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INTRODUCTION 

1 

S e c r e t i n i s a hormone t h a t i s p r o d u c e d by a s p e c i f i c e n d o c r i n e c e l l t y p e i n 
t h e duodenum and j e j e n u m o f many a n i m a l s and man. I t s most c o n s p i c i o u s a c t i o n 
i s t h e s t i m u l a t i o n o f t h e p a n c r e a s t o s e c r e t e a b a s i c , e n z y m e s - c o n t a i n i n g 
p a n c r e a t i c j u i c e . S e c r e t i n i s s e c r e t e d i n t o t h e b l o o d s t r e a m on a c i d i f i c a t i o n o f 
t h e c o n t e n t s of t h e upper p a r t o f t h e g u t . 

S e c r e t i n was f i r s t i s o l a t e d from h o g s . P o r c i n e s e c r e t i n a p p e a r e d t o be a l i n e a r 
2 7 - p e p t i d e amide. I t was s y n t h e s i z e d i n t h i s l a b o r a t o r y * v i a t h e r e p e t i t i v e 
e x c e s s mixed a n h y d r i d e (REMA) method, i n o r d e r t o s t u d y t h e scope o f t h i s 
method i n t h e s y n t h e s i s o f p e p t i d e s i n s o l u t i o n . 

I t seemed a t t r a c t i v e t o i n v e s t i g a t e t h e use o f p o r c i n e s e c r e t i n as a 
t h e r a p e u t i c a g ent f o r u l c e r s o f t h e g a s t r o i n t e s t i n a l t r a c t o r as a d i a g n o s t i c 
a g e nt f o r , e.g., t h e f u n c t i o n of t h e p a n c r e a s . A b i g p r o b l e m , however, was t h e 
i n s t a b i l i t y o f t h e p e p t i d e i n v i t r o . A number of i n v e s t i g a t o r s had r e p o r t e d a 
r a p i d l o s s o f p o t e n c y , e s p e c i a l l y i n aqueous s o l u t i o n . The c a u s e o f t h i s 
phenomenon was n o t known. 

The o b j e c t o f t h e i n v e s t i g a t i o n s d e s c r i b e d i n t h i s t h e s i s was t o a s c e r t a i n t h e 
c a u s e o f t h e r a p i d i n a c t i v a t i o n o f p o r c i n e s e c r e t i n i n v i t r o a t t h e m o l e c u l a r 
l e v e l and t h e f i n d i n g o f a p r a c t i c a l remedy. 

L a b o r a t o r y o f O r g a n i c C h e m i s t r y , D e l f t U n i v e r s i t y o f T e c h n o l o g y , 

J u l i a n a l a a n 136, 2628 BL D e l f t , The N e t h e r l a n d s . 





1. THE GASTROINTESTINAL HORMONE SECRETIN 
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1.1 DISCOVERY, STRUCTURE ELUCIDATION, AND SYNTHESIS 

I n 1902, on J a n u a r y 1 6 t h , B a y l i s s and S t a r l i n g d i s c o v e r e d t h a t t h e p a n c r e a t i c 
s e c r e t i o n i n a dog c o u l d be s t i m u l a t e d by i n t r o d u c i n g d i l u t e h y d r o c h l o r i c a c i d 
i n t o t he jejunum f r o m w h i c h a l l n e r v e c o n n e c t i o n s w i t h t h e body had been c u t 
( 1 ) . They a l s o d i s c o v e r e d t h a t an e x t r a c t of the mucosa o f t h e je j u n u m , a f t e r 
i n j e c t i o n i n t o t h e b l o o d s t r e a m , s t i m u l a t e d t h e p a n c r e a t i c s e c r e t i o n . From 
t h e s e and f o l l o w i n g e x p e r i m e n t s t h e y c o n c l u d e d t h a t t h e s t i m u l a t i o n o f t h e 
p a n c r e a s was caused by a c h e m i c a l messenger, t h a t was t r a n s p o r t e d f r o m t h e 
je j u n u m t o t h e p a n c r e a s v i a the b l o o d s t r e a m . They p r o p o s e d t h e name " s e c r e t i n " 
f o r t h e compound c o n c e r n e d . Soon t h i s name had been g e n e r a l l y a c c e p t e d . T h i s 
was t h e f i r s t t i m e t h a t body r e g u l a t i o n v i a compounds, t r a n s p o r t e d by t h e 
b l o o d , was s u g g e s t e d . L a t e r i t would appear t h a t many f u n c t i o n s i n t h e body 
a r e r e g u l a t e d i n t h i s way. The compounds c o n c e r n e d were c a l l e d hormones. So, 
s e c r e t i n was t h e f i r s t hormone r e c o g n i z e d as s u c h . S e c r e t i n was f o u n d i n many 
a n i m a l s p e c i e s and i n man. 

I t i s i n t e r e s t i n g t o r e c a l l h e r e t h a t t h e f i r s t p e r s o n who s u c c e e d e d i n 
o b t a i n i n g t h e p a n c r e a t i c j u i c e , i n 1664, was t h e D u t c h s c i e n t i s t R e i n i e r de 
G r a a f , who l a t e r l i v e d i n D e l f t as a p h y s i c i a n ( 2 ) . 

The hormone s e c r e t i n was f i r s t i s o l a t e d f r o m h o g s . I n 1961 J o r p e s and Mutt 
i s o l a t e d 10 mg o f pure s e c r e t i n f r o m t h e upper i n t e s t i n e s of 10,000 hogs ( 3 ) . 
I t was p r o v e d t o be a l i n e a r p e p t i d e amide, c o n s i s t i n g of 27 amino a c i d 
r e s i d u e s . I n 1966 J o r p e s and M i t t p r o p o s e d t h e f o l l o w i n g sequence f o r p o r c i n e 
s e c r e t i n ( F i g . 1.1) ( 3 ) : 

H i s - S e r - A s p - G l y - T h r - P h e - T h r - S e r - G l u - L e u - S e r - A r g - L e u - A r g -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

- A s p - S e r - A l a - A r g - L e u - G l n - A r g - L e u - L e u - G l n - G l y - L e u - V a l - N H 2 
15 16 17 18 19 20 21 22 23 24 25 26 27 

F i g . 1.1 The sequence o f p o r c i n e s e c r e t i n 
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The c o r r e c t n e s s o f t h i s sequence was p r o v e d i n 1967 a f t e r t h e s y n t h e s i s of a 
p e p t i d e w i t h t h e p r o p o s e d sequence by Bodanszky e t a l . ( 4 ) . They o b t a i n e d a 
p r o d u c t t h a t was i d e n t i c a l w i t h n a t u r a l p o r c i n e s e c r e t i n . The p e p t i d e has 

s i n c e been s y n t h e s i z e d s e v e r a l t i m e s . I n T a b l e 1.1 t h e s u c c e s s f u l s y n t h e s e s 

a r e summarized. 

T a b l e 1.1 S y n t h e s e s o f p o r c i n e s e c r e t i n 3 

Y e a r S t r a t e g y R e f e r e n c e 

B odanszky e t a l . 1967 s e q u e n t i a l s y n t h e s i s ' 3 ' 0 4 

O n d e t t i e t a l . 1968 f r a g m e n t c o n d e n s a t i o n * 5 5 

Wünsch e t a l . 1972 f r a g m e n t c o n d e n s a t i o n ' 3 6 

Jäger e t a l . 1974 f r a g m e n t c o n d e n s a t i o n * 3 7 

Van Zon and Beyerman 1976 s e q u e n t i a l s y n t h e s i s ' 3 ' ^ 8 

Y a n a i h a r a e t a l . 1977 f r a g m e n t c o n d e n s a t i o n ' 5 9 

Hemmas! and B a y e r 1977 s e q u e n t i a l s y n t h e s i s e ' ^ 10 

a S e v e r a l a p p r o a c h e s d i d n ' t l e a d t o a s u c c e s s f u l s y n t h e s i s . 

b S y n t h e s i s i n s o l u t i o n . 
c C o u p l i n g v i a a c t i v e e s t e r s . 
d C o u p l i n g v i a mixed a n h y d r i d e s . 
e S o l i d phase p e p t i d e s y n t h e s i s . 
f C o u p l i n g v i a t h e DCCI-method. 

Mutt r e p o r t e d t h e i s o l a t i o n o f b o v i n e and c h i c k e n s e c r e t i n ( 7 9 ) . The i s o l a t i o n 
and c h a r a c t e r i z a t i o n of c h i c k e n s e c r e t i n has r e c e n t l y been d e s c r i b e d ( 1 0 7 ) . I t 
was f o u n d t o be a l i n e a r 2 7 - p e p t i d e amide, w i t h g r e a t sequence s i m i l a r i t i e s 
w i t h p o r c i n e s e c r e t i n (14 i d e n t i c a l amino a c i d r e s i d u e s i n c o r r e s p o n d i n g 
p o s i t i o n s ) . Mutt e t a l . i s o l a t e d a p e p t i d e f r o m e x t r a c t s o f p o r c i n e b r a i n t i s s u e 
t h a t had c h e m i c a l , p h a r m a c o l o g i c a l and c h r o m a t o g r a p h i c p r o p e r t i e s l i k e p o r c i n e 
s e c r e t i n ( 8 7 ) . The sequence of t h i s p e p t i d e has n o t been p u b l i s h e d as y e t . 

