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A POSSIBLE BIOLQCICAL ROLE OF THE 'BIOLOGICALLY INACTIVE' REGION 

OF POLYPEPTIDE HORMONES 

N .  Loveridge, L u c i l l e  Bi tensky and J .  Chayen 
Divis ion of C e l l u l a r  Biology,  Kennedy I n s t i t u t e  of Rheumatology, 

Bute Gardens, London W6 7DW. 

ABSTRACT 

In the  cytochemical bioassay system, p e n t a g a s t r i n  and t h e  oc tapept ide  
of cholecys tokin in  were a s  po ten t  a8 heptadecapept ide g a s t r i n ,  on a 
molar b a s i s .  However, t h e  degree  of a c t i v a t i o n  of p a r i e t a l  c e l l  
carbonic  anhydrase, when t e s t e d  i n  t h e  presence of a l o w  concent ra t ion  
of t h e  heptadecapept ide,  was only t h a t  expected for t h e  heptadecapept ide  
a l o n e .  These r e s u l t s  i n d i c a t e  t h a t  t h e  supposedly b i o l o g i c a l l y  i n a c t i v e  
reg ion  of t h e  molecule may have a func t ion  i n  ensur ing  t h a t  t h e  response 
of t h e  t a r g e t  c e l l s  is s p e c i f i c  to  t h e  n a t u r a l  hormone. 

INTRODUCTION 

The amino a c i d  sequence of many polypept ide  hormones can be d iv ided  

i n t o  t h a t  sequence which evokes t h e  b i o l o g i c a l  response t o  t h e  hormone, 

and t h e  more s p e c i e s - s p e c i f i c  ' t a i l '  which apparent ly  has  no b i o l o g i c a l  

a c t i v i t y  b u t  is r e a d i l y  a n t i g e n i c .  For example, c o r t i c o t r o p h i n  (ACTH) 

conta ins  39 amino a c i d s  b u t  i t s  f u l l  b i o l o g i c a l  a c t i v i t y  can be obta ined  

with a s y n t h e t i c  01-24 sequence common t o  a l l  s p e c i e s  of AC'I?I. 

although human g a s t r i n  (G ) is a heptadecapept ide ,  t h e  f i r s t  four 

C-terminal amino ac ids  a r e  t h e  minimum r e q u i r e d  for t h e  b i o l o g i c a l  

a c t i v i t y  (1) so t h a t  s y n t h e t i c  ' p e n t a g a s t r i n '  (PC; Peptav lon ,  I . C . I . )  

can be used t h e r a p e u t i c a l l y ;  e q u a l l y ,  t h e  C-terminal oc tapept ide  (CCK-OP) 

S i m i l a r l y ,  
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90 LOVERIDGE, BITENSKY, AND CHAYEN 

of cholecys tokin in ,  which has  t h e  same C-terminal four amino a c i d s ,  w i l l  

be expected t o  mimic G17-gastrin. 

Supraphysiological  l e v e l s  of g a s t r i n  (0 .4 or 10 pg/lOO g body weight)  

have been shown t o  s t i m u l a t e  carbonic  anhydrase a c t i v i t y  i n  r a t  g a s t r i c  

mucosa i n  v ivo  ( 2 , 3 ) .  A s i m i l a r  e f f e c t  has  been measured, by a 

q u a n t i t a t i v e  cytochemical procedure ( 4 ) ,  s p e c i f i c a l l y  i n  t h e  p a r i e t a l  

c e l l s  i n  s t r i p s  of guinea-pig fundus maintained i n  v i t r o  (5)  and i n  

s u i t a b l y  prepared s e c t i o n s  of t h i s  t i s s u e  ( 6 , 7 ) .  The s t i m u l a t i o n  of 

a c t i v i t y  was l i n e a r l y  r e l a t e d  to  t h e  concent ra t ion  of g a s t r i n ,  from 

2.3x1O-l2M (low normal c i r c u l a t i n g  l e v e l )  t o  2 . ~ x I O - ~ ~ M .  

a s imple system for t e s t i n g  t h i s  a s p e c t  of t h e  b i o l o g i c a l  a c t i v i t y  of 

t h e  n a t u r a l  hormone and of its p a r t i a l  analogues.  

This  a f forded  

One of t h e  advantages of t h e  cytochemical b ioassay  s y s t e m  is  t h a t  

each s tudy ,  for example of t h e  comparison of t h e  r e l a t i v e  potency of 

Gl7-gastrin with t h a t  of CCK-OP and of PG, can  be done on s e r i a l  s e c t i o n s  

from one s t r i p  of fundus from one guinea-pig,  so avoiding inter-animal  

v a r i a t i o n .  

