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PARATHORMONE RECEPTOR B I N D I N G  A N D  THE INFLUENCE OF 
MEMBRANE D E G R A D A T I O N  OF THE HORMONE 

Harald Juppner and Rolf-Dieter  Hesch 
A b t .  f u r  Klinische Endokrinologie ,  Dept. Innere Medizin 

Medizinische Hochschule Hannover, 3 Hannover 61,  GFR 

ABSTRACT 

Concentrat ion of r e c e p t o r  bound parathormone was 
determined using a labelled-antibody-membrane-assay ( L A M A ) .  
4.2-31.2 fmol PTH per mg membrane p r o t e i n  (0.42-3.12 fmol / tube)  
were bound a t  apparent  PTH c o n c e n t r a t i o n s  o f  15.6-500 
fmol/ tube.  O n l y  0.65$-3.2% of  PTH could be d e t e c t e d  a t  t h e  
r e c e p t o r  s i t e s .  The amount of  f r e e  hormone was c o r r e c t e d  f o r  
i n a c t i v a t i o n  of  i n t a c t  immunologically r e a c t i v e  PTH and o f  
i n t a c t  b i o l o g i c a l l y  r e a c t i v e  PTH. Only a f t e r  t h e  l a t t e r  
c o r r e c t i o n  were va lues  f o r  binding a f f i n i t y  (Kd 1 . 1  x 10-l2 
mol/mg) and number o f  binding s i t e s  (Bmax = 5.8  x 10-l4 
mol/mg) o b t a i n a b l e .  These r e s u l t s  i n d i c a t e  t h a t  allowance m u s t  
be made f o r  l o s s  of  b i o l o g i c a l  a c t i v i t y  o f  hormone a t  membrane 
r e c e p t o r  s i t e s  i f  binding parameters  a r e  t o  b e  def ined  f r e e  o f  
a r t i f a c t s .  Binding d a t a  may o therwise  be m i s i n t e r p r e t e d  as 
i n d i c a t i n g  negat ive  c o o p e r a t i v i t y ,  he te rogenei ty  o f  binding 
s i t e s  o r  mul t i - s tep  r e a c t i o n s .  

I N T R O D U C T I O N  

Most receptor  a s s a y s  f o r  pept ide  hormones a r e  based upon 

t h e  p r i n c i p l e  of  'competitive-ligand-assay' ( 1 , 2 ) .  Binding o f  

l a b e l l e d  hormone and competi t ion by nonradioac t ive  hormone a t  

t h e  r e c e p t o r  s i t e  i s  observed.  I t  i s  g e n e r a l l y  assumed t h a t  

d a t a  from such experiments  a l lows  one t o  q u a n t i f y  r e c e p t o r  

occupancy, binding c a p a c i t y ,  a f f i n i t y  and t h e  r e c e p t o r  

concent ra t ion  ( 3 ) .  C o n f l i c t i n g  i n t e r p r e t a t i o n s  of  t h e  

39 

Copyright 0 I980 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



40 JUPPNER AND HESCH 

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

have been made because  two p r e r e q u i s i t e s  o f  c u r r e n t  r e c e p t o r  

a s s a y s  are s u b j e c t  t o  p o s s i b l e  c r i t i c i s m .  F i r s t :  l a b e l l e d  

hormone shou ld  m a i n t a i n  i ts  b i o l o g i c a l  a c t i v i t y .  S e v e r a l  

p r o c e d u r e s  have  been used t o  i n c o r p o r a t e  1251 i n t o  t h e  m o l e c u l e  

bu t  it h a s  n o t  a lways  been exc luded  t h a t  u n l a b e l l e d  p e p t i d e  

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

It h a s  been  demons t r a t ed  t h a t  1251 i n s u l i n  p r e p a r e d  by 

c o n v e n t i o n a l  methods  e x h i b i t s  a l o s s  o f  b i o l o g i c a l  a c t i v i t y  

(4). T h i s  i s  a l s o  t r u e  f o r  g l u c a g o n ,  FSH and e s p e c i a l l y  f o r  

para thormone  ( 5 1 ,  where t h e  N- te rmina l  l o o p  i s  d e s t r o y e d  d u r i n g  

t h e  o x i d a t i v e  l a b e l l i n g  p r o c e d u r e  ( 6 ) .  Even i n c o r p o r a t i o n  of  

3H i n t o  t h e  PTH-molecule h a s  n o t  c o m p l e t e l y  overcome t h i s  

problem ( 7 ) .  S u r p r i s i n g l y ,  some hormones seem t o  e x h i b i t  

h i g h e r  b i o l o g i c a l  a c t i v i t y  when r a d i o a c t i v e l y  l a b e l l e d  ( 8 ) .  

