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PURIFICATION OF RADIO-IODINATED 
CHOLECYSTOKININ PEPTIDES BY REVERSE PHASE HPLC 

n, FOURMY, L ,  PRADAYROL, H. ANTONIOTFI,J.P. ESTEVE 
and A. RIBET 

Laboratoire de Biologie e t  Pathologie Digestive INSERM U 151 
CHU de Rangueil 31054 TOULOUSE CEDEX (FRANCE) 

ABSTRACT 

The pu r i f i ca t ion  of the iodinated t r a c e r s  of CCK pept ides  
using Sphadex G 5 0  chromatography does not allow f o r  a good separa- 
t i on  between non-modified peptides and l abe l l ed  peptides,  W e  pre- 
sen t ,  i n  this paper a simple and rapid pu r i f i ca t ion  method using 
reverse phase HPLC with a C-18 column for four of these t r ace r s .  
The b io logica l  cha rac t e r i s t i c s  of the  molecules obtained demons- 
trate t h e i r  strong spec i f i c  r ad ioac t iv i ty  and t h e i r  high degree 
of pur i ty .  

INTRODUCTION 

The use of radio-iodinated peptides a s  t r a c e r s  i n  radio- 

immunoassay ( R I A )  and receptor binding s tud ie s  has gained wide 

acceptance due t o  the ease of preparation and the  high s p e c i f i c  

a c t i v i t i e s  obtainable (1)  I n  the  p a r t i c u l a r  case of peptides 

belonging to  the cholecystokinin family (CCK) , the Bolon-Hunter 

method f o r  iod ina t ion  reac t ion  under conditions avoiding oxidation, 
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758 FOURMY ET AL. 

is t h e  o n l y  one which permi ts  t h e  usc of a tracer i n  radio-immuno- 

a s s a y  t h a t  is capable  o f  b i o l o g i c a l  a c t i v i t y .  

Up to  now, t h e  p u r i f i c a t i o n  of  t h e s e  t r a c e r s  has  been achieve  

on sephadex which i s  n o t  t o t a l l y  s a t i s f a c t o r y ,  I n  a d d i t i o n ,  t h i s  

method does n o t  g i v e  qood chromatoqraphic d i f f e r e n t i a t i o n  o f  t h e  

i o d i n a t e d  p e p t i d e  from t h e  non-iodinated p e p t i d e ,  t h e  l a t t e r  

being added i n  excess .  

We propose,  i n  t h i s  paper ,  a s imple and r a p i d  method f o r  t h e  

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

family.  

EXPERIMENTAL. 

Pept ides  

Highly p u r i f i e d  CCK1-39 w a s  a g i f t  of P r o f e s s e u r  V, Mutt 

(Karol inska I n s t i t u t e t ,  Stockholm, Sweden) ; the C-terminal deca- 

p e p t i d e  (CCK30-39) and a d e r i v a t i v e  of the C-terminal nona.peptide 

namely (Thr34, N Leu 37)-CCK31-39 were s y n t h e t i z e d  by Prof .  E .  

Wnnsch from Max Planck I n s t i t u t e  far Biochemie, Muncheen, West 

G e r m .  The C-terminal t e t r a p e p t i d e  CCK 36-39 w a s  purchased from 

In terch im (MontluGon, F r a n c e ) ,  P e p t i d e s  used  i n  t h i s  s t u d y  were 

homogenous i n  r e v e r s e  phase HPLC, They were rechromatographied 

b e f o r e  l a b e l l i n g  i f  and when necessary.  

I o d i n a t i o n  precedure  

CCK p e p t i d e s  were radio- iodinateci  by conjugat ion  of the hor-  

mone to  I2’I - Bolton-Hunter reagent[N-succinimia~.l 3- (4-hydroxy, 
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PURIFICATION OF CHOLECYSTOKININ PEPTIDES 759 

5 -(lZ51) iodophenyl) propionatq of s p e c i f i c  a c t i v i t y  ̂ . 2 C i /  pal. 