The c o n f o r m a t i o n o f p o r c i n e s e c r e t i n i n s o l u t i o n has been s t u d i e d by 
s e v e r a l g r o u p s . A f t e r CD-, 0RD-, and NMR-measurements on p o r c i n e s e c r e t i n , 
p a r t i a l sequences o f p o r c i n e s e c r e t i n , and a n a l o g u e s t h e r e o f , Bodanszky et a l . 
(12-14) and P a t e l e t a l . (15) c o n c l u d e d t h a t t h e p e p t i d e e x i s t e d i n a 
p r e f e r r e d c o n f o r m a t i o n i n aqueous s o l u t i o n . A t f i r s t , B o danszky e t a l . s t a t e d 
t h a t the N - t e r m i n a l p a r t o c c u r r e d as an c t - h e l i x , w h i l e t h e C - t e r m i n a l p a r t was 
n e c e s s a r y f o r t h e s t a b i l i z a t i o n o f t h i s c o n f o r m a t i o n . L a t e r , a l s o based upon 



5 

a n a l y s i s of the sequence w i t h t h e s e c o n d a r y s t r u c t u r e c o n f o r m a t i o n a l 
p a r a m e t e r s of Chou and Fasman, t h e y s t a t e d t h a t t h e C - t e r m i n a l p a r t o c c u r r e d 
as an o t - h e l i x , w h i l e a p a r t of t h e r e m a i n i n g sequence was n e c e s s a r y f o r t h e 
s t a b i l i z a t i o n o f the c o n f o r m a t i o n . E s p e c i a l l y t h e s i d e c h a i n s o f t h e G l u ^ - and 
A s p ^ - r e s i d u e s s h o u l d p l a y an i m p o r t a n t r o l e i n t h e s t a b i l i z a t i o n , p r o b a b l y 
v i a f o r m a t i o n of i o n p a i r s w i t h t h e s i d e c h a i n s o f A r g - r e s i d u e s , p r e s e n t i n 
p o r c i n e s e c r e t i n i n f o u r p o s i t i o n s . The N - t e r m l n a l t e t r a p e p t i d e d i d n o t 
i n f l u e n c e t h e c o n f o r m a t i o n . The c o n f o r m a t i o n was changed by c h a n g i n g t h e 
t e m p e r a t u r e . J a e g e r e t a l . (16) f o u n d t h a t t h e c o n f o r m a t i o n o f p o r c i n e s e c r e t i n 
i n s o l u t i o n changed g r a d u a l l y on c h a n g i n g t he pH fro m pH 6.8 t o pH 2.0. 
A c c o r d i n g t o CD-measurements l o w e r i n g of the pH c a u s e d a d e c r e a s e i n t h e 
o r d e n i n g o f the p e p t i d e . These r e s u l t s s u p p o r t B o d a n s z k y ' s h y p o t h e s i s t h a t i o n 
p a i r s s t a b i l i z e t he c o n f o r m a t i o n o f s e c r e t i n . Y a n a i h a r a e t a l . (17) f o u n d no 
s i g n i f i c a n t dependence o f the C D - s p e c t r a of p o r c i n e s e c r e t i n on t h e pH i n t h e 
range between pH 5.3 and 8.0. The t h r e e - d i m e n s i o n a l p o l y p e p t i d e f o l d i n g o f 
s e c r e t i n i n aqueous s o l u t i o n has a l s o been s t u d i e d ( 1 8 ) , u s i n g a c o m b i n a t i o n 
of d a r k f i e l d e l e c t r o n m i c r o g r a p h s , t he p a r a m e t e r s o f Chou and Fasman, and a 
h i e r a r c h y o f i n t e r a c t i o n t y p e s c o m p r i s i n g t h e t e r t i a r y s t r u c t u r e . The p r o p o s e d 
s t r u c t u r e c o n t a i n s f o u r B - t u r n s a t t e t r a p e p t i d e s 1-4, 10-13, 13-16, and 16-19, 
B - s h e e t f r o m r e s i d u e s 4-10, and o t - h e l i x f r o m 19-27. T h i s model i s c o n s i s t e n t 
w i t h t he d a t a o b t a i n e d by t h e o t h e r w o r k e r s m e n t i o n e d . 

P o r c i n e s e c r e t i n has not been c r y s t a l l i z e d u n t i l now. P r o b a b l y , t h e i n s t a ­
b i l i t y o f t h e p e p t i d e i n s o l u t i o n a l r e a d y m e n t i o n e d , has p l a y e d an i m p o r t a n t 
r o l e . The c o n f o r m a t i o n o f s e c r e t i n i n c r y s t a l l i n e f o r m i s t h e r e f o r e unknown. 

1.2 THE BIOLOGICAL ROLE OF SECRETIN 

Much has been done and i s b e i n g done t o e l u c i d a t e t he b i o l o g i c a l r o l e of 
s e c r e t i n . The hormone p l a y s , t o p r e s e n t knowledge, an i m p o r t a n t r o l e o n l y i n 
th e g a s t r o i n t e s t i n a l t r a c t o f many a n i m a l s p e c i e s and man. T o g e t h e r w i t h many 
o t h e r compounds i t i s i m p o r t a n t i n t h e d i g e s t i o n o f f o o d , a v e r y c o m p l i c a t e d 
p r o c e s s . I t i s d i f f i c u l t , i f p o s s i b l e a t a l l , t o e l u c i d a t e t h e e x a c t r o l e o f 
s e c r e t i n . The most i m p o r t a n t f u n c t i o n w ould a p p e a r t o be t h e s t i m u l a t i o n o f t h e 
p a n c r e a s t o s e c r e t e a w e a k l y b a s i c , e n z y m e s - c o n t a i n i n g j u i c e . T a b l e 1.2 
summarizes a number o f f u n c t i o n s t h a t a r e i n f l u e n c e d by s e c r e t i n . The most 
i m p o r t a n t s t i m u l a n t f o r t h e r e l e a s e o f s e c r e t i n i n t o t h e b l o o d s t r e a m i s the 
a c i d i f i c a t i o n o f t h e uppe r p a r t of the g u t . An e x t e n s i v e r e v i e w o f t h e 
i n v e s t i g a t i o n s i n t h i s f i e l d i s beyond t h e scope o f t h i s t h e s i s . Here o n l y 
some books o r a r t i c l e s c o n c e r n i n g t he s u b j e c t a r e r e f e r r e d t o (19 - 2 4 , 7 9 ) . 
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T a b l e 1.2 B i o l o g i c a l a c t i v i t i e s t h a t c a n be i n f l u e n c e d by s e c r e t i n (23) 

1. P a r o t i d 

S t i m u l a t i o n o f f l u i d and e l e c t r o l y t e 

2. G a s t r o e s o p h a g e a l s p h i n c t e r 
R e l a x a t i o n by c o m p e t i t i v e i n h i b i t i o n of g a s t r i n 

3. Stomach 
a. I n h i b i t i o n o f p a r i e t a l c e l l s e c r e t i o n 
b. R e l a x a t i o n of m u s c u l a r a c t i v i t y 
c. A n t i t r o p h l c 

4. Duodenum 
a. S t i m u l a t i o n of mucous s e c r e t i o n by B r u n n e r g l a n d s 
b. R e l a x a t i o n o f t h e s p h i n c t e r of Oddi 
c. R e l a x a t i o n of m u s c u l a r a c t i v i t y 

5. P a n c r e a s 
a. S t i m u l a t i o n of f l u i d and e l e c t r o l y t e 
b. S y n e r g i s t i c f a c i l i t a t i o n of enzyme r e s p o n s e t o p a n c r e o z y m i n 

( c h o l e c y s t o k i n i n ) 
c. R e l e a s e o f i n s u l i n 

d. I n c r e a s e i n b l o o d f l o w 

6. L i v e r and g a l l b l a d d e r 
a . A l t e r a t i o n o f h e p a t i c f l u i d and e l e c t r o l y t e s e c r e t i o n 
b. S t i m u l a t i o n o f w a t e r and b i c a r b o n a t e by l i v e r d u c t s 
c. R e l a x a t i o n o f t h e g a l l b l a d d e r 

d. I n c r e a s e i n p e r m e a b i l i t y of g a l l b l a d d e r mucosa 

7. S m a l l and l a r g e i n t e s t i n e s 
a . I n c r e a s e i n m u c o s a l t r a n s p o r t o f f l u i d and e l e c t r o l y t e 
b. I n c r e a s e i n s e c r e t i o n of f l u i d and e l e c t r o l y t e by i n t e s t i n a l g l a n d s 

c . D e c r e a s e i n motor a c t i v i t y 
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1.3 NATURAL PEPTIDES, RELATED TO SECRETIN 

A c o n s i d e r a b l e number of p e p t i d e s have been i s o l a t e d f r o m many a n i m a l s and 
man. E l u c i d a t i o n of the p r i m a r y s t r u c t u r e s showed t h a t a number of p e p t i d e s , 
i s o l a t e d f r o m t h e same s p e c i e s , p o s s e s s g r e a t s i m i l a r i t i e s i n t h e i r sequences 
( 2 1 , 24, 2 5 ) . 

F i g . 1.2 shows t h e sequences o f f o u r p e p t i d e s t h a t have been i s o l a t e d f r o m 
hogs: the v a s o a c t i v e i n t e s t i n a l p e p t i d e ( V I P ) , s e c r e t i n , p a n c r e a t i c g l u c a g o n , 
and the g a s t r i c I n h i b i t o r y p e p t i d e ( G I P ) . R e c e n t l y , a new member was added t o 
t h i s f a m i l y ( 2 6 ) . The sequence of t h i s 2 7 - p e p t i d e , named PHI by t h e 
d i s c o v e r e r s ( P e p t i d e w i t h N - t e r m i n a l a H i s - r e s i d u e (_H) and C - t e r m i n a l a H e -
r e s i d u e ( I ) ) , has not been f u l l y e l u c i d a t e d as y e t . 

P o r c i n e s e c r e t i n and c h i c k e n s e c r e t i n have 14 i d e n t i c a l amino a c i d 
r e s i d u e s i n c o r r e s p o n d i n g p o s i t i o n s . The p r o p o s e d sequence o f c h i c k e n s e c r e t i n 
i s a l s o shown i n F i g . 1.2. 

1.4 SYNTHETIC PEPTIDES, RELATED TO PORCINE SECRETIN* 

S e c r e t i n , p a r t i a l sequences of s e c r e t i n , a n a l o g u e s o f t h e s e , and e l o n g a t e d 
sequences o f s e c r e t i n have been s y n t h e s i z e d by s e v e r a l g r o u p s . The s y n t h e t i c 
p e p t i d e s c a n be c l a s s i f i e d i n t o g r o u p s , based upon t h e r e a s o n i n g b e h i n d t h e 
s y n t h e s i s : 

1. Some p e p t i d e s were s y n t h e s i z e d w i t h the i n t e n t i o n o f o b t a i n i n g a 
b i o l o g i c a l l y p o t e n t p r o d u c t t h a t shows an p r o t r a c t e d a c t i v i t y compared w i t h 
s e c r e t i n . T h i s m i g h t be o f p r a c t i c a l i m p o r t a n c e f o r t h e a p p l i c a t i o n o f 
s e c r e t i n as a t h e r a p e u t i c o r d i a g n o s t i c a g e n t . 

2. I n o r d e r t o f i n d t h e c a u s e ( s ) o f t h e i n a c t i v a t i o n o f s e c r e t i n a l r e a d y 
m e n t i o n e d , s e v e r a l p e p t i d e s were s y n t h e s i z e d i n o r d e r t o i n v e s t i g a t e r e l a t e d 
p h y s i c a l , c h e m i c a l , and p h a r m a c o l o g i c a l phenomena. 

3. Some p e p t i d e s were d e s i r e d f o r s t u d i e s on s t r u c t u r e - a c t i v i t y 
r e l a t i o n s h i p s i n g a s t r o i n t e s t i n a l hormones. 

4. Some p e p t i d e s were s y n t h e s i z e d i n o r d e r t o e v a l u a t e a r a d i o i m m u n o a s s a y 
( R I A ) f o r s e c r e t i n . 