For g a s t r i n ,  a c t i v i t y  i d e n t i c a l  t o  n a t i v e  hormone a f t e r  

i n c o r p o r a t i o n  o f  1251 h a s  r e c e n t l y  been c l a imed  (9). L a b e l l e d  

hormones may undergo  d r a m a t i c  c o n f o r m a t i o n a l  c h a n g e s  and t h e s e  

have been  demons t r a t ed  r e c e n t l y  f o r  FSH ( 1 0 ) .  T h i s  i s  i m p o r t a n t  

because  such  changes  must b e  e x p e c t e d  t o  i n f l u e n c e  t h e  b i n d i n g  

k i n e t i c s  a t  t h e  r e c e p t o r  s i t e .  Second ly :  I n a c t i v a t i o n  o f  t h e  

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

most hormonal r e c e p t o r s  are  a s s o c i a t e d  w i t h  a hormone 

i n a c t i v a t i n g  s i t e .  S e v e r a l  c h e m i c a l  o r  immunologica l  methods  

have been used  t o  c o r r e c t  f o r  t h i s ,  b u t  t h e y  d o  n o t  d e t e c t  

changes  i n  b i o l o g i c a l  a c t i v i t y  o f  t h e  l i g a n d  ( 1 1 ) .  
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PARATHORMONE RECEPTOR B I N D I N G  4 1  

The measurement o f  r e c e p t o r  s i t e  o c c u p a t i o n  by u n l a b e l l e d ,  

s t r u c t u a l l y  u n a l t e r e d  hormone is d e s c r i b e d  h e r e  u s i n g  a 

m o d i f i c a t i o n  o f  t h e  l a b e l l e d  a n t i b o d y  t e c h n i q u e  ( L A M A )  ( 1 2 , 1 3 1  

t o  d e t e r m i n e  r e c e p t o r  bound hormone and t o  measure  hormone 

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

is used t o  d e f i n e  r e c e p t o r - l i g a n d  b i n d i n g  c o n s t a n t s .  

Expe r imen ta l  Des ign  

1 .  Immunoadsorbed bPTH (ImAd-bPTH) l i n k e d  a t  t h e  N- te rminus  was 

a s s a y e d  i n  a C- reg iona l  R I A  u s i n g  bPTH a s  s t a n d a r d .  The ImAd- 

bPTH showed p a r a l l e l i s m  and was a s s i g n e d  a n  a s s a y  v a l u e  i n  

terms o f  C- reg iona l  s t a n d a r d .  

2 .  bPTH was r e a c t e d  w i t h  membranes f o r  2 h r s  and  t h e  bound bPTH 

was a s s a y e d  wi th  l a b e l l e d  C- reg iona l  a n t i b o d y  (*Ab 

ImAd-bPTH as  s t a n d a r d .  

3. The bPTH n o t  bound a f t e r  i n c u b a t i o n  w i t h  membranes 

was a s s a y e d  u s i n g  f r e s h  membranes t o  d e r i v e  remain 

u s i n g  t h e  

f o r  2 h r s  

ng 

b i o l o g i c a l  a c t i v i t y .  The same unbound component was a s s a y e d  

f o r  immuno log ica l ly  r e a c t i v e  hormone by a immunoradiometr ic  

a s s a y  u s i n g  p o l y e t h y l e n e  t u b e s  t o  a d s o r b  i n t ac t  bPTH, f o l l o w e d  

by l a b e l l e d  C- reg iona l  a n t i b o d y ,  w i t h  bPTH 1-84 a s  s t a n d a r d .  