MATERIALS AND METHODS 

The g a s t r i c  fundus was removed from t h e  guinea-pig (female:  H a r t l e y  

s t r a i n ;  about 400 g ;  k i l l e d  by asphyxia t ion  i n  n i t r o g e n ) ,  c l e a r e d  of 

d e b r i s  and c u t  i n t o  s t r i p s  t h a t  were then  maintained for 5 h a t  37OC i n  

n o n - p r o l i f e r a t i v e  organ-cul ture  ( 8 ) .  The s t r i p s  were then exposed t o  a 

'pr iming '  concent ra t ion  (2.3x1O-l6Y) of C17 for 5 min, t o  ensure  f u l l  

respons iveness ,  b e f o r e  being c h i l l e d  t o  -7OOC i n  E-hexane ( 6 , 7 ) .  S e c t i o n s  

(18 u m  t h i c k )  were c u t  i n  a c r y o s t a t  (9) and t h e s e ,  i n  d u p l i c a t e ,  were 

exposed for 75 8 at 37OC t o  t h e  v a r i o u s  a g e n t s ,  t h i s  time having been 

found t o  g i v e  maximal s t i m u l a t i o n ,  by these  a g e n t s ,  of carbonic  anhydrase 

a c t i v i t y  i n  t h e  p a r i e t a l  c e l l s ,  Consequently t h e  e f f e c t s  of t h e s e  a g e n t s  

were compared i n  ad jacent  s e c t i o n s  of t h e  same region  of t h e  g a s t r i c  fundus 
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POLYPEPTIDE HORMONES 91 

i n  each guinea-pig used. Each comparative s tudy was made on s e c t i o n s  from 

one s t r i p  of fundus and was repea ted  four times us ing  s t r i p s  der ived  from 

two guinea-pigs .  

The agents  were d isso lved  i n  0 . 1  M Hepes b u f f e r ,  pH 7 . 0 ,  c o n t a i n i n g  

0.005% gum t r a g a c a n t h .  Carbonic anhydrase a c t i v i t y ,  v i s u a l i z e d  by t h e  

cytochemical  r e a c t i o n  ( 4 ) ,  was measured i n  i n d i v i d u a l  p a r i e t a l  c e l l s  

by scanning and i n t e g r a t i n g  microdensi tometry ( 4 ) .  The carbonic  

anhydrase a c t i v i t y  was measured a s  t h e  mean i n t e g r a t e d  e x t i n c t i o n  (6) 

of t h e  react ion-product  i n  t h e  p a r i e t a l  c e l l s .  To test t h e  r e p r o d u c i b i l i t y  

of t h e  phenomena observed,  each s tudy was done f i v e  t i m e s .  This  e n t a i l e d  

t h e  u s e  of t i s s u e  from four animals .  Because of p o t e n t i a l  v a r i a t i o n  i n  

t h e  i n t r i n s i c  responsiveness  of each animal ,  t h e  r e s u l t s  have been 

expressed a s  t h e  percentage s t i m u l a t i o n  of t h e  carbonic  anhydrase 

a c t i v i t y  above t h a t  caused by 2 .3~10- '~M G17-gastrin for each experiment 

i n  each animal. 

RESULTS 

The s t i m u l a t i o n  i n  t h e  p a r i e t a l  cells of carbonic  anhydrase a c t i v i t y  

induced by i n c r e a s i n g  concent ra t ions  of Peptavlon (PG) was very s i m i l a r  

t o  t h a t  found wi th  G17-gastrin. 

two fundic  s t r i p s  from one animal and on t h r e e  from another  animal ,  t h e  

molar potency of Peptavlon r e l a t i v e  t o  G1,-gastrin was 1.02f0.25 (SEM; 

n=5).  However, i n  t h e s e  f i v e  s t u d i e s ,  when s e r i a l  s e c t i o n s  were exposed 

t o  PG a t  concent ra t ions  of t o  M b u t  i n  t h e  presence of 

2 . 3 ~ 1 0 - ~ ~ M  G17, t h e  amount of s t i m u l a t i o n  of carbonic  anhydrase a c t i v i t y  

was equal  t o  t h a t  caused by t h i s  concent ra t ion  of t h e  heptadecapept ide  

a lone  (Fig. 1).  Thus a t  a l l  t h e s e  concent ra t ions  of PG, t h e  percentage 

s t i m u l a t i o n  induced by these  concent ra t ions  of PG a c t i n g  i n  t h e  presence 

of 2 . 3 ~ 1 0 - ~ ~ M  G17-gastrin w e a  not  s t a t i s t i c a l l y  d i f f e r e n t  from t h e  

s t i m u l a t i o n  induced by t h i s  concent ra t ion  of Gl7-gastrin a c t i n g  a l o n e .  

