n g  f o r  i n s u l i n ,  a p u z z l i n g  s t a t e  i f  r e a l .



The p r e s e n c e  o f  i n s u l i n  r e c e p t o r s  i n  b o v in e  MFGM, and
t

h e n c e ,  t h e  a p i c a l  p lasm a membrane o f  t h e  mammary e p i ­

t h e l i a l  c e l l ,  r a i s e s  numerous  q u e s t i o n s :  what  i s  t h e  o r i ­

g i n  o f  t h e  i n s u l i n  r e c e p t o r  in t h e  a p i c a l  p lasm a membrane;  

do t h e y  a c c u r a t e l y  r e f l e c t  t h e  i n s u l i n  r e c e p t o r  s t a t u s  o f  

t h e  mammary c e l l  p r o p e r ;  i s  i n s u l i n  d e g ra d e d  a p p r e c i a b l y  

by t h e  mammary e p i t h e l i a l  c e l l s ;  a r e  i n s u l i n - r e c e p t o r  com­

p l e x e s  t r a n s p o r t e d  u n i d i r e c t i o n a l l y  from th e  b a s o l a t e r a l  

to  th e  a p i c a l  p lasm a membrane;  i s  t h e  MFGM i n s u l i n  r e c e p ­

t o r  s i m i l a r  s t r u c t u r a l l y  t o  th e  r e c e p t o r  o f  t h e  

b a s o l a t e r a l  membrane;  and can m i l k  i n s u l i n  t r i g g e r  i n ­

t r a c e l l u l a r  e v e n t s  v i a  t h e  i n s u l i n  r e c e p t o r  o f  t h e  a p i c a l  

p lasm a membrane? Answers t o  t h e s e  q u e s t i o n s  w i l l  be 

needed to  e s t a b l i s h  t h e  b i o l o g i c a l  r o l e  o f  t h e  i n s u l i n  

r e c e p t o r  in  MFGM, to  v e r i f y  t h e  u s e f u l n e s s  o f  MFGM in  

m o n i t o r i n g  i n s u l i n  r e c e p t o r  r e g u l a t i o n  by  t h e  mammary 

c e l l ,  and to f u r t h e r  our  u n d e r s t a n d i n g  o f  p o l y p e p t i d e  h o r ­

mone r e c e p t o r  t r a f f i c k i n g  in  t h e  mammary c e l l .

F i n a l l y ,  i t  must  be  s t r e s s e d  t h a t  i n s u l i n  r e c e p t o r  

numbers  in  m ic ro so m al  p r e p a r a t i o n s  do n o t  n e c e s s a r i l y  r e ­

f l e c t  i n s u l i n  r e c e p t o r  numbers  i n  th e  p lasm a membrane.  

R e g u l a t i o n  o f  p lasm a membrane i n s u l i n  r e c e p t o r s  may go 

u n d e t e c t e d  i f  a m ic ro so m al  p r e p a r a t i o n  i s  employed s i n c e
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m o d u l a t i o n  o f  r e c e p t o r s  may o c c u r  v i a  c e l l u l a r  r e d i s t r i b u ­

t i o n  o f  r e c e p t o r s  r a t h e r  th a n  v i a  c h a n g e s  i n  r e c e p t o r  sy n ­

t h e s i s  o r  d e g r a d a t i o n .

W h i le  t h e  s t u d i e s  r e p o r t e d  h e r e  h av e  p r o v id e d  a fo u n ­

d a t i o n  o f  knowledge  c o n c e r n i n g  th e  i n s u l i n  r e c e p t o r  in  

mammary m e t a b o l i s m r t h e  r e s u l t s  o f  t h i s  work h a v e  r a i s e d  

more q u e s t i o n s  t h a n  t h e y  h av e  a n s w e r e d .  M o re o v e r , t h e  

q u e s t i o n  o f  i n s u l i n  r e c e p t o r  r e g u l a t i o n  in  t h e  mammary 

g l a n d  was n e v e r  r e s o l v e d  s i n c e  a c e l l u l a r  s y s te m  i s  im­

p e r a t i v e  to  a c c u r a t e l y  m o n i t o r  r e c e p t o r  m o d u l a t i o n  in t h e  

p la sm a  membrane.

At t h e  t im e  t h i s  d i s s e r t a t i o n  p rob lem  was i n i t i a t e d , 

c e l l  i s o l a t i o n  p r o c e d u r e s  and t i s s u e  c u l t u r e  m e th o d o lo g y  

f o r  b o v i n e  mammary c e l l s  and a l v e o l i  had n o t  been  p e r ­

f e c t e d .  For  t h i s  r e a s o n ,  b o v i n e  mammary m ic ro so m es  were  

employed in  t h e s e  s t u d i e s .  However,  f u n c t i o n a l  b o v in e  

mammary c e l l s  and a l v e o l i  a r e  now r o u t i n e l y  p r e p a r e d  by 

s e v e r a l  l a b o r a t o r i e s ,  i n c l u d i n g  our  own. R e s e a rc h  em ploy­

ing t h e s e  mammary p r e p a r a t i o n s  w i l l  be n e c e s s a r y  t o  c l a r i ­

fy  t h e  r o l e  o f  i n s u l i n  in  mammary m e t a b o l i s m  from th e  

s t a n d p o i n t  o f  i n s u l i n  r e c e p t o r  r e g u l a t i o n .  These  c e l l u l a r  

and a l v e o l a r  p r e p a r a t i o n s  w i l l  a l s o  s e r v e  a s  a  u s e f u l  

r e s e a r c h  t o o l  f o r  a d v a n c in g  our  u n d e r s t a n d i n g  o f  t h e  h o r ­

monal  and m e t a b o l i c  c o n t r o l  o f  l a c t a t i o n  in  t h e  cow.
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