
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 16 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Immunoassay and Immunochemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597271

125I-(Thr34, Nle37)- CCK31-39 A Non Oxidizable Tracer for the
Characterization of CCK Receptor on Pancreatic Acini and Radio-
Immunoassay of C-Terminal CCK Peptides
Daniel Fourmya; Lucien Pradayrola; Nicole Vayssea; Christiane Susinia; Andre Ribeta

a INSERM U 151, TOULOUSE, FRANCE

To cite this Article Fourmy, Daniel , Pradayrol, Lucien , Vaysse, Nicole , Susini, Christiane and Ribet, Andre(1984) '125I-
(Thr34, Nle37)- CCK31-39 A Non Oxidizable Tracer for the Characterization of CCK Receptor on Pancreatic Acini and
Radio-Immunoassay of C-Terminal CCK Peptides', Journal of Immunoassay and Immunochemistry, 5: 1, 99 — 120
To link to this Article: DOI: 10.1080/01971528408063001
URL: http://dx.doi.org/10.1080/01971528408063001

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597271
http://dx.doi.org/10.1080/01971528408063001
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF IMMUNOASSAY, 5(1&2),  99-120 (1984)  

1251-(Thr34, Nle37)- CCK31-39 A NON OXIDIZABLE TRACER 
FOR THE CHARACTERIZATION OF CCK RECEPTOR ON PANCREA- 
T I C  A C I N I  AND RADIO-IMMUNOASSAY OF C-TERMINAL CCK 

PEPTIDES 

Daniel FOURMY, Lucien PRADAYROL, N ico le  VAYSSE, Chr is t iane 
SUSINI  and Andre RIBET 

INSERM U 151, CHU Rangueil , Chemin du Val lon, 31054 TOULOUSE 
FRANCE 

Short t i t l e  : 1251-(Thr, N1e)-CCK-9 a non ox id i zab le  CCK t r a c e r  

ABSTRACT 

A d e r i v a t i v e  o f  the C-terminal nonapeptide o f  CCK, namely 
kTht-34, Nle37) - CCK31-39 was rad io - iod ina ted  by  conjugat ion w i t h  

251-Bol ton-Hunter reagent. The l a b e l l e d  pept ide was p u r i f i e d  by 
RP-HPLC on a C-18 column. Va l i da t i on  o f  the iod ina ted  pept ide was 
performed by measuring i t s  b io log i ca l  i n t e g r i t y  and by studying 
i t s  b ind ing  cha rac te r i s t i cs  on pancreat ic a c i n i .  125I-(Thr, N1e)- 
CCK-9 present the same a b i l i t y  t o  s t imu la tes  amylase release than 
(Thr, N1e)- CCK-9 and CCK-8. Binding o f  the rad io - l igand t o  CCK 
receptors i s  spec i f i c ,  revers ib le ,  saturable.  I n h i b i t i o n  of the 
b ind ing  by CCK-related peptides co r re la tes  we l l  t h e i r  b i o l o g i c a l  
potencies. 125I-(Thr, N1e)-CCK-9 i s  ab le  t o  i n t e r a c t  w i t h  h igh  
a f f i n i t y  CCK receptors. Furthermore, 125I-(Thr, N1e)-CCK-9 i s  
recognized by C-terminal CCK d i rec ted  ant ibodies.  This r e l i a b l e  
t r a c e r  could be used as a replacement o f  CCK-8 since i t  i s  pro- 
tec ted  from r i s k s  o f  ox ida t ion .  

INTRODUCTION 

Cholecystokinin was i n i t i a l l y  i s o l a t e d  from porcine duodenum 

as a 33-amino-acid pept ide hormone (1, 2) t h a t  s t imu la tes  both 
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100 FOURMY ET AL. 

pancreat ic enzyme secre t ion  and ga l lb ladder  con t rac t i on  (3). It i s  

now we l l  establ ished t h a t  cho lecys tok in in  e x i s t s  i n  mu1 t i p l e  mole- 

cu la r  forms i n  the i n t e s t i n e  and i n  the nervous system (4 ) .  Seve- 

r a l  peptides ranging i n  length  from 39 t o  4 amino-acids (CCK-39, 

CCK-33, CCK-12, CCK-8, CCK-4) have been i d e n t i f i e d  (1, 5 ,  6, 7 ) .  

The la rges t  molecular forms (CCK-39, CCK-33) migh t  correspond t o  

b iosyn the t ic  precursors of the octa- and tetra-pept ides,  which 

might be the  phys io log i ca l l y  a c t i v e  forms. Several s tud ies  support 

t h i s  view (8, 9, 10). Rehfeld e t  a l .  have demonstrated t h a t  CCK-8 

and CCK-4 are the predominant molecular fonns synthet ized i n  

b r a i n  neurons and t h a t  there e x i s t s  a precursor-product r e l a t i o n -  

sh ip  between the l a rge  forms and CCK-8 (9). App l i ca t i on  o f  low 

amounts o f  CCK-8 and CCK-4 t o  postsynapt ic membranes s t rong ly  

e x c i t e  hyppocampal neurons (11). Thus, CCK-peptides are  now reco- 

gnized as neural peptides w i t h  a poss ib le  r o l e  i n  the cont ro l  o f  

s a t i e t y  (12). " I n  v i t r o " ,  CCK-8 i s  several fo ld more po ten t  than 