The name " s e c r e t i n " w i l l be used h e n c e f o r t h , u n l e s s o t h e r w i s e s t a t e d , when 
p o r c i n e s e c r e t i n i s meant. O f t e n s e c r e t i n w i l l be a b b r e v i a t e d as S. P a r t i a l 
s e q uences w i l l be named S(n-m), i n w h i c h n and m i n d i c a t e t h e p l a c e o c c u p i e d 
i n s e c r e t i n by c o r r e s p o n d i n g a m i n o - a c i d r e s i d u e s , i f H i s o c c u p i e s p o s i t i o n 1 
and V a l p o s i t i o n 27 ( s e e F i g . 1.1). 
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H H H H H H 

1 His 1 His 1 His — 1 His 1 His 1 Tyr 

Ala Ser Ser — Ser Ser Ala 

Asp Asp Asp — Asp Gin Glu 

Gty Ala Gly Gly Gly — Gly 

Val — Val Thr Leu Thr Thr 

Phe Phe Phe — Phe Phe Phe 

Thr — Thr Thr Thr Thr He 

* Asp Ser Ser Ser Ser 

• Asn Glu Glu Asp — Asp 

e Tyr Leu Tyr Tyr — — Tyr 

• Thr Ser Ser — Ser — Ser 

• Arg Arg Lys Lys He 

• Leu — Leu Met Tyr Ala 

• Arg Arg — Arg Leu Met 

• Lys Asp Gly Asp — Asp 

* Gin Ser Asn Ser Lys 

« Met Ala Ala Arg Ile 

• Ala Arg Gin Arg Arg 31 Gly 

• Val Leu Val Ala Gin Lys 

• Lys Gin — Gin — Gin Gin Lys 

* Lys Arg Lys Asp Asp Ser 

* Tyr Leu Phe — Phe — Phe Asp 

• Leu Leu He Val — Val Trp 

• Asn Gin — Gin Gin Asn Lys 

• Ser Gly Asn Trp — Trp His 

Leu He Leu — Leu — Leu — Leu Asn 

27 lie Leu 27 Val 27 Met — Met Leu He 

N H 2 28 Asn N H 2 NH 2 Asn Ala Thr 

NH 2 29 Thr Gin 42 Gin 

OH 30 Lys OH 

porcine porcine porcine chicken porcine porcine 

PHI VIP Secretin Secretin Glucagon GIP 

F i g . 1.2 The sequences o f p o r c i n e V I P , p o r c i n e and c h i c k e n s e c r e t i n , p o r c i n e 
g l u c a g o n , and p o r c i n e G I P . The h o r i z o n t a l b a r s i n d i c a t e t h a t t h e 
same amino a c i d r e s i d u e s a r e p r e s e n t i n t h a t p o s i t i o n i n n e i g h b o r i n g 
p e p t i d e s . The known amino a c i d r e s i d u e s i n p o r c i n e PHI a r e a l s o 
shown ( s e e c h a p t e r 1 . 3 ) . 
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Of c o u r s e , t h i s c l a s s i f i c a t i o n has no s h a r p b o u n d a r i e s . Some p r o d u c t s m i g h t be 
s y n t h e s i z e d f o r s e v e r a l of t h e r e a s o n s m e n t i o n e d o r m i g h t be u s e d f o r v a r i o u s 
p u r p o s e s . 

A number of p e p t i d e s have been s y n t h e s i z e d by d i f f e r e n t g r o u p s . The 
p h a r m a c o l o g i c a l p r o p e r t i e s , a l w a y s compared w i t h p u r e s e c r e t i n , were sometimes 
h a r d t o compare. M e t h o d o l o g i c a l d i f f e r e n c e s i n t h e b i o a s s a y s u s e d c o u l d be 
r e s p o n s i b l e f o r t h i s , as w e l l as d i f f e r e n t q u a l i t i e s of t h e p r o d u c t s . 

I n T a b l e 1.3 a s u r v e y i s g i v e n o f s y n t h e t i c p e p t i d e s , t h a t a r e r e l a t e d t o 
s e c r e t i n . T h i s f i e l d has r e c e n t l y been r e v i e w e d by K b n i g e t a l . ( 2 7 ) . 
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T a b l e 1.3 S y n t h e t i c p e p t i d e s , r e l a t e d t o s e c r e t i n 

P e p t i d e B i o l o g i c a l p o t e n c y 3 R e f e r e n c e s 

S ( 2 - 2 7 ) 
v a r i o u s f r a g m e n t s 

0 r n 1 2 , H » l 8 . 2 1 , _ s 

A l a 2 ] - S 
D-Ser^]-S 
8-Asp 3 j-S 
A s p a r t o y l 3 ] - S 
A s n 3 ] - S 
G l n 3 ] - S 
G l u 3 ] - S 
A l a 4 ] - S 
D - A l a 4 ] - S 
P y r ( 3 ) A l a 1 ] - S 
A l a 4 , V a l 5 ] - S 
D - A l a 4 , V a l 5 ] - S 
A l a 5 ] - S 

T y r 1 , A l a z , G l u ' : > ] - S 
P h e ^ . T r p ^ . L y s ^ J - S 
D—Trp ]-S 
T ^ 3 8 ] - S 1 0 G l n J , T y r i u ] - S 
Glu 3,Tyrj°l-S 
A l a 4 , T y r i u ] - S 
D-Phe 6]-S 
CHA 6]-S 
A l a n ] - S 
d e s a m i n o H i s ]-S 

N -X-S 
X: v a r i o u s compounds 

N - G l y - G l n - S 
N a - G l y - L y s - S 
N a - G l y - G l y - G l y - S 
[ 8 - X ] - S 

X: H i s 1 , S e r 2 , P h e 6 , A r g 1 2 > 1 4 » l i 

[ T y r M - S 
[ T y r b ] - S 
N - T y r - S ox N -desaminoTyr-S 
N a - ( d e s a m i n o T y r - 6 - A l a ) - S 
[ X s p ^ ] - S ( 5 - 2 7 ) 
[ G l n y l - S ( 5 - 2 7 ) 
[ A s n l 5 ] - S f 5 - 2 7 ) 
[ G l n y , A s n i ; > ] - S ( 5 - 2 7 ) 
[ L y s ^ ] - S ( 5 - 2 7 ) 
[ L y s 2 1 ] - S ( 5 - 2 7 ) 
[ A s p 9 , L y s 2 1 ] - S ( 5 - 2 7 ) 

low p o t e n c y , 1 
low p o t e n c y b,e p o t e n t 
50 f c 

low p o t e n c y , 1 
2 b 
l b , 7 d 

p o t e n t b ' f , 0 . 1 b 

2 b , 3 3 - 5 0 d 

2 b , 1 0 0 d 

8 b . 3 7 b , 1 0 0 d 

8 8 b 

potent b» f,10 b 

l l b 

3 5 b 

6 5 b , 1 0 0 d 

potent b» f 

potent b» f 

^ b p o t e n t 
p o t e n t b 

p o t e n t b 

p o t e n t b 

l g b , l o w p o t e n c y b 

8 0 b 

2 5 b 

p o t e n t ^ 

8 b 
3 h 1 9 b 
p o t e n t ^ 

11 
' i n v a r i o u s c o m b i n a t i o n s 

4 b 

l b , p o t e n t b ' d 

2 6 b , 8 b 

4 5 

potent c>^»^ c d f p o t e n t t-» a » L 

p o t e n t c > ^ ' ^ 
c A f potent c» a> 1 

12,28 
27,29-34,39,92 
35 
27 
27 
12.37 
16 
38,39 
16.38 
38.39 
33,38,39 
17,38,39 
17 
16,33,84 
27 
27 
27,39 
16 
16 
17 
40 
40 
40 
40 
17,27 
27 
27 
27 
41 

36 
36 
36 
42 

9 
9,44 
9,27 
9 
43 
14 
29 
29 
29 
29 
106 
106 

a O n l y r e s u l t s of i n v i v o e x p e r i m e n t s have been g i v e n . The p o t e n c y of t h e 
p e p t i d e t o s t i m u l a t e t he e x o c r i n e p a n c r e a t i c s e c r e t i o n was d e t e r m i n e d . T h i s 
p o t e n c y was compared w i t h t h a t of s e c r e t i n . The b i o l o g i c a l p o t e n c y of s e c r e t i n 
was assumed 100. b E x p e r i m e n t s w i t h d o g s , c E x p e r i m e n t s w i t h G u i n e a p i g s . 
d E x p e r i m e n t s w i t h r a t s , e E x p e r i m e n t s w i t h c a t s , f Non p a r a l l e l d o s e - r e s p o n s e 
c u r v e s o f p e p t i d e and s e c r e t i n , g P r o t r a c t e d a c t i v i t y i n c o m p a r i s o n w i t h 
s e c r e t i n . 
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2.1 INTRODUCTION 

S e c r e t i n has been s y n t h e s i z e d by Van Zon and Beyerman ( 8 , 45) v i a t h e a l l - R E M A 
method, as shown i n F i g . 2.1a. C a t a l y t i c h y d r o g e n o l y s i s was u s e d t o remove a l l 
t h e p r o t e c t i n g g roups i n one o p e r a t i o n and p u r i f i c a t i o n was e f f e c t e d by 
i o n - e x c h a n g e c h r o m a t o g r a p h y . R E M A - s y n t h e t i c s e c r e t i n p r o v e d t o be h i g h l y 
p o t e n t i n dog, c a t , and r a t b l o a s s a y s f o r e x o c r i n e p a n c r e a t i c s e c r e t i o n . 

I n t h e s y n t h e s i s t h e f o l l o w i n g problems were met: 
1. S e v e r a l b y - p r o d u c t s were formed, a c c o r d i n g t o t h e amino a c i d c o m p o s i t i o n o f 
i n t e r m e d i a t e s , a f t e r a c i d i c h y d r o l y s i s . P r o b a b l y t h e s e b y - p r o d u c t s a r e 
" t e r m i n a t e d s e q u e n c e s " , as a r e s u l t o f c o u p l i n g o f t h e s i d e - c h a i n p r o t e c t e d 
p e p t i d e s w i t h the u n d e s i r e d s i d e o f the mixed a n h y d r i d e , t h e s i d e o f t h e 
a u x i l i a r y a c i d ( F i g . 2 . 2 ) . These p r o d u c t s c o u l d be removed d u r i n g t h e 
p u r i f i c a t i o n o f s e c r e t i n . 

0 H R 2 0 0 
II I I II II 

R - C - N - C H - C - O H + R j - O - C - C l 

F i g . 2.2 The f o r m a t i o n o f the p e p t i d e bond ( ) and t h e c o u p l i n g w i t h t h e 

0 H R 2 0 

a u x i l i a r y a c i d ( ) . 