(Amersham France) according t o  Rehfeld ( 2 ) .  About f i v e  micrograms 

of peptide i n  15 bl of 0.1 M sodium bora te ,  pH”8.5 w e r e  added t o  

0.5 mCi  of d r i ed  Bolton-Hunter ( B H l Z 5 I )  reagent. After a 45  min 

s t i r r i n g  i n  an i c e  bath,  500 ~1 of 0,2 M glycine i n  0.1 M Sodium 

bora te  pH = 8.5 w a s  added t o  the  reac t ion  mini-vial. 

HPLC 
~ 

Pur i f i ca t ion  of CCK-BH-I 251 t r a c e r s  w a s  performed on a p-Bonda- 

pak C - l e  column (3.9 x 30 cm). The mobil phase was composed of a 

triethylammonium phosphate (TEAP) buf fer  0.25 N, pH = 3.5 combined 

w i t h  a c e t o n i t r i l .  Triethylamin and a c e t o n i t r i l  were supplied by 

Fluka-Lab. Water was deionized and then d i s t i l l e d  i n  g l a s s .  The 

waters assoc ia tes  l i qu id  chromatograph model 204 cons is ted  of a 

U6K i n j e c t o r ,  6000 A pump, Schoeffel  model 770 multiwave lenght 

de tec tor  and omniscribe cha r t  recorder.  

HPLC was run i s o c r a t i c a l l y  i n  a TEAP/acetonitril (74/26) 

buf fer  f o r  a t  least 15 minutes, then e l u t i o n  of the  rad io labe l led  

peptides was performed by increas ing  the  a c e t o n i t r i l  r a t i o  of the  

mobil phase t o  5 0  %. Flow r a t e  and back pressure  w e r e  respective- 

l y  2 m l / m i n  and 1500 PSI, Non-labelled peptides i n  the  e luan t  

were monitored by absorption a t  210 nm, f r a c t i o n s  of 1 m l  were 

co l l ec t ed  and r a t io -ac t iv i ty  w a s  determined i n  a Packard PGD auto 

gamma counter. 

Biological s tud ie s  

The pu r i ty  of the  CCK radio-iodinated peptides w a s  t e s t e d  by 

the  study of their binding c h a r a c t e r i s t i c s  t o  i s o l a t e d  pancrea t ic  
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7 60 FOURMY ET AL. 

a c i n i .  Acini  were prepared ,  a s  p r e v i o u s l y  r e p o r t e d ,  from guinea- 

p i g s  ( 5 ) .  About 50 000 cpm of r a d i o a c t i v e  f r a c t i o n s  were incubated  

a l o n e  o r  i n  combination wi th  c a e r u l e i n  ( F a r m i t a l i a ,  Milan) f o r  4 0  

min a t  37'C i n  a 24.5  mM Hepes [4-(2-hydroxyethyll-l-piperazine 

e thane  s a l f o n i c  a c i q  b u f f e r  pH = 7.4 c o n t a i n i n g  1.5 % (w/v) bovine 

ablumin, 0.1 % (W/V) b a c i t r a c i n ,  5 0  microg/ml s t rep tomycin  s u l f a t e ,  

100 U / m l  potassium p e n i c i l l i n  G and 0,Ol % soybean t r y p s i n  i n h i b i -  

t o r .  A f t e r  i n c u b a t i o n ,  an a l i q u o t  of t h e  suspens ion  was removed, 

washed with medium p l u s  12 % albumin a t  4'C and c e n t r i f u g e d .  Radio- 

a c t i v i t y  associat.ed w i t h  cel ls  was then measured. S p e c i f i c  b inding  

was d e f i n e d  a s  t h e  excess  b inding  over  t h a t  i n  b l a n k s  c o n t a i n i n g  

c a e r u l e i n  and I as the  c o n c e n t r a t i o n  o f  c e r u l e i n  that i n h i -  5 0  

b i t e d  5 0  % of  s p e c i f i c  b inding .  