CCK-39 and CCK-33 as s t imu lan t  of enzyme secre t ion  (13, 14), b u t  

i n  man " i n  v ivo",  CCK-8 and CCK-33 were found t o  be equipotent 

(15). Several studies have demonstrated the  predominant release 

o f  CCK-8 i n  blood (8, l o ) ,  These r e s u l t s  are much debated (16) 

because o f  d i f f i c u l t i e s  i n  measuring CCK peptides i n  b i o l o g i c a l  

f l u i d s .  Addi t ionnal  i n s i g h t  i n t o  the phys io log ica l  ro les  and 

r e l a t i v e  importance o f  the  d i f f e r e n t  molecular fonns of CCK can 

be obtained by receptor  b ind ing  studies.  U n t i l  now, i n te rac t i ons  

o f  CCK w i t h  i t s  receptors have been e s s e n t i a l l y  s tud ied  w i t h  the 

rad io - iod ina ted  d e r i v a t i v e  o f  CCK-33 prepared by conjugat ion o f  
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1251- (Thr, N1e)-CCK-9 101 

the peptide t o  the l a b e l l e d  Bol ton-Hunter reagent (13, 14). Such 

a radio-1 igand has permit ted charac ter fza t ion  of h igh  a f f i n f t y  

receptors i n  the b ra in  (17) and pancreas (13, 14).  I n  l i g h t  of 

the r e l a t i v e l y  low a c t i v i t y  o f  CCK-33 compared t o  t h a t  of CCK-8, 

and the p o s s i b i l i t y  o f  enzymatic processing o f  the iod ina ted  

po r t i on  from the C-terminal a c t i v e  sequence (13) , 1251-CCK-33 

might no t  be the best t r a c e r  f o r  the study o f  CCK receptors,  

T r i t i a t e d  de r i va t i ves  of CCK-8 (18) o r  caeru le in  (19, 20) have 

a l so  been used i n  such studies,  bu t  the  low s p e c i f i c  a c t i v i t y  o f  

the l igands d i d  no t  permit  a good cha rac te r i za t i on  of h igh  a f f i -  

n i t y  binding s i t es ,  Recently, synthesis o f  iod ina ted  CCK-8 d e r i -  

va t ives  w i t h  h igh  spec i f i c  a c t i v i t y  using the  Bol ton-Hunter rea- 

gent (21) and an iod ina ted  imido-ester (22) have been published, 

Such radio- l igands are expected t o  be more r e s i s t a n t  t o  enzyma- 

t i c  cleavages than 1251-CCK-33 ; however they possess two methio- 

nines which are sens i t i ve  t o  ox ida t ion  which can lead t o  the loss 

o f  b i o a c t i v i t y  of the t r a c e r  dur ing  storage, incubat ion  and/or 

steps of s tud ies  of CCK receptors using chromatographic p u r i f i -  

ca t i on .  

I n  the present communication we r e l a t e  the synthesis and 

p u r i f i c a t i o n  of  a non-oxidizable 1251-CCK t r a c e r  obtained by 

conjugat ion of a d e r i v a t i v e  of the nona-peptide C-terminal o f  

the CCK, [( Thr34, Nle37)-CCK31,3g] t o  1251-Bo1 ton-Hunter reagent. 

The v a l i d a t i o n  of the l a b e l l e d  CCK-peptide i s  done using bl'nding 

studies w i t h  pancreat ic a c i n i  and t e s t s  of immunoreact iv i ty using 

ant ibodies d i rec ted  t o  the C-terminal sequence o f  CCK. 
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102 FOURMY ET AL. 

MATERrALS AND METHODS 

Chemicals 

125I-Bol ton-Hunter reagent (N-Succinimidyl 3 - 4-hydroxy, 

5-1251-iodophenyl 

2000 Ci/mmol was obtained form Amersham France. Acetoni t r i l  was 

purchased from Fluka lab. The C-terminal nonapeptide (Thrgq, 

Nle37) CCK31-39 was synthetized by Prof. E .  WUnsch from Max Plank 

Ins t i tu t  fUr Biochemie, Munchen, West, Germ. Peptides were p u r -  

chased from the following : caerulein and bombesin : Farmitalia, 

Milan, I t a l i a  ; CCK-4 : Interchim, Montlucon, France ; CCK-8 and 

VIP : C . R . B .  laboratories, Cambridge, England ; CCK-39 : GIH 

Research Unit, Karolinska Ins t i tu te ,  Stockholm, Sweden ; Secretin: 

Hoffman La Roche laboratories, Bale, Switzerland ; Glucagon and 

Insulin : Novo Industries pharmaceutiques, Paris,  France, 

propionate) w i t h  a specific ac t iv i ty  of 

Synthesis and purification of 1251-(Thr, N1e)-CCK-9 

( T h r ,  N1e)-CCK-9 was radio-iodinated by conjugation of the 

peptide to  mono-iodinated 1251-Bo1 ton-Hunter reagent. An a1 iquot 

of the 1251-Bolton-Hunter reagent corresponding to  0.5 m C i  was 

transferred to  a reaction minivial and dried under a gentle stream 

of argon. Five micrograms of peptide dissolved in 20 ul of 0,l M 

sodium borate buffer, pH = 8,5 were added to  the iodation v i a l ,  

The mixture was strongly s t i r red  and incubated a t  O°C fo r  1 hour, 

Excess of free 1251-Bolton-Hunter reagent was reacted w i t h  250 1-11 

of 0.4 M glycine i n  0.1 M sodium Borate pH = 8,5. 