MATERIALS A N D  METHODS 

The l abe l l ed -an t ibody-membrane -as say  ( L A M A )  was per formed 

a s  p r e v i o u s l y  d e s c r i b e d  ( 1 3 )  u s i n g  c h i c k  r e n a l  p lasma membranes 

(100  p g / t u b e )  p r e p a r e d  by  t h e  t e c h n i q u e  o f  F i t z p a t r i c k  e t  a1 

( 1 4 ) .  Immunoadsorbent (ImAd) was p r e p a r e d  a c c o r d i n g  t o  Addison 
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42  JUPPNER AND HESCH 

and Hales ( 1 5 )  f rom Ultro-Gel AcA 54 (LKB, F r a n c e ) .  P u r i f i e d  

b o v i n e  PTH was k i n d l y  p r o v i d e d  by t h e  Hormon-Chemie, Munchen, 

GFR. C - r e g i o n a l  PTH was d e t e r m i n e d  b y  r a d i o i m m u n o a s s a y  ( 1 6 )  

u s i n g  a n t i b o d y  S478 X ( f i n a l  d i l u t i o n  1 : 5 0 0 0 ) .  To s e p a r a t e  

bound and free hormone a p r e c i p i t a t i n g  s e c o n d  a n t i b o d y  

(Wel lcome:  AS 796 - d o n k e y  a n t i - s h e e p /  g o a t )  was u s e d  i n  a 

f i n a l  c o n c e n t r a t i o n  of  1 : 5 0 0 .  The i m m u n o r a d i o m e t r i c  a s s a y  f o r  

1-84 bPTH was p e r f o r m e d  as  d e s c r i b e d  ( 1 7 ) .  F o r  a l l  a s s a y s  we 

used  t h e  i n t e r n a t i o n a l  bPTH s t a n d a r d  7 1 / 3 2 4 ,  k i n d l y  p r o v i d e d  b y  

t h e  N a t i o n a l  I n s t i t u t e  fo r  B i o l o g i c a l  S t a n d a r d s  and  C o n t r o l  

(NBSB), London.  A l l  o t h e r  r e a g e n t s  were of t h e  h i g h e s t  p u r i t y  

a v a i l a b l e .  

C o n c e n t r a t i o n  of ImAd-bound-bPTH 

Bovine  p a r a t h o r m o n e  w i t h  t h e  N - t e r m i n u s  c o v a l e n t l y  bound 

t o  a c t i v a t e d  a m i n o  c e l l u l o s e  (ImAd) was a s s a y e d  a t  s i x  

d i l u t i o n s  (1:ZOO - 1:6400)  u s i n g  a C - r e g i o n a l  s p e c i f i c  R I A  

( 1 6 ) .  ImAd d i l u t i o n  r a n  p a r a l l e l  w i t h  t h e  s t a n d a r d  c u r v e .  100 

p 1  of t h i s  ImAd s o l u t i o n  c o n t a i n e d  10 pMoles  bPTH ( 7 1 / 3 2 4 ) .  

A b s o l u t e  R e C e D t O P  Bound Hormone 

F o r  t h e  a s s a y  of  hormone bound t o  t h e  r e c e p t o r ,  a LAMA 

s t a n d a r d  c u r v e  was se t  u p  u s i n g  c h i c k  r e n a l  p l a s m a  membranes 

(100 u g / t u b e ) .  Hormone c o n c e n t r a t i o n s  r a n g e d  from 1 5 . 6  t o  500.0 

f m o l / t u b e .  N o n - s p e c i f i c  b i n d i n g  of  PTH t o  t h e  p l a s t i c  t u b e  was 

measured  u s i n g  t h e  same s t a n d a r d  c o n c e n t r a t i o n s  i n c u b a t e d  
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PARATHORMONE RECEPTOR B I N D I N G  4 3  

w i t h o u t  t h e  a d d i t i o n  o f  membranes. The f i r s t  i n c u b a t i o n  was 

c a r r i e d  o u t  f o r  2 h r s  a t  22'C. A f t e r  washing  t h e  membrane 

p e l l e t  o n c e ,  t h e  l a b e l l e d  a n t i b o d y  was added and i n c u b a t e d  f o r  

one h o u r .  I n  a s i m u l t a n e o u s  a s s a y ,  d i l u t i o n s  o f  ImAd ( 1 : 2 5 6 0 0  