2. S e c r e t i n c o n t a i n s t h e sequence -Asp - G l y -. I f s e c r e t i n i s s y n t h e s i z e d as 
shown i n F i g . 2.1, t h e sequence - A s p ( O B z l ) - G l y - o c c u r s i n t h e p r o t e c t e d 25-, 
26-, and 2 7 - p e p t i d e . T h i s sequence has a g r e a t t e n d e n c y t o f o r m r a p i d l y t h e 
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D e p r o t e c t i o n 

H 2 Pd/C d 

TFA 

Amino a c i d Y i e l d 
d e r i v a t i v e ( % ) c 

D e p r o t e c t i o n 

H B r / a c e t i c a c i d 

TFA 

H B r / a c e t i c a c i d 

Amino a c i d 
d e r i v a t i v e 

Y i e l d 
( % ) c 

z H i s Z 94 HF Boc H i s Tos 89 
Boc S e r B z l 96 Boc Ser B z l 96 
Boc Asp B z l 97 Boc Asp B z l 96 
Boc G l y 95 Boc G l y 93 
Boc Thr B z l 97 Boc Thr B z l 94 
Boc Phe 95 Boc Phe 91 
Boc Thr B z l 100 Boc Thr B z l 100 
Boc Ser B z l 97 Boc Ser B z l 100 
Boc G l u B z l 100 Boc G l u B z l 98 
Boc Leu 99 Boc Leu 98 
Boc Ser B z l 96 Boc Ser B z l 98 
Boc A r g N 0 2 

97 Boc A r g N 0 2 98 
Boc Leu 93 TFA Boc Leu 95 
Boc A r g N 0 2 

99 Boc A r g N 0 2 99 
Boc Asp B z l 85 Boc Asp B z l 99 
Boc Ser B z l 89 Boc Ser B z l 84 

Z A l a 93 Boc A l a 96 
Z A r g N 0 2 94 Boc A r g N 0 2 84 
z L e u 87 Boc Leu 95 
z G i n 98 Boc G i n 83 
z A r g NO 2 93 Boc A r g N 0 2 95 
z Leu 91 Boc Leu 94 
z L e u 89 Boc Leu 5 8 e 

z G i n 98 Boc G i n 92 
Boc G l y 97 Boc G l y 98 

Z Leu 96 Z Leu 99 
z V a l 

NH 2 

90 

2 2 f 

H B r / a c e t i c a c i d Z V a l 
NH 2 

95 

1 3 f 

F i g . 2.1 The s y n t h e s e s of s e c r e t i n by t h e REMA method 

a S y n t h e s i s a c c o r d i n g t o Van Zon and Beyerman ( 8 , 4 5 ) . 
b M o d i f i e d s y n t h e s i s . 
c C a l c u l a t e d on p r e c e d i n g p r o t e c t e d p e p t i d e . 
d R e a c t i o n t i m e : 40 h; s o l v e n t : 80% aqueous a c e t i c a c i d . 
e D u r i n g the c o u p l i n g o f Boc-Leu t o the u n p r o t e c t e d t e t r a p e p t i d e p r o b a b l y 

< G l u - G l y - L e u - V a l - N H 2 had been f o r m e d . T h i s was removed d u r i n g w o r k i n g up. I f 
t h i s s t e p i s i g n o r e d , t h e y i e l d o f c r u d e p r o t e c t e d s e c r e t i n i s 23%. I n an 
i n d e p e n d e n t s y n t h e s i s of p r o t e c t e d S ( 2 2 - 2 7 ) - N H 2 t h e c o u p l i n g s of B o c - G l n and 
Boc-Leu were p e r f o r m e d w i t h y i e l d s o f 97%. 

f O v e r a l l y i e l d , c a l c u l a t e d on t h e a s s u m p t i o n t h a t a l l p r o d u c t s were p u r e , 
b ased on Z - V a l . 
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sequence - a s p a r t o y l - G l y - , b o t h under a c i d i c and b a s i c c o n d i t i o n s (45-50) . 
Such a sequence can f a l l a p a r t i n t o a m i x t u r e of - B - A s p - G l y - and 
- a - A s p - G l y - ( F i g . 2 . 3 ) . S e v e r a l i n v e s t i g a t o r s who us e d o t h e r c o u p l i n g methods 
t h a n t h e REMA method, were n o t a b l e t o o b t a i n s e c r e t i n o r a n a l o g u e s t h e r e o f , 
b ecause of d i f f i c u l t i e s i n t h e l a s t s t a g e of the s y n t h e s i s . 

o 
x C - 0 R 

H ÇH 2 

- N - C H 0 
S C - N - C H - C -

II i 2 
0 H 

9 H 

H C H A 
- N - C H \ 0 

S C - N - C H - C -
Ô H 

H ? H 2 \ 
• N - C H I 

N - C H . 

O H 0 
^ C - N - C H - C -

H Ç H ? 

- N - C H 
X C - 0 H 

Ô 

3-Asp-pept ide 

0 
^ C - OH 

H C H 2 

- N - C H H 0 
N C - N - C H f C -
6 

a -Asp-pept ide 

F i g . 2.3 The A s p ( a + 8 ) - G l y - r e a r r a n g e m e n t i n p e p t i d e s . 

Van Zon f o u n d , i n e x p e r i m e n t s w i t h model p e p t i d e s ( 4 5 ) , t h a t i t was p o s s i b l e 
t o p r e v e n t t h e f o r m a t i o n of [ a s p a r t o y l ] - p e p t i d e s when t h e REMA method was 
u s e d . I t was n o t p o s s i b l e , however, t o f o l l o w t h i s r e a c t i o n d i r e c t l y d u r i n g 
t h e s y n t h e s i s of s e c r e t i n . Only a f t e r d e p r o t e c t i o n of t h e p r o t e c t e d p e p t i d e 
c o u l d t he p o s s i b l e f o r m a t i o n o f [ a s p a r t o y l ] - p e p t i d e d u r i n g t h e s y n t h e s i s be 
d e t e r m i n e d , by amino a c i d a n a l y s i s a f t e r e n z y m i c h y d r o l y s i s by l e u c i n e amino-
p e p t i d a s e (LAP) . 

3. The r e m o v a l o f t h e p r o t e c t i n g g r o u p s by c a t a l y t i c h y d r o g e n o l y s i s sometimes 
gave r i s e t o s e r i o u s p r o b l e m s . I n o r d e r t o be s u r e t h a t a l l p r o t e c t i n g g r o u p s 
had been removed, t h e p e p t i d e m a t e r i a l had t o be exposed t o t h e c o n d i t i o n s 
u s e d f o r a r a t h e r l o n g t i m e (24-48 h) . O c c a s i o n a l l y , t he P h e ^ - r e s i d u e was 
fo u n d t o be h y d r o g e n a t e d , and a c y c l o h e x y l a l a n i n e ( C H A ) - r e s l d u e had been 
formed (up t o 50% CHA). T h i s phenomenon was not r e p r o d u c i b l e . The [CHA^]-
p e p t i d e c o u l d not be s e p a r a t e d f r o m t h e [ P h e ^ ] - p e p t i d e . 
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A n o t h e r s i d e r e a c t i o n d u r i n g t h e f i n a l h y d r o g e n o l y s i s was the f o r m a t i o n of a 
c o n s i d e r a b l e amount of o r n i t h i n e ( O r n ) - r e s i d u e s from A r g C N C ^ - r e s i d u e s . The 
b y - p r o d u c t s t h u s formed c o u l d be s e p a r a t e d f r o m the d e s i r e d p e p t i d e i n t h e 
f i n a l p u r i f i c a t i o n . 

Van Zon m o n i t o r e d t h e s y n t h e s i s o f s e c r e t i n by t h i n - l a y e r c h r o m a t o g r a p h y (TLC) 
and amino a c i d a n a l y s i s a f t e r a c i d i c h y d r o l y s i s . F u r t h e r m o r e , i n h i s s y n t h e s i s 
t h e p r o t e c t i n g g roups were c h o s e n i n p a r t so as t o a l l o w c o m p a r i s o n of t h e 
p h y s i c a l c o n s t a n t s of t h e i n t e r m e d i a t e p r o d u c t s w i t h t h o s e r e p o r t e d i n t h e 
l i t e r a t u r e . F o r s equences l o n g e r t h a n about 10 amino a c i d r e s i d u e s o n l y t h e 
amino a c i d a n a l y s i s g i v e s v a l u a b l e i n f o r m a t i o n . I t was t h e r e f o r e d e s i r a b l e t o 
use a b e t t e r a n a l y t i c a l t e c h n i q u e f o r m o n i t o r i n g t h e s y n t h e s i s . T h i s became 
p o s s i b l e a f t e r t h e development of h i g h - p e r f o r m a n c e l i q u i d c h r o m a t o g r a p h y 
(HPLC) s y s t e m s . 

B e s i d e s by h y d r o g e n o l y s i s , p r o t e c t e d s e c r e t i n can a l s o be d e p r o t e c t e d by 
a c i d o l y s i s , e.g. i n l i q u i d h y d r o g e n f l u o r i d e ( H F ) . Hemmasi and B a y e r used 
H F / a n i s o l e f o r t h e d e p r o t e c t i o n o f p r o t e c t e d s e c r e t i n . A f t e r p u r i f i c a t i o n by 
i o n - e x c h a n g e c h r o m a t o g r a p h y , t h e y o b t a i n e d b i o l o g i c a l l y f u l l y p o t e n t s e c r e t i n 
( 1 0 ) . G u i d u c c i d e p r o t e c t e d p r o t e c t e d s e c r e t i n i n a s i m i l a r way ( 5 1 ) . These 
i n v e s t i g a t o r s d i d not m e n t i o n s i d e r e a c t i o n s . W r i g h t s t u d i e d the b e h a v i o u r o f 
p r o t e c t e d s e c r e t i n sequences i n HF ( 3 0 ) . He f o u n d t h a t a f u l l y a c t i v e m o l e c u l e 
was o b t a i n e d a f t e r a s h o r t r e a c t i o n t i m e (30 m i n ) , w h i l e s e v e r a l b y - p r o d u c t s 
had been formed a f t e r l o n g e r p e r i o d s . I n a l l o f t h e examples m e n t i o n e d h e r e 
s e c r e t i n was s y n t h e s i z e d on a s o l i d s u p p o r t . 