Purification of the iodinated CCK peptide was performed by 

reverse-phase HPLC on a C-18 WBondapak column as previously 
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1251- (Thr, N1e)-CCK-9 103 

described (23).  Radioactive f r a c t i o n s  were d i l u t e d  w i t h  1 m l  of 

storage s o l u t i o n  conta in ing  12 % (w/v) of bovine serum albumin 

and freezed a t  - 30. C. 

B io log i ca l  v a l i d a t i o n  o f  1251_(Thr, N1e)-CCK-9 

Standard medium used f o r  p repara t ion  of a c i n i  and fo r  incuba- 

t i o n s  was a Krebs-Hepes s o l u t i o n  pH = 7.4 gassed w i t h  95 % 02, 

This was composed of 25 mM Hepes, 103 mM NaCl , 4.8 mM KC1, 1.2 mM 

KH2P04, 1.2 mM Mg SO4, 0.5 mM CaC12, 5 mM glucose, 2 mM glutamine 

0.2 % Bovine serum albumin, 1 % essent ia l  amino-acid s o l u t i o n  

1 % non essent ia l  amino-acid so lu t i on .  Pancreatic a c i n i  from Guinea 

p i g  were prepared as prev ious ly  described (24). The procedure 

involved an enzymatic d iges t i on  by col lagenase (50 U/ml, 40 min 

a t  37O C) fol lowed by mechanical d i ssoc ia t i on  of the  t i ssue  

through glass p ipe t tes .  

*Bioassay o f  1251-(Thr, N1e)-CCK-9 and CCK r e l a t e d  pept ides 

B io log i ca l  a c t i v i t y  o f  the t r a c e r  was c o n t r o l l e d  by measu- 

r i n g  i t s  a b i l i t y  t o  s t imu la te  amylase release on pancreat ic a c i n i ,  

and was compared t o  t h a t  o f  (Thr, N1e)-CCK-9. Various CCK- 

peptides were a l so  tested. An a l i q u o t  o f  the a c i n i  suspension 

(0.5 m l )  was incubated i n  dup l i ca te  a t  37OC for  15 min w i t h  

appropr iate reagents (0.5 m l ) .  A t  the begining and a t  the end o f  

the incubat ion  period, 0.8 m l  of medium was cen t r i f uged  a t  

10 000 xg f o r  15 sec. The supernatant (0.5 m l )  was assayed f o r  

amylase a c t i v i t y  by the method of Bern fe ld  (25). To ta l  amylase 

a c t i v i t y  was measured on f o u r  separated a l i quo ts  o f  c e l l  suspen- 
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FOURMY ET AL. 104 

sion treated with Triton X-100 2 % i n  20 mM phosphate buffer. 

Results were expressed as the percent of maximum amylase release 

e l ic i ted  w i t h  each stimulant, 

*Binding characterist ics of 1251-(Thr, N1e)-CCK-9 

B i n d i n g  studies were performed a t  37‘C i n  standard incubation 

medium supplemented w i t h  1 .3  % ( w / v )  bovine serum albumin, 0,l % 

(w/v)  bacitracin, 0.03 % soybean trypsin inhibitor (Sigma). Sam- 

ples of the cell  suspension (0.2 ml) were incubated in duplicate 

with the radio-ligand alone or with the various molecules tested 

( C C K ,  dbcGMP, VIP, ...)( 50 p l ) .  A t  the end of the incubation period 

180 p1 of the suspensl’on was transferred to  plast ic  microtubes 

containing 180 p1 medium plus 1 2  % albumin a t  0°C and were centri-  

fuged (10 000 x g ) .  The supernatant was aspirated, and the bottom 

of tube t h a t  contains radioactivity associated w i t h  c e l l s  was then 

measured. Specific b i n d i n g  was defined as the excess b t n d i n g  over 

tha t  in blanks containing M ( T h r ,  N1e)-CCK-9 and IC50 as the 

concentration o f  peptide that  inhibited 50 % of specific bl’nding. 

