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Produkten und Enzympriiparat  getestet. Anlagerungen 
yon Sulfid an verschiedene Verbindungen sind aufgetre- 
ten. Sie beeinflussen aber die nachfolgenden Aussagen 
nicht. In der Figur sind die Resultate dargestellt. In 
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Anwesenheit yon H3sS - wird eine Verbindung markiert,  
welche sich als PhosphorsAureester der Thioglycerin- 
siiure herausstellte: 

He--OH 
I 

H2C--O--P O3H 2 

Die beiden Isotope werden getrennt in die zwei C3-Ver- 
bindungen eingebaut. Die Erkliirung dazu liefert der 
Reaktionsmechanismus der CarboxylaseL Falls bei der 
Spaltung der gusserst unbestAndigen C,-Verbindung 
Hz3~S die Funktion yon HzO fibernimmt, entsteht  neben 
einem 14C-markierten Molekfil Phosphoglyzerins~ure ein 
3~S-markiertes Molekiil PhosphothioglyzerinsAure. Die 
Carboxylase ist somit fiir die Synthese nicht direkt erfor- 
derlich, sondern lediglich fiir die Bereitstellung der 
instabilen C,-Verbindung 8. 

Summary. The presence of sulphide in the reaction 
mixture of the Ru-DP carboxylation leads to the synthesis 
of phospho-thioglyceric acid. 
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Autoradiographie der Reaktionsprodukte. 1, 2, 3, 4 = versehiedene 
Ans~.tze (vgl. Text). a) Start; b) Phosphothioglyzerins~iure; c) Phos- 
phoglyzerins~iure; d} anorganisehe Oxidationsprodukte des Sehwefels. 
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Immunochemica l  Differentiation between Gastrin 
Conjugation of Peptides to Proteins 

Gastrins from different mammalian species are all 
heptadecapeptide amides with amino-acid sequences 
varying in the central region 1-s. At  the outset  of the 
chemical work it was discovered that  gastrin-like hor- 
monal act ivi ty  is possessed by any peptide containing 
the same four C-terminal residues as the gastrins, viz. 
Trp-Met-Asp-Phe-NH24. The same sequence has since 
been discovered as a structural component of other 
naturally occurring peptidesS, ~, notably cholecystokinin- 
pancreozymin (CCK-PZ)T. There is a clear need for a 
sensitive technique of differentiating between gastrin and 
CCK-PZ in biological tissues. Several immunochemical  
assays have been developed for gastrin (e.g. refs.S-n), 
but  in their present form there is risk of cross react ivi ty  
with CCK-PZ. In this communica t ion  we describe a 
logical method of achieving the desired selectivity in 
immunochemical assay of gastrin. 

The problem was approached with the aim of raising 
antibodies to that  part  of the gastrin molecule lacking 
the C-terminal tetrapeptide. The functional groups in 
this 1-13 sequence comprise several side-chain carboxyl 

and Related Peptide H o r m o n e s  through a Novel  

groups of glutamic acid and one phenolic group of tyrosine 
at  position 12. The lat ter  seemed to us to offer the best 
link for peptide-protein conjugates which would be 
specifically antigenic. 

Halogenated-1, 3, 5-triazines are excellent reagents for 
at taching small molecules to macromolecules 1~-14, and 
they can be used successfully for coupling peptides, 
through their amino-groups, to proteins 1. 2, 4-Dichloro- 
6-methoxy-l ,  3,5-triazine (I) is reacts with the phenolic 
hydroxyl  group of tyrosine residues in neutral  solution 
at surprising speed, yielding the mono-chloro derivative 
(II) xe. The remaining chlorine retains sufficient reactivi ty 
for convenient displacement by, for example, the side- 
chain amino-groups of a protein. Thus the conjugates (III) 
are accessible. Acidic hydrolysis of the conjugates and 
amino-acid analysis in the usual way reveal the new 
amino-acid (IV), which is eluted in the analyzer close 
to leucinelL Conjugation of (II) with proteins can be 
run at pH 8.5 (pH stat), but on a small scale it is con- 
venient  to use potassium bicarbonate to buffer both this 
stage and the initial formation of (II) from (I). 
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B o t h  syn the t i c  h u m a n  gas t r in  I zs and  the  1-13 pept ide ,  
Glu-Gly-Pro-Trp-Leu-Glu~-Ala-Tyr -Gly-OH,  were con- 