S e v e r a l s i d e r e a c t i o n s a r e known t o o c c u r as a r e s u l t o f the t r e a t m e n t of 
p e p t i d e s w i t h HF. The most c o n s p l c i o u s r e a c t i o n i s t h e f o r m a t i o n of 
[ a s p a r t o y l ] - p e p t i d e s f r o m p r o t e c t e d sequences w i t h A s p - r e s i d u e s ( F i g . 2 . 3 ) . 
E s p e c i a l l y t h e sequence - A s p ( 0 B z l ) - G l y - can undergo t h i s r e a c t i o n . Yang and 
M e r r i f i e l d (47) f o u n d t h a t a p e p t i d e w i t h t h i s sequence c o u l d g i v e up t o 99% 
of [ a s p a r t o y l ] - p e p t i d e . The o c c u r r e n c e o f t h i s r e a c t i o n g r e a t l y depends on t h e 
n e i g h b o r i n g r e s i d u e s i n t h e p e p t i d e s e q u e n c e . A l s o t h e sequence 
- A s p ( O B z l ) - S e r ( B z l ) - , p r e s e n t i n p r o t e c t e d s e c r e t i n i n Van Zon's a p p r o a c h , c a n 
g i v e a c o n s i d e r a b l e amount o f a [ a s p a r t o y l ] - p e p t i d e . We i n v e s t i g a t e d w h e t h e r 
the d e p r o t e c t i o n o f p r o t e c t e d s e c r e t i n by HF i s a s u i t a b l e a l t e r n a t i v e f o r t h e 
h y d r o g e n o l y s i s . 



15 

The f i n a l p u r i f i c a t i o n of s e c r e t i n has been p e r f o r m e d i n t h r e e ways: 
1. C o u n t e r c u r r e n t d i s t r i b u t i o n , i n t h e s y s t e m 1 - b u t a n o l / f o s f a t e b u f f e r , pH 7.0 
(1:1) ( 4 , 5 ) . 2. Ion-exchange c h r o m a t o g r a p h y w i t h d i l u t e N H i H C O j - b u f f e r s ( 6 - 1 0 ) . 
3. G e l f i l t r a t i o n on Sephadex LH-20 w i t h d i l u t e h y d r o c h l o r i c a c i d ( 5 3 ) . Some 
o t h e r methods of p u r i f i c a t i o n c a u s e d a c o n s i d e r a b l e l o s s of b i o l o g i c a l p o t e n c y 
( 4 , 5 3 ) . HPLC l o o k e d a p r o m i s i n g method f o r t h e f i n a l p u r i f i c a t i o n o f 
s e c r e t i n . S e v e r a l o t h e r p e p t i d e s had a l r e a d y been s u c c e s s f u l l y p u r i f i e d by 
HPLC ( 5 4 , 5 5 ) . We s t u d i e d t h e p o s s i b i l i t y of p u r i f y i n g s e c r e t i n by HPLC. 

B e f o r e t h e s y n t h e s i s o f a p e p t i d e c a n be c o n s i d e r e d as s u c c e s s f u l , i t i s 
n e c e s s a r y t o have o b s e r v e d a s a t i s f a c t o r y b i o l o g i c a l and i m m u n o l o g i c a l 
p o t e n c y , i n a d d i t i o n t o c h r o m a t o g r a p h i c homogeneity i n v a r i o u s systems and a 
c o r r e c t amino a c i d c o m p o s i t i o n a f t e r a c i d i c and e n z y m i c h y d r o l y s i s . 

The d e t e r m i n a t i o n of the b i o l o g i c a l p o t e n c y o f s e c r e t i n was o f t e n 
t r o u b l e s o m e . T h i s was m a i n l y c a u s e d by t h e r a p i d l o s s o f t h e b i o l o g i c a l 
p o t e n c y o f s e c r e t i n i n d i l u t e aqueous s o l u t i o n s . T h i s phenomenon w i l l be 
d i s c u s s e d e x t e n s i v e l y i n c h a p t e r 3. I n most c a s e s t h e p o t e n c y o f t h e unknown 
samples t o s t i m u l a t e t h e e x o c r i n e p a n c r e a t i c a c t i v i t y i n a n i m a l s i s compared 
w i t h the p o t e n c y o f a known sample, w h i c h had been compared w i t h pure n a t u r a l 
s e c r e t i n . S e v e r a l a n i m a l s p e c i e s , e.g. f e r r e t s , G u i n e a p i g s , dogs, c a t s , and 
r a t s , a r e used i n t h e b i o a s s a y s . B e s i d e s the s t i m u l a t i o n o f t h e p a n c r e a t i c 
s e c r e t i o n o t h e r b i o l o g i c a l a c t i v i t i e s ( T a b l e 1.2) o f s e c r e t i n c a n a l s o be used 
i n b i o a s s a y s . 

I t i s p o s s i b l e t o d e t e r m i n e t h e i m m u n o l o g i c a l p o t e n c y of s e c r e t i n . A t 
f i r s t t h e s y n t h e s i s of r a d i o a c t i v e l y l a b e l e d s e c r e t i n , w h i c h i s u s e d i n t h e 
r a d i o i m m u n o a s s a y ( R I A ) , gave p r o b l e m s . T h i s was c a u s e d by t h e f a c t t h a t 
s e c r e t i n c o n t a i n s no T y r - r e s i d u e , i n w h i c h a ^• 2-'l-atom c a n e a s i l y be 
i n c o r p o r a t e d . I n s e c r e t i n t h e H i s - r e s i d u e has t o be i o d i n a t e d . S e v e r a l 
i n v e s t i g a t o r s have s o l v e d t h i s p r o b l e m and have d e v e l o p e d a RIA ( s e e f o r a 
r e c e n t r e v i e w r e f . 5 7 ) . The i m m u n o l o g i c a l p o t e n c y o f t h e unknown sample i s 
compared w i t h t h a t of pure s e c r e t i n . 
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2.2 EXPERIMENTS AND RESULTS 

Some m i n o r t a c t i c a l changes were i n t r o d u c e d i n t h e a l l - R E M A s y n t h e s i s of 
s e c r e t i n , compared w i t h t h e o r i g i n a l s y n t h e s i s of Van Zon and Beyerman ( 8 , 
4 5 ) , as shown i n F i g . 2.1. A l s o some new t e c h n i q u e s f o r a n a l y s i s and 
p u r i f i c a t i o n of p r o d u c t s were d e v e l o p e d . The p o i n t s m e n t i o n e d w i l l be 
d i s c u s s e d c o n s e c u t i v e l y i n d e t a i l : 

2.2.1 SYNTHESIS OF PROTECTED SECRETIN ( 1 ) 

P r o t e c t e d s e c r e t i n was s y n t h e s i z e d as shown i n F i g . 2.1b. The f o l l o w i n g 
changes were made i n the c h o i c e of p r o t e c t i n g g r o u p s , compared w i t h t h e 
s y n t h e s i s of Van Zon and Beyerman ( 8 , 4 5 ) : 

1. S t a r t i n g w i t h L e u - V a l - N ^ , t h e p r o t e c t e d 2 7 - p e p t i d e was a s s e m b l e d by u s i n g 
amino a c i d d e r i v a t i v e s w i t h the t - b u t y l o x y c a r b o n y l ( B o c ) group as 
N - p r o t e c t i o n e x c l u s i v e l y , i n o r d e r t o s i m p l i f y t h e p r o c e d u r e , a 
2. The N - t e r m l n a l H i s was c o u p l e d as B o c - H i s ( T o s ) , because o f t h e b e t t e r 
s t a b i l i t y and a c c e s s i b i l i t y as compared w i t h the Z - H i s ( Z ) used f i r s t . Beyerman 
e t a l . had found t h a t b o t h d e r i v a t i v e s c o u l d be c o u p l e d as mixed a n h y d r i d e s 
w i t h o u t c o m p l i c a t i o n s ( 5 6 ) . 

The s y n t h e s i s of 1 was u n e v e n t f u l . The y i e l d s t h a t were o b t a i n e d were 

g e n e r a l l y h i g h ( F i g . 2 . 1 ) . The amino a c i d c o m p o s i t i o n o f t h i s p r o d u c t i s g i v e n 

i n T a b l e 2.1. 

2.2.2 HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) IN THE SYNTHESIS OF 
PROTECTED SECRETIN 

The s y n t h e s i s of p r o t e c t e d s e c r e t i n was m o n i t o r e d by r e v e r s e - p h a s e HPLC ( 9 4 ) . 
M e t h a n o l / w a t e r m i x t u r e s were used as t h e e l u e n t s and o c t a d e c y l s i l y l - s i l i c a was 
u s e d as t h e s t a t i o n a r y p h a s e . P e p t i d e s c o n t a i n i n g t h e sequence - A s p ( O B z l ) - G l y -
were chromatographed w i t h e l u e n t s t o w h i c h 1% of a c e t i c a c i d had been added, 
because of t h e g r e a t t e n d e n c y of s u c h p e p t i d e s t o undergo an A s p 3 ( a + 6 ) -

r e a r r a n g e m e n t i n m e t h a n o l / w a t e r m i x t u r e s . T h i s r e a c t i o n d i d n o t o c c u r when 
a c e t i c a c i d had been added, w h i c h d i d not a p p r e c i a b l y change t h e 
c h r o m a t o g r a p h i c b e h a v i o u r . F i g . 2.4 shows the chromatograms o f p r o t e c t e d 
s e c r e t i n and o f r e a r r a n g e d p r o t e c t e d s e c r e t i n . I n p a r t i c u l a r t h e p o s s i b i l i t y 
t o m o n i t o r t h i s A s p 3 ( a + B ) - r e a r r a n g e m e n t was an improvement i n t h e s y n t h e s i s o f 
s e c r e t i n . T h i s made i t p o s s i b l e t o s y n t h e s i z e [ a s p a r t o y l 3 ] - s e c r e t i n , as w i l l 
be d e s c r i b e d i n c h a p t e r 5. 
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0 5 10 15 20 25 30 0 5 10 15 20 25 30 
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F i g . 2.4 Chromatograms o f p r o t e c t e d s e c r e t i n and p r o t e c t e d [ a s p a r t o y l ] -

s e c r e t i n . 

P r o t e c t e d s e c r e t i n (_1_) was d i s s o l v e d i n DMF (1 mg/ml; A ) . NMM was added 
(10 p l / m l , pH = 9 ) . T h i s s o l u t i o n was s t o r e d f o r 30 m i n a t ambient t e m p e r a t u r e 
and a n a l y s e d ( B ) . Column: P o l y g o s i l C18, 10 |m (30 x 0.4 cm I . D . ) ; 
e l u e n t : m e t h a n o l / w a t e r / a c e t i c a c i d 93:7:1; U V - d e t e c t i o n a t 260 nm. 