For association, dissociation and competition studies the concen- 

tration of radio-ligand used was of about 6.10’11 M. Dissociation 

was studied by incubating acini w i t h  the radio-ligand fo r  90 m i n  

a t  37” ; then 

binding was measured a t  various times. Scatchard plot analysis of 

the binding was done by two methods : incubation of pancreatic 

acini with a constant concentration (6.10”11) of 1251-(Thr, N1e)- 

CCK-9 d i  1 uted w i t h  increasing concentrations o f  (Thr,  N1 e )  -CCK-9 

M ( T h r ,  N1e)-CCK-9 was added, and residual 
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1251-(Thr, Nle)-CCK-9 105 

and by incubat ing pancreat ic a c i n i  w i t h  inc reas ing  concentrat ions 

of 1251-(Thr, N1e)-CCK-9 ranging from M t o  M, 

Imnunoreactivi  t y  o f  125r-(Thr, N1e)-CCK-9 

A commercial a n t i  serum (Merseyside 1 abora tor ies  Warrington, 

England) ra ised  against  the C-terminal t e t rapep t ide  comnon t o  

g a s t r i n  and CCK (CCK-4) was used t o  t e s t  imrnuno-reactivi ty of the  

t race r .  The assay was performed by incubat ing  a t  t 4" C f o r  1 6  

hours i n  a 20 mM sodium b a r b i t a l  buffer pH = 8.0 conta in ing  0.1 % 

(w/v) bovine serum albumine 100 u l  of t r a c e r  d i l u t i o n  (5000 cpm) 

w i t h  100 p1 of antiserum. Displacement of bound pept ide was achie- 

ved by adding doses o f  CCK peptides ranging from 1 t o  10 fmol/ 

assay. Total  volume o f  incubat ion  medium was 500 p1. Antibody- 

bound labe l  was separated from f ree  by adding 250 p l  (10 mg) o f  

amber l i te  r e s i n  CG400 i n  a 20 mM T r i s  buffer pH 8.0. The super- 

na tan t  which contained 1251-(Thr, N1e)-CCK-9 bound t o  antibody was 

t rans fe r red  t o  a p l a s t i c  tube and counted. 

4 

RESULTS 

Preparat ion and p u r i f i c a t i o n  of 1251-(Thr, Nle)-CCK-SI 

Figure 1 i l l u s t r a t e s  chromatographic p r o f i l e s  obtained 

from the HPLC o f  an a l i q u o t  o f  the 1251-(Thry N1e)-CCK-9 solutl'on. 

Rad ioac t i v i t y  was e lu ted  i n  the three main peaks : Peak 1 and 

peak 2 were i d e n t i f i e d  t o  correspond t o  the iod ina ted  g l yc ine  

and the hydro lys is  product o f  125r-Bo1 ton-Hunter reagent ( 2 3 ) .  
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i.3’5 x 106 cpm 

50% r- 
27%CH3CN ] 

-- 
0 3.5 6.5 15.5 21.5 min 

FIGURE 1 : RP-HPLC p r o f f l e  of an a l i q u o t  of l a b e l l i n g  medium o f  
(Thr,Nle -CCK-9. Column : pRondapak C-18 (0.39 x 30 cm) ; mobi le 
phase : i r i e t h y l  ammonium phosphate bu f fe r  0.25 N, pH : 3.5 t 
Ace ton i t r i l e .  HPLC was run  i n  a 27 % a c e t o n i t r i l e  b u f f e r  f o r  15 
mn, then t h i s  r a t i o  was increased t o  50 %. Flow r a t e  : 2 ml/min. 
Back pressure : 1500 P S I .  Molecules were monitored by absorpt ion 
a t  210 nm (------ ) and measurement of r a d i o a c t i v f t y  (0-0) i n  
the 1 m l  fracti‘ons co l lec ted ,  

The l a s t  peak e lu ted  i n  a 50 % a c e t o n i t r i l  b u f f e r  was the o n l y  

one t h a t  contained molecules exc lus i ve l y  w i t h  cha rac te r i s t i cs  o f  

the CCK t racer ,  sfnce these molecules b ind  s p e c f f i c a l l y  t o  the 

CCK receptors on the  pancreat ic a c i n i  and are recognised by 

ant ibodies reac t i ng  w i t h  the C-terminal po r t ton  o f  CCK. The 

average recovery of r a d i o a c t i v i t y  i n  the  b i o l o g i c a l l y  a c t i v e  
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1251- (Thr,  N1e)-CCK-9 107 

fraction was 25 % of total  radio-activity, used in the labell ing 

procedure. In addition, a chromatographic recovery calculated 

on the basis of the percent radioactivity eluted within 30 minu- 

tes  greater t h a n  85 % was obtained. The UV profile a t  210 nm 

showed one larg peak a t  the void volume of the column which 

contains polar components such as borate, glycine. The UV peak 

a t  6.5 min corresponds to  the un-reacted ( T h r ,  N1e)-CCK-9. Final- 

ly a small UV peak i s  observed a t  the same retention time as t h a t  

of the C C K  tracer.  This l a s t  peak might correspond, a t  l eas t  

in part, t o  the labelled peptide. 