Thus i n  t h e  assays  done s e p a r a t e l y  on 
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92 LOVERIDGE, BITENSKY, AND CHAYEN 

Fig .  1. 

e f f e c t  of t h e  a d d i t i o n  of 2 . 3 ~ 1 0 - l ~ ~  C17 on t h e  response t o  ' p e n t a g a s t r i n '  

(his tograms) .  The resul ts  a r e  expressed a 8  t h e  meaniSEM of t h e  percentage 

s t imula t ion  of carbonic  anhydrase a c t i v i t y  over t h a t  e l i c i t e d  by 2 .3x1O-l5M 

G17 i n  5 s e p a r a t e  experiments  on t i s s u e  from two d i f f e r e n t  animals .  

a s t e r i s k s  represent  t h e  concent ra t ion  a t  which t h e r e  was a s i g n i f i c a n t  

d i f f e r e n c e  between t h e  ' p e n t a g a s t r i n '  a lone  and ' p e n t a g a s t r i n '  t o  which 

2 . 3 ~ 1 0 - ~ ~ ~  G1, had been added (p<0.005). 

The dose response graphs  of CI7 (x) and ' p e n t a g a s t r i n '  ( 0 )  and t h e  

The 

S i m i l a r l y ,  t h e  e f f e c t  of four concent ra t lone  of G17-gastrin and four 

concent ra t ions  of CCK-OP was measured i n  s e c t i o n s  from one s t r i p  of fundus 

and repea ted  w i t h  sections of a second s t r i p  from t h e  same animal ,  and 

with s e c t i o n s  of t h r e e  o t h e r  s t r i p s  from a second animal. In  each of 

these  comparative s t u d i e s ,  t h e  e f f e c t  of adding t h e  CCK-OP toge ther  wi th  

one concent ra t ion  of t h e  G17-gastrin, was a l s o  measured. 
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POLYPEPTIDE HORMONES 9 3  

The response t o  t h e  v a r i o u s  c o n c e n t r a t i o n s  of G17-gastrin, i n  the  

s e c t i o n s  from t h e s e  two animals ,  was i d e n t i c a l  t o  t h a t  found previous ly  

(Table 1) .  The log dose-response graph for CCK-OP (over  t h e  range 10 

t o  10-l2M) w a s  p a r a l l e l  t o  t h a t  for G17-gastrin ( F i g .  2 ) ;  on a molar 

b a s i s ,  t h e  potency of t h e  CCK-OP r e l a t i v e  t o  t h e  G17-gastrin was 

0.68f0.11 (SEM; n=5) .  However, when t h e  s t i m u l a t i o n  of carbonic  anhydrase 

a c t i v i t y  was measured i n  s e r i a l  s e c t i o n s  t h a t  had been exposed t o  one 

concent ra t ion  of G17-gastrin (2.3x10-14M) i n  t h e  presence of one of a 

range of concent ra t ions  of CCK-OP ( 4 . 3 ~ 1 0 - l ~  t o  4.3x1O-l2M), t h e  

s t i m u l a t i o n  was q u a n t i t a t i v e l y  i d e n t i c a l  wi th  t h a t  found wi th  2 . 3 ~ 1 0  

G17-gastrin a lone  (F ig .  2 ) .  

-15 

-14M 

When one concent ra t ion  of  PG ( 6 . 3 ~ 1 0 - ~ ~ M )  was appl ied  i n  t h e  presence  

of one of a s e r i e s  of c o n c e n t r a t i o n s  of CCK-OP ( 4 . 3 ~ 1 0 - l ~  t o  4.3x1O-l2M) 

t h e  amount of s t i m u l a t i o n  of  t h e  carbonic  anhydrase a c t i v i t y  r o s e  wi th  

increas ing  concent ra t ions  of  t h e  CCK-OP ( F i g .  3 ) .  

Table  1. The response t o  v a r i o u s  concent ra t ions  of G17-gastrin i n  two 

s e p a r a t e  s e r i e s  of experiments .  