RESULTS 

Figure  l a  and l b  i l l u s t r a t e  t h e  e l u t i o n  prof i ls  o f  t h e  

Bolton-Hunter r e a g e n t  and t h e  i o d i n a t e d  product  o f  glycine. .  

The F3H-1251 r e a g e n t  i n j e c t e d  i n  s o l u t i o n  i n  benzene i s  n o t  e l u t e d  

with the 26 % a c e t o n i t r i l  b u f f e r  i n  less  t h a n  15 minutes .  However 

with a change t o  50 % a c e t o n i t r i l  a t o t a l  e l u t i o n  o f  the r e a g e n t  

t a k e s  p lace .  

Under i s o c r a t i c  c o n d i t i o n s  ( 2 6  % a c e t o n i t r i l l ,  t h e  rad io-  

a c t i v i t y  of  t h e  l a b e l l e d  g l y c i n e  product  is  e l u t e d  as a major 

peak with tR = 4 min ; t h i s  corresponds t o  gly-BH- 12'1, and t o  

a secondary peak w i t h  a tR = 7.5 min, which i s  most l i k e l y  a 

h y d r o l y s i s  product  o f  BH-1251. I t  w a s  observed  t h a t  a f t e r  a 26 % 
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F I G U R E  1 .  Radioac t ive  p r o f i l e s  of t h e  e l u t e d  f r a c t i o n s  from HPLC 
chromatography us ing  C-18 column. 
S o l u t i o n s  i n j e c t e d  : 
a )  5.5 106 cpm of B o l t o n - H ~ n t e r - ~ ~ ~ I  r e a g e n t  (BH-'251) 
b )  18.106 cpm o f  t h e  i o d i n a t e d  product  of g l y c i n e  
c )  260.106 cpm of t h e  i o d i n a t e d  s o l u t i o n  o f  CCK30-39 
S t e p  g r a d i e n t  w i t h  t r i e t h y l a m i n  phosphate  b u f f e r  0 .25 N pH = 3.5 

6 u f f e r / a c e t o n i t r i l  (50 /50) .  Flow rate  : 2 ml/min ; Back p r e s s u r e :  
1500 PSI ; volume of each e l u t e d  f r a c t i o n  : 1 m l  

a c e t o n i t r i l  (74/26) dur ing  15 min and t h e n  t r i e t h y l a m i n  phosphate 

4 : tp, Of CCK30-39 

chromatographic  run ,  t h e  q u a s i - t o t a l  r a d i o a c t i v i t y  i n j e c t e d  i s  

e l u t e d ,  and no observable  r e s i d u a l  peak i s  e l u t e d  when going  t o  

a 50 % a c e t o n i t r i l  b u f f e r  ( f i g .  l b ) .  

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

HPLC of an a l i q u o t  of  the CCK 30-39 l a b e l l e d  s o l u t i o n  used i s  
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FOURMY ET AL. 762 

shown i n  f i g u r e  l c .  Four peaks  are r e s o l v e d  ; one peak close t o  

vo whose i d e n t i t y  i s  n o t  known ; a n o t h e r  very dominant peak a t  

4 min, which corresponds to  g l y  - BH -12’1 ; a peak a t  7.5 min 

probably c o n t a i n i n g  a h y d r o l y s i s  product  of BH-1251 and a l a s t  

peak e l u t e d  wi th  t h e  50 % a c e t o n i t r i l  b u f f e r .  T h i s  l a s t  peak 

i s  t h e  only one tha t  c o n t a i n s  molecules  e x c l u s i v e l y  w i t h  charac-  

t e r i s t ics  o f  t h e  CCK 

b i n d  s p e c i f i c a l l y  to  t h e  h i g h  a f f i n i t y  r e c e p t o r s  o f  CCK i n  the 

p a n c r e a t i c  a c i n i .  