- 1:1600)  r e p r e s e n t i n g  0 . 3 9  - 6 . 2 5  fmol bPTH/tube were  

i n c u b a t e d  w i t h  t h e  same l a b e l l e d  a n t i b o d y .  After washing  twice 

t h e  membrane p e l l e t  and t h e  ImAd-pel le t  and c u t t i n g  o f f  t h e  

t i p s  o f  t h e  t u b e s ,  t h e  samples  were coun ted  i n  an  a u t o m a t i c  

gamma c o u n t e r  ( B e r t h o l d ,  Wi ldbad ,  G F R ) .  Each sample  

measurement was c o r r e c t e d  f o r  n o n - s p e c i f i c  b i n d i n g  o f  t h e  

hormone t o  t h e  p l a s t i c  t u b e s  a t  t h e  r e s p e c t i v e  hormone 

c o n c e n t r a t i o n s  ( n o t  p r e s e n t e d ) .  R a d i o a c t i v i t y  o f  t h e  l a b e l l e d  

a n t i b o d y  i n c r e a s e d  w i t h  i n c r e a s i n g  amounts  o f  hormone bound t o  

t h e  r e c e p t o r  s i t es  on t h e  membranes. Thus t h e  amount o f  

r a d i o a c t i v i t y  i s  d i r e c t l y  r e l a t e d  t o  t h e  amount o f  r e c e p t o r  

bound hormone (PTH,). R a d i o a c t i v i t y  a l s o  i n c r e a s e d  when t h e  

l a b e l l e d  a n t i b o d y  was i n c u b a t e d  w i t h  i n c r e a s i n g  amounts o f  

ImAd. S i n c e  t h e  s o l i d - p h a s e  bound PTH c o n c e n t r a t i o n  had 

a l r e a d y  been d e t e r m i n e d ,  t h e  r e s p e c t i v e  amount o f  r a d i o a c t i v i t y  

r e f e r s  t o  a known c o n c e n t r a t i o n  o f  t h e  hormone. By compar i son  

o f  t h e  r ecep to r -bound  r a d i o a c t i v i t y  w i t h  t h e  ImAd bound 

r a d i o a c t i v i t y ,  t h e  hormone c o n c e n t r a t i o n  i n  t h e  membrane p e l l e t  

cou ld  be  r e a d  o f f  t h e  ImAd s t a n d a r d  c u r v e  ( F i g .  1 ) .  The two 

r e a c t i o n s  compared are a s  f o l l o w s :  

i )  PTHa + R t PTHr; wash; PTH + *Ab < ?  PTH,*Ab; 

wash; c o u n t  PTH *Ab 

i i )  IrnAd-PTH + *Ab =+ ImAd-PTH*Ab; wash; c o u n t  ImAd-PTH*Ab 
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4 4  JUPPNER AND HESCH 

(H-hormone; Rzreceptor ;  Ab-Antibody; PTH,=initial parathormone; 

*Ab=labelled an t ibody;  PTHy=receptor bound parathormone) 

m-Kd- I 

-F- - Kd - 
Figure 1 .  

Determination of r e c e p t o r  bound Parathormone. Increas ing  

amounts of Parathormone were incubated with ch ick  r e n a l  plasma 

membranes. PTH bound t o  t h e  r e c e p t o r  s i tes  was determined by a 

r a d i o l a b e l l e d  ant ibody d i r e c t e d  a g a i n s t  t h e  C-terminal p a r t  of  

t h e  hormone. Simultaneously,  t h e  1251 ant ibody was incubated 

with a s o l i d  phase PTH (ImAd-PTH) with a prev ious ly  determined 

hormone c o n c e n t r a t i o n .  The c o n c e n t r a t i o n  of PTH bound t o  t h e  

membranes was d i r e c t y  read o f f  t h e  ImAd s tandard  curve .  
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PARATHORMONE RECEPTOR B I N D I N G  

Determination of  Hormone I n a c t i v a t i o n  

45 

After  incubat ion we measured t h e  c o n c e n t r a t i o n  of 

immunologically i n t a c t  1-84 PTH ( P T H i )  and o f  b i o l o g i c a l l y  

a c t i v e  1-84 PTH (bioPTH) ( b i o l o g i c a l  a c t i v e  hormone i n  t h i s  

contex t  is hormone which i s  a b l e  t o  bind t o  membranes). Nat ive 

hormone (1.56 - 50.0 ng/ml) was incubated with membranes f o r  2 

h r s  a t  2 2 O C .  After  c e n t r i f u g a t i o n  a t  4 O C  t h e  s u p e r n a t a n t s  were 

a s p i r a t e d  and assayed f o r  1-84 PTHi i n  a two-s i te  sandwich 

assay  ( 1 7 )  and f o r  1-84 bioPTH i n  a second L A M A .  Resul t ing  

s tandard curves  were compared t o  t h o s e  f o r  PTH without  p r i o r  

membrane exposure.  Data obtained f o r  r e c e p t o r  bound hormone 

(PTH,) were s u b t r a c t e d  from i n i t i a l  amount o f  PTH (PTH,) i n  t h e  

incubat ion  m i l i e u  t o  o b t a i n  f r e e  hormone (F1) c o n c e n t r a t i o n s .  