Percentage s t i m u l a t i o n  of carbonic  anhydrase 17 Concentrat ion of G 

( M )  a c t i v i t y  (Mean?rSEM; n=5) 

1st S e r i e s  2nd S e r i e s  

20.1 ?r 1 . 6  22.7 f 3.0  

38.4 i 4.5 

55 .7  ? 5 . 0  

36.9 ?r 4.5  

57.7 f 7 . 8  
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94 LOVERIDGE, BITENSKY, AND CHAYEN 

Hormone Concentmtion(M) 

Fig .  2 .  The dose response graphs of G17 (x)  and CCK-OP ( 0 )  and t h e  e f f e c t  of 

t h e  a d d i t i o n  of 2 . 3 ~ 1 0 - ~ ~ M  G17 on t h e  response t o  CCK-OP (h is tograms) .  

r e s u l t s  a r e  expressed as t h e  meantSEM of t h e  percentage s t i m u l a t i o n  of 

carbonic  anhydrase a c t i v i t y  over  t h a t  e l i c i t e d  by 2 . 3 ~ 1 0 - ~ ~ M  G1, i n  5 s e p a r a t e  

experiments on t i s s u e  from two d i f f e r e n t  animals .  The a s t e r i s k s  r e p r e s e n t  t h e  

concent ra t ions  a t  which t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  between t h e  CCK-OP 

a lone  and CCK-OP t o  which 2.3~10- '~M G17 had been added (p<0.005) .  

The 

DISCUSS ION 

Brawn and Gal lagher  (lo), i n  d e s c r i b i n g  a s p e c i f i c  g a s t r i n  r e c e p t o r  

s i t e  i n  t h e  rat stomach, showed t h a t  pre incubat ion  with 10 M excess  of 

' p e n t a g a s t r i n '  d i d  n o t  i n h i b i t  t h e  b inding  of human g a s t r i n  I (G171) 

whereas a s i m i l a r  excess  of e i t h e r  cholecys tokin in  or s e c r e t i n  i n h i b i t e d  

t h e  binding by a t  l e a s t  50%. S i m i l a r l y  Takeuchi g .  (11) found t h a t  

' p e n t a g a s t r i n '  was one-tenth a s  po ten t  a s  G17-gastrin i n  caus ing  50% 

3 
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POLYPEPTIDE HORMONES 95 

"4 Stimulation 

Hormone Concentration ( M 1 
Fig. 3. The dose response graph t o  CCK-OP ( 0 )  and t h e  e f f e c t  of  t h e  a d d i t i o n  of 

6 . 3 ~ 1 0  M ' p e n t a g a s t r i n '  (h i s tograms) .  The r e s u l t s  a r e  expressed a s  t h e  

meaniSEM of t h e  percentage s t i m u l a t i o n  of carbonic  anhydrase a c t i v i t y  over  t h a t  

e l i c i t e d  by 6.3x10-l5M CCK-OP i n  t h r e e  s e p a r a t e  experiments .  

-14 

i n h i b i t i o n  of s p e c i f i c  gas t r in-b inding  t o  r a t  g a s t r i c  membranes. Although 

the  r e l a t i v e  potency of ' p e n t a g a s t r i n '  and of G1,-gastrin (or of chole-  

cys tokin in  o r  of s e c r e t i n )  was not  determined i n  t h e s e  s t u d i e s ,  t h e  

r e s u l t s  a r e  i n  accord with those  presented  i n  t h e  p r e s e n t  communication. 

In t h e  p r e s e n t  s t u d i e s ,  t h e  i n t e r a c t i o n  w i t h  t h e  r e c e p t o r  is i n f e r r e d  from 

t h e  b i o l o g i c a l  a c t i v i t y  induced by t h e s e  a g e n t s ,  a c t i n g  e i t h e r  s e p a r a t e l y  or 

i n  combination. The r e s u l t s  sugges t  t h a t  t h e  g a s t r i n  r e c e p t o r  may be capable  

of d i s c r i m i n a t i n g  between t h e  n a t u r a l  g a s t r i n  molecule and an homologous 

fragment ,  even when the  l a t t e r  is present  i n  excess .  This  r a i s e s  t h e  

p o s s i b i l i t y  t h a t  t h e  p o r t i o n  of t h e  hormone-molecule t h a t  is normally cons idered  
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96 LOVERIDGE, BITENSKY, AND CHAYEN 

to be biologically inactive may have a function in ensuring that the response 

of the target-cell is specific to the natural hormone. 
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