O 5 10 15 20 , 0 5 10 15 20 » 
tr(min) tr(min) 

F i g . 2.5 Chromatograms o f s e c r e t i n . 
I , I I : c r u d e u n p r o t e c t e d s e c r e t i n ( 2 ) . 
I l l , I V : p u r i f i e d s e c r e t i n ( 3 ) . 
Column: P o l y g o s i l C18, 10 pm (30 x 0.4 cm I . D . ) ; e l u e n t : m e t h a n o l / w a t e r / T F A 
64:36:0.1 ( I , I I I ) , m e t h a n o l / w a t e r 82:18 w i t h 0.005 M p e r f l u o r o o c t a n o i c a c i d 
( I I , I V ) ; U V - d e t e c t i o n a t 205 nm ( I , I I I ) o r 215 nm ( I I , I V ) . 
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2.2.3 DEPROTECTION OF PROTECTED SECRETIN BY ACIDOLYSIS WITH LIQUID HYDROGEN 
FLUORIDE 

P r e l i m i n a r y e x p e r i m e n t s showed t h a t s e c r e t i n , o b t a i n e d a f t e r d e p r o t e c t i o n o f 
c r u d e p r o t e c t e d s e c r e t i n , s y n t h e s i z e d as shown i n F i g . 2.1a, had ab o u t t h e 
same b i o l o g i c a l p o t e n c y a f t e r d e p r o t e c t i o n e i t h e r by c a t a l y t i c h y d r o g e n o l y s i s 
o r by a c i d o l y s i s w i t h H F / a n i s o l e . Amino a c i d a n a l y s i s , a f t e r e n z y m i c 
h y d r o l y s i s w i t h LAP, showed t h a t no [ a s p a r t o y l ] - s e c r e t i n had been formed 
a f t e r d e p r o t e c t i o n by e i t h e r method. 

P r o t e c t e d s e c r e t i n (J_) was t r e a t e d w i t h l i q u i d HF t o w h i c h 10% a n i s o l e had 

been added as an c a t i o n s c a v e n g e r . The c r u d e s e c r e t i n ( 2 ) t h u s o b t a i n e d 

p o s s e s s e d the same amino a c i d c o m p o s i t i o n a f t e r b o t h a c i d i c and e n z y m i c 
o 

h y d r o l y s i s ( T a b l e 2 . 1 ) . C o n s e q u e n t l y , no [ a s p a r t o y l ] - s e c r e t i n had been 
f o r m e d . T h i s was c o n f i r m e d by HPLC a n a l y s i s , as d e s c r i b e d i n 2.2.4. The 
f o r m a t i o n o f o r n i t h i n e - r e s i d u e s had a l s o been r e d u c e d , compared w i t h t h e 
f o r m a t i o n d u r i n g t h e d e p r o t e c t i o n by c a t a l y t i c h y d r o g e n o l y s i s . 

2.2.4 ANALYSIS OF SECRETIN BY HPLC 

I t p r o v e d t o be p o s s i b l e t o a n a l y s e n o t o n l y p r o t e c t e d p e p t i d e s , b ut a l s o 
u n p r o t e c t e d p e p t i d e s by r e v e r s e - p h a s e HPLC. Chromatography w i t h m e t h a n o l / w a t e r 
m i x t u r e s , t o w h i c h p e r f l u o r o a l k a n o i c a c i d s had been added ( l y p o p h i l i c i o n -
i n t e r a c t i o n c h r o m a t o g r a p h y ) gave e x c e l l e n t r e s u l t s on o c t a d e c y l s l l y l - s i l i c a as 
th e s t a t i o n a r y phase ( 9 5 - 9 7 ) . T a b l e 2.2 shows t h e k ' - v a l u e s of s e c r e t i n i n t h e 
systems t h a t were r o u t i n e l y used f o r a n a l y s i s . 

The p r o d u c t s o f an Asp (a-*-8)-rearrangment i n s e c r e t i n , [ B - A s p ] - s e c r e t i n 
and [ a s p a r t o y l ] - s e c r e t i n c o u l d be s e p a r a t e d i n one o f t h e s e s y s tems ( 9 6 ) . T h i s 
w i l l be d i s c u s s e d i n c h a p t e r 5. 

Chromatograms of 2_ a r e shown i n F i g . 2.5. 

2.2.5 PURIFICATION OF SECRETIN 

Crude s e c r e t i n ( 2 ) was p u r i f i e d by i o n - e x c h a n g e c h r o m a t o g r a p h y on SP-Sephadex 
C-25, as d e s c r i b e d by Van Zon ( 4 5 ) . The chromatogram o b t a i n e d i s shown i n 
F i g . 2.6. F r a c t i o n _3_ was a n a l y s e d and a p p e a r e d t o be o f good q u a l i t y , a c c o r d i n g 
t o TLC (> 95%, s y s t e m B ) , HPLC ( F i g . 2 . 5 ) , and amino a c i d a n a l y s i s a f t e r 

A c c o r d i n g t o a s s a y s w i t h t h e a n a e s t h e t i z e d f e r r e t ( e x o c r i n e p a n c r e a t i c 
r e s p o n s e ) , p e r f o r m e d by P r o f e s s o r T. S c r a t c h e r d , S h e f f i e l d , E n g l a n d . 
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F i g . 2.6 The p u r i f i c a t i o n o f s e c r e t i n by i o n - e x c h a n g e c h r o m a t o g r a p h y . 
Column: SP-Sephadex C-25 (50 x 0.9 cm I . D . ) ; e l u e n t : N H 4 H C 0 3 - b u f f e r s ; 
U V - d e t e c t i o n a t 206 nm; f l o w r a t e : 15 m l / h . Crude s e c r e t i n (100 mg), d i s s o l v e d 
i n 5 ml of w a t e r was p u r i f i e d a t ambient t e m p e r a t u r e . The h a t c h e d a r e a 
c o r r e s p o n d s t o t h e main f r a c t i o n ( 3 ) , t h e a n a l y s e s o f w h i c h have been g i v e n i n 
the t e x t . 

L i 
10 15 20 25 10 15 20 25 10 15 20 25 

tr(min) ymln) tr(min) 

F i g . 2.7 The p u r i f i c a t i o n o f s e c r e t i n by HPLC. 
I : c r u d e s e c r e t i n ( 4 ) . 
I I : chromatogram of t h e p u r i f i c a t i o n o f _4_. 
I l l : p u r i f i e d s e c r e t i n (J5). 

Column: P o l y g o s i l C18, 10 im (30 x 0.4 cm I.D.) ( I , I I I ) , L i C h r o s o r b RP-18, 
10 um (30 x 0.4 cm I.D.) ( I I ) ; e l u e n t : m e t h a n o l / w a t e r / T F A 64:36:0.1 ( I , I I I ) , 
m e t h a n o l / w a t e r / T F A 67:33:0.5 ( I I ) ; U V - d e t e c t i o n a t 205 nm ( I , I I I ) o r 230 nm 
( I I ) . 
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T a b l e 2.1 Amino a c i d a n a l y s e s o f s e c r e t i n 

2 ? 2 s 2.a ^ 2 a i f Z a Theory 
b b c b c b b b b 

Asp 1.69 1.67 1.66 2.03 1.94 1.83 1.98 1.79 1.93 2 

T h r 1.15 1.49 1.88 1.48 1.77 1.54 1.76 2 
S e r 1.66 3.14 3.49 2.90 3.32 2.99 3.32 4 
G l u 2.92 3.00 1.03 3.00 1.03 2.92 3.02 2.99 3.04 3 ( l d ) 
G l y 1.82 1.79 1.82 1.97 1.94 1.74 1.84 1.83 1.97 2 

A l a 1.12 1.08 1.13 1.04 1.00 1.07 1.12 1.09 1.10 1 
V a l 1.00 0.94 1.08 0.99 1.00 1.03 1.01 1.05 1.00 1 
Leu 6.05 6.11 5.81 6.05 6.05 6.00 6.20 5.87 5.98 6 
Phe 0.81 0.81 0.78 0.98 0.99 0.82 0.88 0.86 0.98 1 
H i s 0.79 0.94 1.03 0.96 0.93 1.72 0.82 0.73 0.89 1 

Arg+Orn 3.91 3.87 3.93 3.99 4.05 3.97 3.95 4.00 4.00 4 

a See t e x t . 
b A c i d i c h y d r o l y s i s (6 M HC1, 24 h, 110 ° C ) . G i n was d e t e r m i n e d as G l u . 
c Enz ymic h y d r o l y s i s ( LAP, 24 h, 37 ° C ) . T h r , S e r , and G i n c o u l d n o t be 

d e t e r m i n e d . 

d G l u = 1; G i n = 2. 

T a b l e 2.2 C h r o m a t o g r a p h i c d a t a o f s e c r e t i n 3 

I o n - i n t e r a c t i o n r e a g e n t E l u e n t k' b 

m e t h a n o l / w a t e r 

0.1% TFA 64:36 3.6 
0.005 M p e r f l u o r o o c t a n o i c a c i d 82: 18 3.2 

a Column: P o l y g o s i l C18, 10 im (30 X 0.4 cm I . D . ) ; t e m p e r a t u r e : 30 °C. 
b k ' = < V p e p t i d e - V w a t e r ) / V w a t e r . 
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a c i d i c and e n z y m i c h y d r o l y s i s (LAP) ( T a b l e 2 . 1 ) . T h i s p r o d u c t was h i g h l y 
p o t e n t i n a b i o a s s a y w i t h the r a t ( T a b l e 2 . 3 ) . The o t h e r f r a c t i o n s o b t a i n e d 
d u r i n g t h e p u r i f i c a t i o n were o f somewhat l e s s q u a l i t y (TLC, HPLC, amino a c i d 
a n a l y s i s ) . One o f t h e s e f r a c t i o n s had a v e r y s i m i l a r i m m u n o l o g i c a l b e h a v i o u r 
as n a t u r a l s e c r e t i n ( F i g . 2 . 8 ) . 

Crude s e c r e t i n ( 4 ) , o b t a i n e d a f t e r H F / a n i s o l e t r e a t m e n t of p r o t e c t e d 
s e c r e t i n , s y n t h e s i z e d as shown i n F i g . 2.1a, was p u r i f i e d by HPLC on m g - s c a l e 
( F i g . 2 . 7 ) . The p u r i f i e d s e c r e t i n ( 5 ) was p r a c t i c a l l y p ure a c c o r d i n g t o TLC 
( s y s t e m A, B) and HPLC ( F i g . 2 . 7 ) . The amino a c i d c o m p o s i t i o n o f 4_ and 5_, 

a f t e r a c i d i c h y d r o l y s i s , i s g i v e n i n T a b l e 2.1. The b i o l o g i c a l p o t e n c y o f _5, 
d e t e r m i n e d w i t h the a n a e s t h e t i z e d f e r r e t , i s shown i n T a b l e 2.3. A s e c r e t i n 
s ample, o b t a i n e d a f t e r i o n - e x c h a n g e c h r o m a t o g r a p h y of c r u d e s e c r e t i n , was 
p u r i f i e d a n a l o g o u s l y , w h i c h a l s o y i e l d e d a p r o d u c t (7) w i t h a h i g h b i o l o g i c a l 
p o t e n c y ( T a b l e 2 . 3 ) . The amino a c i d c o m p o s i t i o n of t h e p r o d u c t b e f o r e (6_) and 
a f t e r ( 7 ) t h e HPLC p u r i f i c a t i o n i s g i v e n i n T a b l e 2.1. 