j u g a t e d  w i t h  bov ine  se rum a l b u m i n  (BSA) by  th i s  novel  
technique .  The  1-13 p e p t i d e  was  p r e p a r e d  b y  the  usual  
r emova l  of t he  b locking  groups  f rom its  p e n t a - t - b u t y l  
m o n o m e t h y l  ester,  p r epa red  e i t he r  b y  the  m e t h o d  of 
MORLEY ~ or an a d a p t a t i o n  of our  own la tes t  m e t h o d  
for syn thes i s  of h u m a n  gas t r in  ~0. In  a typ ica l  expe r imen t ,  
t he  t r iaz ine  (I) (11.14 rag) and  KHCO~ (30.72 mg) were  
a d d e d  to  1-13 pep t ide  (35.76 mg), fol lowed by  ace tone  
(0.8 ml) a n d  w a t e r  (0.8 ml). The  m i x t u r e  was  kep t  a t  
20°C (N~) for  1.5 h and  t h e n  washed  well  w i t h  e ther .  
B S A  (60.81 mg),  K H C O  s (38.96 mg) and  w a t e r  (0.4 ml) 
were  t h e n  added,  and  the  m i x t u r e  was  kep t  a t  30°C 
(Nz) for 22 h. The  con juga te  (73.00 mg) was isola ted  
by  gel c h r o m a t o g r a p h y  (Sephadex  G-25, 0.4% aqueous  
NH4HCOz), and  amino-ac id  analys is  ind ica ted  t h a t  12 
moles  of 1-13 p e p t i d e  h a d  con juga ted  to  each  mol  of BSA.  

The  p e p t i d e - B S A  con juga tes  were  d isso lved  in 0 . 1 5 M  
NaC1 - 0 . 0 1 M  phospha te ,  t f f t  7.4, and  emuls i f ied  w i t h  
an  equal  vo lume  of 4:1 minera l  oil - ar lacel  A (v/v);  
t he  minera l  oil con ta ined  Mycobacterium butyricum 
(500 btg/ml). R a n d o m l y  bred  New Zealand whi te  r abb i t s  
(3 in each  group) were immun ized  w i t h  1 mg of con- 
juga te  by  4 foo t -pad  in jec t ions  a t  in te rva l s  of 2 mon ths .  
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Calibration diagram indicating the percent of total [t~I]-human 
gastrin I precipitated using antisera from immunization with 1-13 
peptide-BSA conjugate with inclusion of human gastrin I (@), 
1-13 peptide (&), Trp-Met-Asp-Phe-NH~ (O), and CCK-PZ (111) 
respectively. 

Blood was o b t a i n e d  by  cardiac  p u n c t u r e  before  t he  f i rs t  
in jec t ion  and  2 weeks  a f t e r  the  final  in jec t ion  of t he  
series. A n t i b o d y  a c t i v i t y  was  d e t e r m i n e d  by  a s sessmen t  
of a n t i b o d y  b ind ing  of [12~I]-human gas t r in  I ~x. 

As shown in t he  Figure,  ident ica l  i nh ib i t i on  of  b ind ing  
by  h u m a n  gas t r in  and  1-13 p e p t i d e  was  d i sp l ayed  when  
the  an t ibod ie s  had  been  raised to  1-13 conjugate .  More- 
over  the re  was no de t ec t ab l e  cross r eac t iv i ty  w i th  e i ther  
CCK-PZ or T r p - M e t - A s p - P h e - N H  v On the  o the r  hand ,  
an t ibod ies  ra ised to  h u m a n  gas t r in  I - B S A  con juga te  
(prepared  in t h e  s ame  manner )  showed  cross r eac t i v i t y  
w i th  CCK-PZ.  The  biological  work  is descr ibed  in de ta i l  
and  i ts  impl ica t ions  are discussed e lsewhere  ~z. 

Zusammen[assung. Nachweis ,  dass  m i t  Hilfe  von  
2 , 4 - D i c h l o r - 6 - m e t h o x y - l , 3 , 5 - t r i a z i n  Tyros inres te  yon 
Pe p t i d e n  und  Lys in res te  yon P ro t e inen  m i t e i n a n d e r  ver-  
kni ipf t  we rden  kSnnen.  Auf dieser  Basis  wurde  ein 
immunolog i sche r  Tes t  fiir die Sequenz  1-13 yon mensch -  
l ichem Gas t r in  en twicke l t .  
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