Ability of 1251-(Thr, N1e)-CCK-9 to  stimulate amylase release 

The dose-response curve ( f ig .  2 )  revealed that  1251-(Thr, Nle) 

CCK-9 has an ab i l i ty  to stimulate amylase release identical t o  

t h a t  o f  (Thr, N1e)-CCK-9. Concentrations of the labelled peptide 

were calculated by using the specific ac t iv i ty  of 2000 Ci/mmol 

( tha t  of the Bol ton-Hunter reagent), Concentrations of ( T h r ,  N1 e )  - 
CCK-9 and i t s  iodinated derivative which e l ic i ted  half-maxinial 

and maximal responses were M and M respectively. 

Binding studies of 1251-(Thr, N1e)-CCK-9 to  pancreatic acini 

Rime course of association ( f ig .  3)  and dissociation ( f ig .  4)  

When incubating labelled peptide 6.10'11 M w i t h  acini a t  37OC, 

a specific binding to  acini was obtained. Total binding (and 

specific binding) increased, reached equilibrium a t  60 min and 

remained constant to  a t  l eas t  120 min. Non specific binding remai- 

ned constant for  120 rnin and did n o t  exceed 10 %. A t  the equi l i -  
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108 FOLJRMY ET AL. 

FIGURE 2 : A b i l i t y  of 1251-(Thr,Nle)-CCK-9 t o  s t imu la te  amylase 
release on p nc rea t i c  actnl'. Acini' were incubated a t  37' C f o r  
15 min w i t h  P251-(Thr,Nle)-CCK-9 (*-* ) and (Thr,Nle -CCK-9 

was released i n  medium. 
(A-A). A t  the end of Tncubation per iod  10 % o f  t o t a  1 amylase 

brium, a B/F r a t i o  o f  7.2 0.9 % corresponding t o  3.8 f 0.6 fmol 

o f  1251-(Thr. N1e)-CCK-9 bound by mg o f  ac inar  proteins wasfound. 

The amount o f  s p e c i f i c  b inding was p l o t t e d  fo l l ow ing  the  equation 

I n  

brium ; B i s  the spec i f i c  b inding a t  the time considered, S the  

concentrat ion of the  radio-l igand, K,-& the r a t e  constant o f  asso- 

c i a t i o n  observed. The p l o t  which i s  l i n e a r  ind ica tes  t h a t  the 

binding reac t ion  fo l lowed pseudo-f i rst  o rder -k ine t ics ,  

= K&s x t. Beq i s  the spec i f i c  b inding a t  e q u i l i -  
Eeq-B 
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0 2 0 4 0 6 0 8 0  im 0 20 40 60 

time (min. ) time (min.) 

FIGURE 3 : Time course of b ind ing  of 1251-(Thr,Nle)-CCK-9 t o  pan- 
creat ic  acini .  (a typical experiment). Left panel ; acini were 
incubated a t  37' C with the radio-ligand alone (0-0) 
or i n  presence of (Thr,Nle)-CCK-9 10-6 M (non -specific binding) 
(A-A). Right panel : the data are linearized. 

Dissociation of 1251-(Thr, N1e)- CCK-9 in presence of 

of ( T h r ,  N1e)-CCK-9 added to  the incubation medium i s  shown i n  

f ig .  4 .  When the d a t a  was expressed according t o  the equatl'on 

I n  - = k o f f x t ,  a biphasic relationship was found, Because of 

the rapide dissociation rate  of the f i rs t  component, i t s  disso- 

ciation rate  constant could not be accurately calculated, However, 

the dissociation rate  constant corresponding t o  the second s tep 

which has slower kinetic was 13.5 lod m i n n l ,  

M 

B 
Beq 
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0 2 0 4 0 6 0 8 0  

time ( min.) 
20 40 60 80 

time (min.) 

FIGURE 4 : Time course of d i ssoc ia t i on  o f  1251-(Thr,Nlel-CCK-9 
a f t e r  b 
panel : 
10-6 M 
panel ; 

ind ing  t o  a c i n i  f o r  90 min. (a t y p i c a l  experiment). L e f t  

(Thr,Nle)-CCK-9 was measured a t  the times ind ica ted .  R igh t  
rad io - l igand t h a t  remained s p e c i f i c a l l y  bound a f t e r  adding 

data are 1 i nearized. 

*Saturation analysts of l25I-(Thr, N1e)-CCK-9 b ind ing  ( f ig.  5) 

When the radio- l igand was progress ive ly  d i l u t e d  by inc reas ing  

concentrat ions o f  non-labeled peptide. b ind ing  was saturable 

showing an upward-curved Scatchard p l o t .  These r e s u l t s  a re  compa- 

t i b l e  w t th  two orders of b ind ing  s i t es ,  a h igh  a f f i n i t y  s i t e  with 

a Kd : 1-2.10-lo M having a b ind ing  capac i ty  o f  20-30 fmol/mg o f  

p ro te ins  and a lower a f f i n i t y  s i t e  w i t h  a Kd : 3-4.10-8 M having 

a b ind ing  capac i ty  o f  J 500 fmol/mg o f  p ro te ins .  

When a c i n i  were incubated w i t h  inc reas ing  concentrat ions of 

radio- l igand, Scatchard p l o t  was some-what d i f f e r e n t  w i t h  t h a t  

observed i n  presence of inc reas ing  concentrat ions of non-label l e d  
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b 
n 1  

F 
i 

concentration ( fmot/assaym? 