T a b l e 2.3 R e l a t i v e b i o l o g i c a l p o t e n c y o f s e c r e t i n 

S e c r e t i n B i o l o g i c a l p o t e n c y (%) a> A n i m a l n c ra' 

2 98 ± 8 
5_ 112 ± 10 
7 95 ± 8 

r a t 6 1 
f e r r e t 1 5 
f e r r e t 1 5 

a See t e x t ( c h a p t e r 2.2.6 and 2 . 3 . 8 ) . The b i o l o g i c a l p o t e n c y o f pure s e c r e t i n 
was assumed t o be 100%. 
A f t e r c o r r e c t i o n f o r p e p t i d e c o n t e n t , 

c Number o f a n i m a l s u s e d i n an a s s a y . 

d Number o f a s s a y s p e r dose i n one a n i m a l . O n l y one dose was a d m i n i s t e r e d . 

2.2.6 DETERMINATION OF THE BIOLOGICAL POTENCY OF SECRETIN 

S e c r e t i n was a s s a y e d i n d e p e n d e n t l y by two g r o u p s : 
1. P r o f e s s o r T. S c r a t c h e r d e t a l . , Department of P h y s i o l o g y , U n i v e r s i t y o f 
S h e f f i e l d , S h e f f i e l d , E n g l a n d d e t e r m i n e d the b i o l o g i c a l p o t e n c y w i t h t h e 
a n a e s t h e t i z e d f e r r e t . 
2. P r o f e s s o r M.I. Grossman e t a l . , V e t e r a n s A d m i n i s t r a t i o n , C e n t e r f o r U l c e r 
R e s e a r c h and E d u c a t i o n (CURE), Los A n g e l e s , CA, USA, d e t e r m i n e d t h e b i o l o g i c a l 
p o t e n c y w i t h t h e a n a e s t h e t i z e d r a t . 
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B o t h g r o u p s d e t e r m i n e d the p o t e n c y o f t h e s e c r e t i n sample t o s t i m u l a t e 
e x o c r i n e p a n c r e a t i c s e c r e t i o n . P o t e n c y of t h e unknown sample was a l w a y s 
compared w i t h t h a t of a known sample. The two groups worked d i f f e r e n t l y : 
1. S c r a t c h e r d and H u t s o n g e n e r a l l y used one a n i m a l ; o c c a s i o n a l l y two f e r r e t s 
were u s e d . I n t h i s a n i m a l a q u a n t i t y of t h e unknown sample and a known sample 
were i n j e c t e d a l t e r n a t e l y . A f t e r e a c h i n j e c t i o n t h e p a n c r e a t i c s e c r e t i o n was 
c o l l e c t e d f o r 10 m i n u t e s and we i g h e d . E q u i v a l e n c e between unknown and s t a n d a r d 
was e s t a b l i s h e d when i n t r a v e n o u s i n j e c t i o n o f b o t h gave i d e n t i c a l o r n e a r l y 
i d e n t i c a l r e s p o n s e s . 

2. Grossman and Solomon used a l a r g e r number of a n i m a l s ( g e n e r a l l y 6 r a t s ) . I n 
each a n i m a l the p a n c r e a t i c s e c r e t i o n was c o l l e c t e d and measured (15 m i n 
p e r i o d s ) a f t e r i n j e c t i o n o f t h e unknown sample and a known sample. 

2.2.7 DETERMINATION OF THE IMMUNOLOGICAL POTENCY OF SECRETIN 

The i m m u n o l o g i c a l p o t e n c y of s e c r e t i n was d e t e r m i n e d by P r o f e s s o r W.Y. Chey 
and Dr. T.M. Chang, The Genesee H o s p i t a l , The I s a a c Gordon C e n t e r f o r 
D i g e s t i v e D i s e a s e s and N u t r i t i o n , R o c h e s t e r , NY, USA. The p o t e n c y o f t h e 
s e c r e t i n sample t o d i s p l a c e r a d i o a c t i v e l y l a b e l e d s e c r e t i n , [ l ^ I - H i s ^ ] -
s e c r e t i n , f r o m s e c r e t i n a n t i b o d y , o b t a i n e d f r o m r a b b i t s , was d e t e r m i n e d ( 5 7 ) . 
The p o t e n c y o f the unknown sample was compared w i t h t h a t o f pure n a t u r a l 
s e c r e t i n . F i g . 2.8 shows a d i s p l a c e m e n t c u r v e o f a f r a c t i o n o b t a i n e d a f t e r 
i o n - e x c h a n g e chromatography o f 2_. 

re lat ive 

° ° I -S b inding 

b | 9 n a t u r a l s e c r e t i n 
™o e s y n t h e t i c s e c r e t i n 

c ( p g / t u b e ) 

F i g . 2.8 The d i s p l a c e m e n t of [ ̂ ^ I - H i s 1 ] - s e c r e t i n f r o m s e c r e t i n a n t i b o d y by 
n a t u r a l and s y n t h e t i c s e c r e t i n 
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2.3 EXPERIMENTAL PART 

R e a g e n t s , s o l v e n t s , and amino a c i d d e r i v a t i v e s were p u r c h a s e d and us e d w i t h o u t 

f u r t h e r p u r i f i c a t i o n , u n l e s s o t h e r w i s e m e n t i o n e d . 

The a c i d o l y s i s w i t h HF was p e r f o r m e d i n an a p p a r a t u s t h a t was d e v e l o p e d 
p a r t l y i n t h i s l a b o r a t o r y . The HF was d i s t i l l e d o v e r C o F j b e f o r e u s e . 

F o r t h e a n a l y t i c a l and p r e p a r a t i v e HPLC a Waters Model 6000 A pump w i t h a 
Model U6K i n j e c t o r was used i n c o m b i n a t i o n w i t h a S c h o e f f e l S p e c t r o f l o w 
M o n i t o r SF 770 o r a Pye Unlearn LC 3 f o r v a r i a b l e w a v e l e n g t h d e t e c t i o n . 

2.3.1 SYNTHESIS OF PROTECTED SECRETIN BY THE REMA METHOD 

P r o t e c t e d s e c r e t i n (J_) was s y n t h e s i z e d as shown i n F i g . 2.1b. The s y n t h e s i s up 
t o t h e 2 5 - p e p t i d e was p e r f o r m e d w i t h 1.4 e q u i v a l e n t s of the mix e d a n h y d r i d e . 
The s y n t h e s i s of t h e 25-, 26-, and 2 7 - p e p t i d e was p e r f o r m e d w i t h 2 e q . o f t h e 
mixed a n h y d r i d e . 

A 1 . 4 - f o l d e x c e s s of the mix e d a n h y d r i d e was o b t a i n e d by a d d i n g 1.4 e q . o f 
i s o b u t y l c h l o r o f o r m a t e t o a s o l u t i o n of 1.5 e q . o f N - p r o t e c t e d amino a c i d 
d e r i v a t i v e and 1.5 eq. o f N - m e t h y l f o r m a l i n e (NMM) i n d i m e t h y l f o r m a m i d e (DMF) 
a t -15 °C. A f t e r 1-2 min , 1 e q . of t h e n e u t r a l i z e d ( by NMM) amino component, 
i n DMF, was added t o t h e a c t i v a t e d amino a c i d d e r i v a t i v e . The c o u p l i n g was 
p e r f o r m e d a t -15 °C. The pH of t h e r e a c t i o n m i x t u r e was m a i n t a i n e d a t pH 
7.5-8.0. The p r o g r e s s o f t h e r e a c t i o n was f o l l o w e d by a s p o t t e s t on s l l l c a g e l 
w i t h f l u o r e s c a m i n e . A f t e r d i s a p p e a r a n c e of 99.9% o f t h e amino component, w h i c h 
was g e n e r a l l y t h e c a s e w i t h i n a few m i n u t e s , t h e r e a c t i o n m i x t u r e was s t o r e d 
f o r 1 h. Then, about 4 e q . of 2 M KHCO3 were added and t h e s o l u t i o n was 
s t i r r e d f o r 15 min , w h i l e warming t o 0 °C. The p e p t i d e was i s o l a t e d by 
p r e c i p i t a t i o n w i t h w a t e r o r s a l i n e , f i l t r a t i o n , w a s h i n g , and d r y i n g i n v a c u o . 

The N - p r o t e c t i n g g r o u p s were removed by a c i d o l y s i s . The b e n z y l o x y c a r b o n y l 
( Z ) - g r o u p was removed by t r e a t m e n t of the p e p t i d e w i t h 2 M HBr i n a c e t i c a c i d 
f o r 90 min a t ambient t e m p e r a t u r e . The Boc-group was removed by t r e a t m e n t w i t h 
TFA o r TFA/CH 2C1 2 (1:1) d u r i n g 30 min a t ambient t e m p e r a t u r e . The N - p r o t e c t e d 
p e p t i d e s were i s o l a t e d by e v a p o r a t i o n o f the s o l v e n t under r e d u c e d p r e s s u r e , 
f o l l o w e d by t r i t u r a t i o n w i t h e t h e r , f i l t r a t i o n , w a s h i n g w i t h e t h e r , and d r y i n g 
i n v a c u o . 

The y i e l d s o f t h e c o u p l i n g s t e p s a r e shown i n F i g . 2.1b. The o v e r a l l y i e l d 
of t h e s y n t h e s i s , c a l c u l a t e d on t h e a s s u m p t i o n t h a t a l l p r o d u c t s were p u r e , 
was 13%, based on Z - V a l . 
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2.3.2 DEPROTECTION OF PROTECTED SECRETIN BY ACIDOLYSIS WITH HF/ANISOLE 

The e x p e r i m e n t s w i t h HF were p e r f o r m e d by Mr. P. K r a n e n b u r g . 
Crude p r o t e c t e d s e c r e t i n (_1_, 213 mg) was t r e a t e d f o r 1 h a t 0 °C w i t h 

a n h ydrous l i q u i d HF (- 10 ml) i n t h e p r e s e n c e o f a n i s o l e (- 1 m l ) . A f t e r 
r e m o v a l o f t h e HF and a n i s o l e i n v a cuo, t h e c r u d e r e a c t i o n p r o d u c t was 
d i s s o l v e d i n 5 ml of 0.1 M a c e t i c a c i d and t h e f l u o r i d e i o n s were exchanged by 
i o n - e x c h a n g e c h r o m a t o g r a p h y ( B i o R a d AG 2-X8 (10 x 2 cm I . D . ) ; a c e t a t e form) 
w i t h 0.1 M a c e t i c a c i d as t h e e l u e n t . The f r a c t i o n s c o n t a i n i n g s e c r e t i n were 
l y o p h i l i z e d . Y i e l d : 190 mg o f c r u d e s e c r e t i n . HPLC: see F i g . 2.5. Amino a c i d 
a n a l y s i s : see T a b l e 2.1. 