The fol lowing formulas were used f o r  c a l c u l a t i o n  of  t h e  f r e e  

hormone c o n c e n t r a t i o n :  

i )  without  c o r r e c t i o n  f o r  i n a c t i v a t i o n :  

F = PTH - PTH, (immunological i n a c t i v a t i o n )  
1 

ii) w i t h  c o r r e c t i o n  f o r  immunological i n a c t i v a t i o n :  

F2 = PTHi ( b i o l o g i c a l  i n a c t i v a t i o n )  

i ii) w i t h  c o r r e c t i o n  f o r  b i o l o g i c a l  i n a c t i v a t i o n :  

F = bioPTIi 
3 
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JUPPNER AND HESCH 46  

M a t h e m a t i c a l  A n a l y s i s  

For  t h e  a n a l y s i s  o f  raw d a t a  from b i n d i n g  a n d  i n a c t i v a t i o n  

s t u d i e s  we used  t h e  g e o m e t r i c  c o n s t r u c t i o n  d e s c r i b e d  by 

E i s e n t h a l  and Cornish-Bowden ( 1 8 ) .  F o r  l i g a n d - b i n d e r  

standard curve for LAMA 
using chick membranes (xK)flg/tube) 

binding of 12% sntib~dy onto 
ImAd-PTH In dllutlons from MI 11600 - 125600 

15.6 31.25 62.5 125 2% 500 0.39 0.70 1.56 3 
fMoles PTH, added to membranes 

/ 
I 
25 6.25 

Moles PTHItube (Wpl ImAd) 
representing PTH r 

F i g u r e  2 .  

The mass a c t i o n  r e l a t i o n s h i p  B/F = (Bmx - B)/Kd ( B  bound 

l i g a n d  c o n c e n t r a t i o n ;  F I f r e e  l i g a n d  c o n c e n t r a t i o n ;  Bmax :: 

maximal  r e c e p t o r  b i n d i n g  c a p a c i t y ;  Kd = b i n d i n g  a f f i n i t y )  i s  

u s e d  t o  g e n e r a t e  two s imilar  r i g h t  a n g l e  t r i a n g l e s ;  b a s e  F a n d  

h e i g h t  E, b a s e  Kd and h e i g h t  (Bmax - B) r e s p e c t i v e l y .  The 

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

E x t r a p o l a t i o n  of  e a c h  h y p o t e n u s e  w i l l  y i e l d  a common 

i n t e r s e c t i o n  w h i c h  d e f i n e s  t h e  s e c o n d  t r i a n g l e  and  h e n c e  E 

and Kd. 

max 
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i n t e r a c t i o n  involving a homogeneous s i n g l e  s p e c i e s  of  b inding  

s i t e s ,  r i g h t  t r i a n g l e s  with base F ,  h e i g h t  B and a common r i g h t  

angle  w i l l  have hypotenuses which i n t e r s e c t  a t  a po in t  which 

d e f i n e s  K and B ( F i g .  2 ) .  a nax 

The concent ra t ion  o f  r e c e p t o r  bound PTH (PTH,) ranged from 

4 . 2  - 31.2 fmol/mg membrane p r o t e i n  ( F i g .  3 ) .  With 

c o n c e n t r a t i o n s  of  PTH, added t o  t h e  membranes i n c r e a s i n g  from 

15.6 t o  500 fmol/ tube,  t h e  percentage o f  PTH bound t o  t h e  

r e c e p t o r - s i t e s  decreased from 3 . 2  - 0.65%. As measured i n  t h e  

two-si te  assay  only 42 - 50% of  PTH, a t  d i f f e r e n t  

c o n c e n t r a t i o n s  r e t a i n e d  immunoreactivity a f t e r  2 h r s  o f  

incubat ion w i t h  membranes. The concent ra t ion  of  remaining 

b i o l o g i c a l l y  a c t i v e  PTH (bioPTH) as determined i n  a second 

receptor -assay  ( L A M A )  was a l s o  reduced t o  34% - 54% ( F i g .  3 ) .  