-BH-1251 t r a c e r s ,  s i n c e  t h e s e  molecules 
30-39 

All t h e  r e s u l t s  d e a l i n g  w i t h  the tracer HPLC r u n s  are sum- 

marized i n  t a b l e  1, I s o c r a t i c  runs  us ing  26 8 a c e t o n i t r i l  b u f f e r  

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

Using t h e  same b u f f e r  system, t h e  r e t e n t i o n  o f  t h e  l a b e l l e d  p e p t i -  

des  produces a t o t a l  s e p a r a t i o n  o f  t h e  t r a c e r s  from non- labe l led  

p e p t i d e  moiety. The choice  of t h e  50 % a c e t o n i t r i l  b u f f e r  w i t h i n  

t h e  15  min p e r i o d  under i s o c r a t i c  c o n d i t i o n s  r e s u l t s  i n  a compro- 

m i s e  between t w o  r e q u i s i t e s  : 1)  t h e  c e r t a i n t y  o f  t h e  t o t a l  e l u t i o n  

of  t h e  non-iodinated species and 2) t h e  assurance  o f  a good tracer 

recovery.  The l i m i t i n g  v a l u e s  of t h e  p e r c e n t  r a d i o a c t i v i t y  incor -  

p o r a t e d  i n  t h e  s p e c i e s  demonst ra t ing  a s p e c i f i c  a f f i n i t y  w i t h  pan- 

creatic a c i n i ,  are r e p o r t e d  i n  t a b l e  1 as w e l l .  I n  a d d i t i o n ,  d u r i n g  

t h e  course  of  t h e  experiments ,  an average chromatographic recovery  

c a l c u l a t e d  on the b a s i s  of  the p e r c e n t  r a d i o a c t i v i t y  e l u t e d  w i t h i n  

30 minutes between 85.0 3.4 % was o b t a i n e d .  

When CCKl-jg-BH1251 i s  p l a c e d  i n  the presence  of i s o l a t e d  

p a n c r e a t i c  a c i n i ,  a t o t a l  b inding  of  5.7 2 0.9 % i s  found. The 
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12-30 

763  

10 

TABLE I 

Chromatographic r e s u l t s  of  f o u r  l a b e l l e d  p e p t i d e s  be longing  t o  CCK-family. 
Column - Bondapak C-18. S t e p  g r a d i e n t  wi th  t r ie thylaminphosphate  b u f f e r  
0.25N pH : 3.5 ( a c e t o n i t r i l  : 74/26, dur ing  15 min and t h e n ,  t r i e t h y l a m i n  
phosphate b u f f e r / a c e t o n i t r i l  : 50/50 ; flow ra te  : 2 ml/min ; back Dressure  
1500 PSI ; volume o f  each e l u t e d  f r a c t i o n  : 1 m l .  

P e p t i d e s  

un-modi f i e d  
p e p t i d e s  

p e p t i d e s  

t------ 
% of  t o t a l  
r a d i o a c t i v i t y  
recovered  i n  
b i o l o g i c a l l y  
a c t i v e  f r a c t i o n s  
( l i m i t i n g  v a l u e s )  

% of  t o t a l  
r a d i o a c t i v i t y  
e l u t e d  a t  
30 min 

37 Thr ,NLeu 
34 

- CCK31-39 

8.25 

19.5 

4-6 

CCK36-I 

3 . 2 0  

20 .0  

16-30 

non-spec i f ic  b inding  and t h e  I 

0,l  nM ( 6 ) .  With CCK 

B € I - ’ ~ ~ I  tracers a s l i g h t l y  weaker s p e c i f i c  b inding  took p l a c e  w i t h  

are r e s p e c t i v e l y  0.6 2 0 . 2  % and 
50 

BH-12’I and (Thr34, NLeu ) CCK31-39 - 30-39 37 

Is0 values  Comparable to  t h a t  o f  CCK1-39 - BH-12’I. Regardless  of 

which t r a c e r  used, non-spec i f ic  b inding  v a l u e s  of  about  10 % of the 

to t a l  b inding  were o b t a i n e d ,  Only CCK36-39 BH-12’I, a l o n e  does n o t  

b i n d  t o  p a n c r e a t i c  a c i n i .  
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7 64 FOURMY ET AL. 