FIGURE 5 : Scatchard p l o t  o f  1251-(Thr,Nle)-CCK-9 b ind ing  (a  t y p i -  
ca l  experiment). L e f t  panel : the rad io - l igand 6.10-11 M was i n -  
cubated w i t h  a c i n i  f o r  90 min i n  presence o f  inc reas ing  concen- 
t r a t i o n s  o f  (Thr,Nle)-CCK-9 f o r  t e s t i n g  sa tu ra t i on  o f  b ind ing  
s i t e s .  Bound pept ide i s  p l o t t e d  as a funct ion o f  concentrat ion.  
Right panel : binding o f  225I-(Thr,Nle)-CCK-9 obtained by incuba- 
t i n g  the rad io - l igand alone (*+) with a c i n i  i s  compared t o  
t h a t  o f  125I-(ThrYNle)-CCK-9 i n  presence o f  (Thr,Nle)-CCK-9 (0-0). 

pept ide bu t  h igh  a f f i n i t y  s i t e s  (Kd : 1.10-10 M) w i t h  charac ter is -  

t i c s  s i m i l a r  t o  t h a t  p rev ious ly  found, could be i d e n t i f i e d .  

*Relat ionship of b io log i ca l  a c t i v i t y  t o  receptor bindi,ng and 

s peci  f i c i  tx 

A b i l i t y  o f  re la ted  CCK peptides t o  compet i t i ve ly  i n h i b i t  

1251-(Thr, N1e)-CCK-9 b ind ing  versus t h e i r  a b i l i t y  t o  s t imu la te  

amylase release on pancreat ic a c i n i  was studied ( f i g .  6 ) .  I n h i b i -  

t i o n  curves were p a r a l l e l  and a l l  the peptides tes ted  progressi-  

ve l y  and complet ly i n h i b i t e d  the b ind ing  of the rad io - l igand.  

Hal f-maximal i n h i b i t i o n  concentrat ion ( IC50) gave the 

fo l l ow ing  r e l a t i v e s  potencies : caeru le in  : I C ~ ~  : 2.10-" PI, 
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112 FOURMY ET AL. 

cuumntratkn (bgM) 

FIGURE 6 : Re la t ionsh ip  o f  b i o l o g i c a l  a c t i v i t y  t o  receptor  b ind ing  
on pancreat ic a c i n i .  A. A b i l i t y  o f  CCK r e l a t e d  pept ides t o  st imu- 
l a t e  amylase release. Ac in i  were incubated a t  37" C f o r  15 min. 
B. A b i l i t y  of CCK r e l a t e d  peptides t o  i n h i b i t  b ind ing  o f  1251- 
(Thr,Nle)-CCK-9 t o  ac in i .  Ac in i  were incubated w i t h  the  rad io -  
l i gand  alone 6.10-11 M o r  i n  presence o f  var ious concentrat ions 
o f  reagents! Caerulein ( e - 0  ) ; CCK-8 ( A d )  ; (Thr,Nle)- 
CCK-9 (A-A) ; CCK-39 : (o-n] ; CCK-4 (+-+) and 
d i b u t y r y l  c y c l i c  GMP (o-o).(Resu t s  are the mean o f  a t  l e a s t  
3 separated experiments). 

CCK-8 and (Thr, N1e)-CCK-9 : I C 5 0  : lo-' M, CCK-39 : I C 5 0  : 

4.10-9 M ; CCK-4 : 2.10-5 M. 

D ibu ty ry l  c y c l i c  GMP, an antagonist  o f  CCK receptors (14) 

i n h i b i t e d  the binding w i t h  an IC50 : 10-4 M, Various agents were 

tes ted  fo r  t h e i r  a b i l i t i e s  t o  i n h i b i t  the b ind ing  of I25 I - (Thr ,  

N1e)-CCK-9, Secret i  n, vasoactive i n t e s t i n a l  pept ide , g l  ucagon , 
insu l  ine, bovine pancreat ic polypeptide, bombesin, dopamine and 

carbamylcholine d i d  no t  i n h i b i t  b ind ing  of 1251'-(Thr, N1e)-CCK-9. 

The dose-response curves f o r  CCK-related-stimulated amylase 

release ( f i g .  6) are a lso  p a r a l l e l .  The pept ides used were able 

t o  e l i c i t e  a maximal amylase release o f  10 % a f t e r  a 15 min 
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concentration ( M )  

FIGURE 7 : Competitive i n h i b i t i o n  of 1251-(Thr,Nle)-CCK-9 t o  
antibody by CCK-8 ( a 4 )  ; CCK-4 
bated w i t h  antibody alone o r  i n  presence of inc reas ing  concentra- 
t i o n s  o f  peptides (shown i n  abscissa) a t  4" C f o r  16 h i n  a 20 mM 
b a r b i t a l  bu f fe r  pH = 8.0. 