All d a t a  f o r  PTH, and f r e e  hormone c o n c e n t r a t i o n s ,  with and 

without c o r r e c t i o n  f o r  i n a c t i v a t i o n ,  a r e  summarized i n  Table 1 .  

Figure 4 i  i l l u s t r a t e s  t h a t  p l o t t i n g  PTH, a g a i n s t  F1 yie lded  a 

v a r i e t y  o f  p o s s i b l e  v a l u e s  f o r  Kd ranging from 4 .0  x 10 t o  

45,O x t o  6 . 3  x 

mo1/100 ug membrane p r o t e i n .  This  range o f  v a l u e s  could 

be d i m i n i s h e d  by c o r r e c t i n g  f o r  immunological i n a c t i v a t i o n  

( F i g .  4 i i ) ;  b u t  only a f t e r  c o r r e c t i n g  F1 f o r  b i o l o g i c a l  

i n a c t i v a t i o n  ( F i g .  4 i i i )  was one s i n g l e  i n t e r s e c t i o n  p o i n t  

achieved.  Values o f  1 1 . 2  x 10 mo1/100 ug f o r  Kd and 5.8 x 

-14 

mo1/100 ug,  and f o r  Bmax from 1 . 7  x 

-14 
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~ ~~ ~ 

3.33 500.0 250.0 150.0 

2.27 250.0 103.0 71.0 

1.64 125.0  52.0 43.0 

1.07 62.5 22.0 24.0 

0.78 31.3 13.2 17.0 

0.49 15.6 n . d .  n .d .  

mo1/100 pg membrane p r o t e i n  f o r  Bmx r e s u l t e d .  Other 

g r a p h i c a l  d e s i g n s  were ambiguous i n  t h e i r  i n t e r p r e t a t i o n ,  i f  

t h e  f r e e  hormone c o n c e n t r a t i o n s  were not  c o r r e c t e d  f o r  

i n a c t i v a t i o n .  For example, without  account ing f o r  hormone 

i n a c t i v a t i o n ,  t h e  Scatchard p l o t  seemed t o  i n d i c a t e  

he te rogenei ty  o f  binding s i tes ,  n e g a t i v e  c o o p e r a t i v i t y  o r  a 

two-step r e a c t i o n .  

DISCUSSION 

We have determined t h e  amount o f  hormone bound t o  plasma 

membranes us ing  non-label led n a t i v e  PTH f o r  b inding  t o  t h e  

r e c e p t o r  s i t e s  and a r a d i o l a b e l l e d  an t ibody d i r e c t e d  a g a i n s t  

t h e  C-region of  t h e  hormone. This  method a v o i d s  t h e  use o f  

1251-labelled hormone and  may more a p p r o p r i a t e l y  r e f l e c t  t h e  
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c 

-F1 ((Mob bPlH/tub.) 

F i g u r e  4 .  i 

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  o f  N-regional  hormone-receptor  

i n t e r a c t i o n ,  s i n c e  l a b e l l e d  PTH is  p r o b a b l y  c o n f o r m a t i o n a l l y  

a l t e r e d  and e x h i b i t s  d i m i n i s h e d  b i o l o g i c a l  a c t i v i t y  ( 1 9 ) .  

Parallelism o f  ImAd-PTH w i t h  r e c e p t o r  bound PTH s u g g e s t s  t h a t  

t h e  confo rma t ion  of t h e  hormone is  n o t  a l t e r e d  a f te r  b i n d i n g  of 

t h e  C-regional  a n t i b o d y .  T h i s  phenomenon is  r e g u l a r l y  obse rved  

and a l so  rep roduced  u s i n g  lymphocytes  as  r e c e p t o r  targets ( 2 0 ) .  
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PTH, 

(rmok8 bound par t u b )  

-Fg ((Mot08 WTHItub.) 