DISCUSSION 

HPLC r e s u l t s  of BH-12% and g l y - d Z 5 1  revea l  a s t rong  

hydrophobic a b i l i t y  on the  p a r t  of the Bolton-Hunter reagent.  Its 

combination w i t h  peptides of CCK l ead  t o  the formation of molecu- 

l e s  which a r e  highly re ta ined  on the  C-18 phase of the  column. 

It i s  t h i s  c h a r a c t e r i s t i c  property which l ed  u s  t o  use a s t e p  

gradien t  of 26 % t o  50 % a c e t o n i t r i l .  

Application of the  l e a s t  s t e p  gradien t  i s  s u f f i c i e n t  enough 

f o r  e lu t ion  of the l abe l l ed  peptides with, however a drop i n  the 

chromatographic y i e l d  as w e l l  a s  fo r  the e lu t ion  of a l a rge r  

volume. 

Our objec t ive  w a s  not optimisation of the  percent 

incorporation of iodine 1251 i n  peptides ; nevertheless t he  values 

were obtained a r e  compatible with those found by o ther  authors 

(2 ,  3 ) .  

Our method has the  d i s t i n c t  advantage of producing a good 

separation of t r a c e r s  from the  unsubsti tuted pept ide ,  t he  l a t t e r  

being per fec t ly  e lu t ed  i n  the  26 % a c e t o n i t r i l  buf fer  ; t r a c e r s  of 

high s p e c i f i c  a c t i v i t y  could thus be an t i c ipa t ed .  

The r e s u l t s  of the  f i r s t  s tud ie s  on  the  binding of  these  

t r ace r s  with pancreatic a c i n i  proove t h e i r  s t rong  s p e c i f i c  binding 

a f f i n i t y  a s  well  a s  t o  t h e i r  high degree of pu r i ty .  In  f a c t ,  a 

grea te r  percentage of the  s p e c i f i c  binding of CCK1-39 BH-12’I than 

t h a t  obtained from CCK 

using Sephadex (4,7) and a weaker non-specific binding ( < lo % )  

were observed. Absence of CCK 36-39 BH-lZ5I binding is  compatible 

- BH-lZ5I prepared from chromatography 4-39 
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P U R I F I C A T I O N  OF CHOLECYSTOKININ P E P T I D E S  765 

with the weak a f f i n i t y  of t h i s  peptide fragment f o r  the CCK recep- 

tors of pancreat ic  ac in i  ( 8 ) .  

~ l l  our methodology employed l i m i t s  the  r i s k  of oxidation 

as  is shown by the binding a b i l i t y  of recovered molecules. 

The time with which the separation i s  ca r r i ed  ou t  (less than 

30 m i n )  most l i k e l y  avoidssuch problems. Final ly ,  the possible 

iden t i f i ca t ion  of oxidized components during non-iodinated peptide 

run, gives t h i s  method an added advantage (9,  lo ) .  A l l  of the data 

give above show, i n  addition, t h a t  w i t h  t h i s  chromatographic 

method the f r ac t ions  containing a maximum rad ioac t iv i ty  a re  those 

which present the bes t  biological  cha rac t e r i s t i c s ,  contrary t o  

what i s  normally found i n  conventional chromatography ( 2 ) .  Further- 

more, these t r ace r s  are  recognised by antibodies react ing with 

C-terminal port ion of CCK (Prof. J . A .  Chayvidle ,  personal mmmu- 

n i ca t ion ) .  They could be used i n  radio-innnunoassay. (Thr34, NLeuj3)- 

CCK31-39 - BH-1251 seems bes t  adapted t o  t h i s  end due t o  the 

subs t i t u t ion  of oxidisable methonine residues.  
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