( +- ) .  Tracer was incu- 

incubat ion  period. Doses which produced half-maximal s t imu la t i ons  

were : caeru le in  : 5.10'11M, CCK-8 and (Thr, N1e)-CCK-9 : 

CCK-39 : 2.10'10 M ; CCK-4 : 3.10'6 M. These r e s u l t s  are i n  good 

agreement w i t h  the a b i l i t y  o f  these peptides t o  i n t e r a c t  w i t h  

1251-(Thr, Nle) CCK-9 receptors. 

14, 

Degradation of 1251-(Thr, N1e)-CCK-9 dur ing  incubat ion  w i t h  a c i n i  

I n  a f i r s t  attempt rad io - l igand conta in ing  medium incubated 

120 min w i t h  a c i n i  was compared w i t h  f resh  l a b e l l e d  peptide, f o r  

i t s  a b i l i t y  t o  bind t o  a c i n i .  Associat ions k i n e t i c s  were i d e n t i c a l  

and ind ica ted  t h a t  the b ind ing  a c t i v i t y  of the  rad io l i gand  was 
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114 FOURMY ET AL. 

retained d u r i n g  incubation w i t h  a c in i .  In a second type of experi- 

ment were compared immuno-reactivi t y  of t he  radio-1 igand previous- 

l y  exposed t o  acini w i t h  t h a t  of fresh t r a c e r  using f i v e  d i lu t ions  

o f  the C-terminal CCK antiserum. Only 70 % of CCK-like imnuno- 

r eac t iv i ty  was retained a f t e r  a 120 min incubation period w i t h  

pancreatic a c i n i ,  

1251-(Th~, N1e)-CCK-9 as t r a c e r  i n  radio-imnunoassay 

When 2 fmol of radio-ligand were incubated i n  presence 

of the  C-terminal CCK d i rec ted  antibody, 40 % (B/F) of radio- 

a c t i v i t y  was bound t o  antibody, Increasing concentrations o f  

CCK-8 and CCK-4 progressively E n h i b i  ted the  b i n d i n g .  Concentra- 

t i ons  o f  CCK-8 and CCK-4 which inh ib i ted  50 % of i n i t i a l  binding 

were 1 . 2  10-l1 M and  1 . 2  10-9 M respectively.  

DISCUSSION 

Although the s t ruc tu re  of CCK was determined ten years ago, 

only recently have b io logica l ly  ac t ive  iodinated CCK-33 heen 

reported (26, 27). Two iodinated der iva t ives  of CCK-8 have been 

reported ( 2 1 ,  22 ) .  B u t  the main CCK radio-ligand used i n  CCK- 

receptors s tud ies  i s  s t i l l  radio-iodinated CCK-33. The preparation 

method which involves conjugation o f  the  peptide t o  iodinated 

Bol ton-Hunter reagent, avoids oxidation d u r i n g  the reaction and 

preserved biologtcal a c t i v i t y  of the  hormone contrary t o  the 

chloramine T method i n i t i a l l y  used (26, 27). B u t  the o ther  risks 

of oxidation can occur during pu r i f i ca t ion ,  s torage ,  and incu- 

bation w i t h  t a rge t  s t ruc tu res  owing t o  the f a c t  t h a t  the labe l led  
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molecules possesse one methionine t h a t  i s  necessary t o  the  b i o l o -  

g i c a l  a c t i v i t y  on pancreas (28). 

Recently, a new nonoxidable CCK nonapeptide analogue has been 

synthet ised (29). I n  thl's molecule, the methl'onine-34 was 

subs t i t u ted  w i t h  threonine, as f o r  caeru le in  and the methfonine- 

37 with Norleucine. (Thr, N1e)-CCK-9 was found t o  be equipotent 

w i t h  CCK-8 (28). The present studies on pancreat ic a c i n i  confirm 

these l a s t  r e s u l t s  and favour the hypothesis o f  an hydrophobic 

r o l e  o f  the rnethjonine-37 residue i n  the  b i o l o g i c a l l y  a c t i v e  

po r t i on  o f  CCK, S im i la r  r e s u l t s  were obtained w i t h  l i t t l e  

g a s t r i n  (30),  and conformational c a l c u l a t i o n  on g a s t r i n  C-terminal 

te t rapept ide  supports these views (31). 

With the non-oxidizable CCK nonapeptide analogue, we prepared 

an iod ina ted  t race r  used i n  i n t e r a c t i o n  hormone-receptor s tud ies  

and i n  R I A  determinations. The p u r i f i c a t i o n  method i n v o b e d  

reverse-phase HPLC which has the d i s t i n c t  advantage o f  producing 

a good separation of the l a b e l l e d  pept ide from the unsubs t i tu ted  

peptide, i n  cont ras t  t o  conventional methods (22, 26, 27). A h igh  

spec i f i c  a c t i v i t y  could be an t ic ipa ted .  To compared b i o l o g i c a l  

potency o f  1251-(Thr, N1e)-CCK-9 w i t h  the  na t i ve  peptide, we 

compared t h e i r  a b i l i t y  t o  s t imu la te  amylase release i n  ac in i ,  

using the concentrat ion of the l a b e l l e d  component ca lcu la ted  on 

the basis of a 2000 Ci/mmol s p e c i f i c  a c t i v i t y .  The molecules were 

found t o  be equipotent which i nd i ca tes  t h a t  12%-(Thr, N1e)-CCK-9 

possessed an i n t r i n s i c  a c t i v i t y  i d e n t i c a l  with t h a t  of the na t i ve  

peptide and presented probably a s p e c i f i c  a c t i v i t y  near 2000 C i f  

m o l .  Thus, one molecule of 1251-Bolton-Hunter reagent was incor -  

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



116 FOURMY ET AL. 

pored i n  the peptide probably v i a  the  NH2 terminal  a amino group. 