Figure 4 .  ii 

It should ,  however, be mentioned t h a t  such p a r a l l e l i s m  is  only  

achieved a f t e r  c o r r e c t i o n  of  PTH i n a c t i v a t i o n  by t h e  r e c e p t o r  

p r o t e i n .  For d e f i n i t i o n  o f  binding d a t a  i t  was a l s o  e s s e n t i a l  

t o  a l low f o r  t h e  p o s s i b i l i t y  of  hormonal degrada t ion  dur ing  

membrane exposure.  The degrada t ion  involves  a loss  o f  

b i o l o g i c a l  r e a c t i v i t y  followed by  a l o s s  of  immunological 

r e a c t i v i t y  as  measured b y  t h e  two-s i te  a s s a y ,  which d e t e c t s  
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I 
150 

Figure 4: 

Calcula t ion  of  binding a f f i n i t y  and c a p a c i t y .  

i )  

ii) 

iii) 

without  c o r r e c t i n g  t h e  apparent  f r e e  concent ra t ion  (F1) f o r  

i n a c t i v a t i o n  dur ing  membrane exposure a v a r i e t y  o f  p o s s i b l e  

v a l u e s  f o r  B,, and Kd was observed. 

a f t e r  c o r r e c t i o n  of f r e e  f o r  immunological i n a c t i v a t i o n  (F2)  

t h i s  widespread range could be d iminished .  

a f t e r  c o r r e c t i o n  o f  free f o r  b i o l o g i c a l  i n a c t i v a t i o n  ( F 3 )  a 

s i n g l e  i n t e r s e c t i o n  r e s u l t s  y i e l d i n g  a unique va lue  f o r  

binding a f f i n i t y  and c a p a c i t y .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



PARATHORMONE RECEPTOR B I N D I N G  53 

almost i n t a c t  PTH, bear ing  t h e  N- and C-regional r e g i o n s  o f  t h e  

p e p t i d e .  Synthe t ic  p e p t i d e  fragments  (1-34, 24-48, 44-68, 

53-84) do not r e a c t  i n  t h i s  assay  u n l e s s  p r e s e n t  i n  a molar 

excess  o f  1OOO:l ( 1 7 ) .  

The PTH-binding s i t e  seems t o  b e  l o c a t e d  near  a n  

i n a c t i v a t i n g  enzyme which i s  s e p a r a t e  from t h e  PTH binding s i t e  

and t h e  PTH-specific adenyla te  c y c l a s e .  We b e l i e v e ,  t h e r e f o r e ,  

t h a t  t h e  PTH-"receptor" is composed o f  t h r e e  s u b u n i t s  whose 

phys io logica l  i n t e r a c t i o n  i n  t h e  membrane i s  not  y e t  f u l l y  

understood ( 2 1 ) .  The mathematical a n a l y s i s  o f  t h e  PTH-receptor 

i n t e r a c t i o n s  sugges ts  t h a t  a l lowance m u s t  be made f o r  l o s s  o f  

b i o l o g i c a l  r e a c t i v i t y  in d e r i v i n g  t h e  f r e e  hormone 

c o n c e n t r a t i o n .  Binding d a t a  o therwise  may be m i s i n t e r p r e t a t e d  

a s  showing e i t h e r  nega t ive  c o o p e r a t i v i t y ,  a two-step r e a c t i o n  

or  he te rogenei ty  o f  binding s i t e s .  Such f e a t u r e s  a r e  a l r e a d y  

descr ibed  f o r  s e v e r a l  hormones (22 ,231 .  

The v a l u e s  f o r  t h e  a f f i n i t y  c o n s t a n t  (Kd) and t h e  r e c e p t o r  

binding c a p a c i t y  ( B  ) ,  c a l c u l a t e d  as being 1 . 1  x mol/mg 

and 5 .8  x m o l h g ,  r e s p e c t i v e l y ,  are i n  t h e  range o f  

repor ted  c o n c e n t r a t i o n s  o f  c i r c u l a t i n g  b i o l o g i c a l  a c t i v e  

parathormone. Whether hormonal N- and C-regional PTH fragments  

generated dur ing  membrane exposure have any b i o l o g i c a l  f u n c t i o n  

i s  s t i l l  open t o  d i s c u s s i o n .  Pre l iminary  resul ts  sugges t  t h a t  

s y n t h e t i c  PTH fragments may cause e i t h e r  d e s e n s i t i z a t i o n  o r  

"oversens i t iza t ionI f  of  t h e  r e c e p t o r  ( 2 4 ) .  This  would i n d i c a t e  

max 
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54 JUPPNER AND HESCH 

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

r e c e p t o r s .  
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