I d e n t i t y  of the  iodfnated (Thr, N1e)-CCK-9 w i t h  the  nonapeptide 

and CCK-8 was completed by assessing i t s  a f f i n i t y  f o r  CCK recep- 

to rs  on pancreatic a c i n i .  Binding o f  the rad io - l igand was speci- 

f i c ,  saturable and revers ib le .  Re la t i ve  potencies o f  the  CCK 

re la ted  peptide t o  inhibl ’ t  12%-(Thr, N1e)-CCK-9 binding cor re la -  

ted we l l  w i t h  t h e i r  r e l a t i v e  a b i l i t y  t o  st tmulate amylase release 

i n  pancreatic ac in i .  (Thr, N1e)-CCK-9 and CCK-8 i n  pa r t i cu la r ,  

have the same potencies t o  i n h i b i t  b inding of I2%-(Thr, N1e)- 

CCK-9. Scatchard p l o t  analysis of the  binding ind ica ted  t h a t  the  

rad io - l igand used i d e n t i f i e d  the high a f f i n i t y  CCK 

receptors presents on pancreatic a c i n i  (13, 14).  Carac ter is t i cs  

o f  the s i t e s  were assessed by two means : one using increasing 

concentrat ion o f  radio-l igand, a second using a progressive 

d i l u t i o n  o f  the radio- l igand by increasing concentrat ion o f  

na t i ve  peptide. Q values found i n  these two se t  o f  experiments 

were i den t i ca l  which confirms i n t r i n s i c  a f f i n i t y  of two molecules 

are s im i la r .  We found a d i ssoc ia t i on  r a t e  constant which i s  i n  

good agreement with values found by  others (13,14,21, 32). 

however, using CCK-8 or CCK-33 iod ina ted  der iva t ives ,  the  same 

authors obtained more rap id  associat ion k i n e t i c s  which lead t o  

an equ i l ib r ium s ta te  a t  15-20 min, whereas 60 min are necessary 

i n  our study. 

(13, 

Enzymatic cleavage o f  1251-BH-CCK-33 i n  medium a f t e r  

binding t o  a c i n i  was reported using t r i c h l o r o a c e t i c  ac id  p rec i -  

p i t a b i l i t y  (13). 1251-BH-CCK-8 was found t o  be r e s i s t a n t  t o  
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enzymatic degradat ions s i n c e  i t s  b i n d i n g  a c t i v i t y  was r e t a i n e d  

d u r i n g  i n c u b a t i o n  w i t h  a c i n i  (21) .  Us ing t h i s  l a s t  p r o p e r t y  we 

found no evidence f o r  t he  degrada t ion  o f  125r-(Thr, N1e)-CCK-9 

i n  t h e  medium. However, us ing  CCK a n t i b o d i e s ,  we found  a drop 

o f  i m n u n o - r e a c t i v i t y  of t h e  r a d i o - l i g a n d  a f t e r  a 2 hours incuba-  

t i o n  p e r i o d ,  Amino-peptidases m i g h t  be r e s p o n s i b l e  o f  t h e  r a d i o -  

1 i gand  immunoreac t i v i t y  decrease. Tn fac t ,  aminopeptide conver- 

s i o n  o f  CCK-9 t o  CCK-8 have been desc r ibed  (33 ) .  

I m n u n o r e a c t i v i t y  t e s t s  i n d i c a t e d  t h a t  1251-(Thr, N1e)-CCK-9 

i s  recognized b y  CCK C-terminal d i r e c t e d  a n t i b o d i e s .  As shown 

from t h e  f i r s t  r e s u l t s  obta ined,  a s e n s i t i v e  radioimmunoassay 

of C-terminal mo lecu la r  forms of CCK c o u l d  be developped w i t h  

1251-(Thr, N1e)-CCK-9 as t r a c e r .  

I n  conclus ion,  a new i o d i n a t e d  probe f o r  CCK r e c e p t o r s  has 

been v a l i d a t e  by assess ing i t s  b i o l o g i c a l  and b i n d i n g  p r o p e r t i e s  

on p a n c r e a t i c  a c i n i .  It c o u l d  be used as t r a c e r  i n  R I A  determina- 

t i o n s  and i n  b i n d i n g  s t u d i e s  as a rep lacement  o f  C C K - 8  s i n c e  i t  i s  

p r o t e c t e d  from a l l  r i s k s  o f  o x i d a t i o n .  
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