2.3.3 PURIFICATION OF SECRETIN BY ION-EXCHANGE CHROMATOGRAPHY 

Crude s e c r e t i n (2_, 100 mg) was p u r i f i e d on a column (50 x 0.9 cm I . D . ) , packed 
w i t h SP-Sephadex C-25. The p r o d u c t was d i s s o l v e d i n 5 ml o f w a t e r , put on t h e 
column, and e l u t e d as f o l l o w s : 1) 0.02 M NH AHC0 3, pH 6.1 (500 m l ) , 2) 0.05 M 
NH 4HC0 3, pH 6.5 (450 m l ) , and 3) 0.10 M NH 4HC0 3, pH 6.9 (500 m l ) . The f l o w 
r a t e was 15 ml/min. F r a c t i o n s were c o l l e c t e d e v e r y 30 m l n . U V - d e t e c t i o n was 
p e r f o r m e d a t 206 nm ( U v i c o r d I I I ) . A l l f r a c t i o n s were l y o p h i l i z e d , f o l l o w e d by 
l y o p h i l i z a t i o n f r o m 0.1 M a c e t i c a c i d . Y i e l d : 42 mg. HPLC o f t h e m a i n f r a c t i o n 
(_3_, 14 mg, p e p t i d e c o n t e n t : 6 8 % ) : see F i g . 2.5. TLC: one major s p o t : R f = 0.12 
( s y s t e m B ) . Amino a c i d a n a l y s i s : see T a b l e 2.1. 

2.3.4 PURIFICATION OF SECRETIN BY HPLC 

Crude s e c r e t i n ^4, 4.2 mg ( p e p t i d e c o n t e n t 7 4 % ) ) was d i s s o l v e d i n 0.22 ml o f 
t h e e l u e n t . Of t h i s s o l u t i o n 4 x 0.4 ml was c h r o m a t o g r a p h e d on a column 
(30 x 0.4 cm I . D . ) , packed w i t h L i C h r o s o r b RP-18, 10 jm, i n t h e e l u e n t 
m e t h a n o l / w a t e r / T F A 67:33:0.5 ( s e e 2.3.5) a t ambient t e m p e r a t u r e . The f l o w r a t e 
was 1 ml/min. The main f r a c t i o n s , a c c o r d i n g t o UV d e t e c t i o n a t 230 nm ( F i g . 
2 . 7 ) , were c o l l e c t e d and l y o p h i l i z e d a f t e r t h e a d d i t i o n o f 200 ml o f w a t e r . 
A f t e r l y o p h i l i z a t i o n f r o m 0.1 M a c e t i c a c i d , t h e y i e l d was 1.7 mg o f s e c r e t i n 
_5_ ( p e p t i d e c o n t e n t : 57%; y i e l d : 4 3 % ) . HPLC: see F i g . 2.7. TLC: one m a j o r s p o t 
( s y s t e m A, B ) . Amino a c i d a n a l y s i s : see T a b l e 2.1. 

A n a l o g o u s l y , 3.7 mg o f s e c r e t i n ^6_, p e p t i d e c o n t e n t : 88%) was p u r i f i e d . 

Y i e l d : 1.6 mg of 1_ ( p e p t i d e c o n t e n t : 62%; y i e l d : 3 0 % ) . 
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2.3.5 ANALYSIS OF PEPTIDES BY HPLC 

The e l u e n t s were mixed on a volume-to-volume b a s i s and were d e g a s s e d by 
c a r e f u l f i l t r a t i o n under r e d u c e d p r e s s u r e , a f t e r w h i c h t h e i o n - i n t e r a c t i o n 
r e a g e n t was added. 

The p r o t e c t e d p e p t i d e s were d i s s o l v e d i n t h e e l u e n t , o r i n DMF o r a c e t i c 
a c i d , a f t e r w h i c h an e q u i v a l e n t volume of t h e e l u e n t was added. U n d e r i v a t i z e d 
p e p t i d e s were d i s s o l v e d i n t h e e l u e n t o r i n w a t e r . The c o n c e n t r a t i o n o f t h e 
s o l u t i o n s was 0.1-10 mg/ml, of w h i c h 1-10 u l was i n j e c t e d . 

The HPLC a n a l y s i s were p e r f o r m e d on a column (30 x 0.4 cm I . D . ) , p a c k e d 
w i t h P o l y g o s i l C18, 10 urn. The column and t h e i n j e c t o r were m a i n t a i n e d a t 
30 °C. 

2.3.6 ANALYSIS OF PEPTIDES BY THIN-LAYER CHROMATOGRAPHY (TLC) 

TLC was p e r f o r m e d on s i l i c a g e l p l a t e s (Merck s i l i c a g e l 60 F-254) i n t h e 
f o l l o w i n g e l u e n t s : A: B u t a n o l / p y r i d i n e / a c e t i c a c i d / w a t e r 30:20:6:24; B: 
B u t a n o l / p y r i d i n e / a c e t i c a c i d / w a t e r 60:20:6:24. The s p o t s , a f t e r c h r o m a t o g r a p h y 
o f about 10 ug o f p r o d u c t , were made v i s i b l e by t h e R e i n d e l - H o p p e t e s t a f t e r 
c h l o r i n a t i o n . 

2.3.7 ANALYSIS OF PEPTIDES AFTER ACIDIC AND ENZYMIC HYDROLYSIS 

Amino a c i d a n a l y s e s were p e r f o r m e d by Mr. A. v a n E s t r i k . 

A c i d i c h y d r o l y s i s was p e r f o r m e d i n 6 M HC1 f o r 24 h a t 110 °C. The p e p t i d e 
c o n t e n t was d e t e r m i n e d by q u a n t i t a t i v e amino a c i d a n a l y s i s , w i t h n o r l e u c i n e 
( N l e ) as an added i n t e r n a l s t a n d a r d . 

The e n z y m i c h y d r o l y s i s w i t h l e u c i n e a m i n o p e p t i d a s e (LAP, Sigma, S t . L o u i s , 
MD, USA) was p e r f o r m e d as f o l l o w s : To 100 nmol o f s e c r e t i n , d i s s o l v e d i n 
250 i l l o f 0.1 M ' T r i s - b u f f e r ' (pH 7.8), 0.05 mg o f LAP (13.2 u/mg) and 
5 u l of t o l u e n e were added. The s o l u t i o n was s h a k e n a t 37 °C f o r 24 h. A f t e r 
l y o p h i l i z a t i o n t h e m i x t u r e was a n a l y s e d . 
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2.3.8 DETERMINATION OF BIOLOGICAL POTENCY 

The b i o l o g i c a l p o t e n c y of s e c r e t i n was d e t e r m i n e d u s i n g r a t s o r f e r r e t s . 

Male Sprague-Dawley r a t s , 200-350 g body w e i g h t , were f a s t e d f o r 16 h. The 
r a t s were l i g h t l y e t h e r i z e d and i n j e c t e d i.m. w i t h 0.25 ml/100 g body w e i g h t 
o f a 25% s o l u t i o n o f u r e t h a n e i n w a t e r . 

A p o l y e t h y l e n e (PE 50) c a t h e t e r was i n s e r t e d i n t o t h e j u g u l a r v e i n and 
a t t a c h e d t o a s y r i n g e . The p y l o r u s was l l g a t e d . The b i l e - p a n c r e a t i c d u c t was 
l i g a t e d p r o x i m a l l y n e a r the l i v e r . A PE 50 c a t h e t e r was i n s e r t e d d i s t a l l y i n t o 
t h e d u c t ( o u t s i d e t h e duodenum), and c o n n e c t e d t o an 0.1 o r 0.2 ml g l a s s 
p i p e t . 

F o r b i o a s s a y s t h e e x o c r i n e p a n c r e a t i c s e c r e t i o n was d e t e r m i n e d a t 15 min 
i n t e r v a l s . A f t e r two b a s a l c o l l e c t i o n s , doses were a d m i n i s t e r e d a t 30 t o 45 
min i n t e r v a l s . U s u a l l y t h e f o l l o w i n g o r d e r o f a d m i n i s t r a t i o n was p e r f o r m e d : 
1 ng/kg S q u i b b s e c r e t i n , low unknown, 10 ng/kg S q u i b b s e c r e t i n , m i d d l e 
unknown, 100 ng/kg S q u i b b s e c r e t i n , h i g h unknown. 

The s t a n d a r d s o l u t i o n ( s y n t h e t i c s e c r e t i n c o n t a i n i n g C y s . H C l (0.5 mg/mg 
p e p t i d e ) , S q u i b b , New B r u n s w i c k , NJ, USA) was p r e p a r e d as f o l l o w s : 1.8 mg o f 
s e c r e t i n was d i s s o l v e d i n 18 ml o f w a t e r , c o n t a i n i n g C y s . H C l (1 mg/ml) and 
b o v i n e serum a l b u m i n (10 mg/ml). P o r t i o n s of 0.5 ml were l y o p h i l i z e d . F o r 
a s s a y , d i l u t i o n o f 50, 5, and 0.5 ng/ml ( i n 0.154 M N a C l , c o n t a i n i n g BSA (10 
mg/ml)) were made f o r doses o f 1, 10, and 100 ng/kg. The " S q u i b b s e c r e t i n " had 
been compared w i t h pure n a t u r a l s e c r e t i n (GIH, K a r o l i n s k a I n s t i t u t e , 
S t o c k h o l m , Sweden) . 

The unknown s e c r e t i n sample was d i s s o l v e d i n 0.154 M N a C l ( c o n t a i n i n g 
10 mg/ml B S A ) . F o r a s s a y d i l u t i o n s were u s u a l l y made of 50 ng/ml, 5 ng/ml, 
and 0.5 ng/ml. 

The doses were i n j e c t e d and t h e c a t h e t e r was t h e n f l u s h e d w i t h 0.2-0.3 ml 
of s a l i n e ( w i t h B S A ) . 

The b i o a s s a y s w i t h t he f e r r e t were p e r f o r m e d as d e s c r i b e d f o r t h e c a t ( 5 8 ) . 
The unknown s e c r e t i n was d i s s o l v e d i n 0.9% N a C l , c o n t a i n i n g BSA (10 mg/ml). I t 
was compared w i t h t he p o t e n c y of c r u d e n a t u r a l s e c r e t i n , t h e s o - c a l l e d " B o o t s 
s e c r e t i n " , p r e p a r e d by P r o f e s s o r T. S c r a t c h e r d , a c c o r d i n g t o t h e method o f 
C r i c k e t a l . ( 6 9 ) . T h i s " B o o t s s e c r e t i n " had been compared w i t h pure n a t u r a l 
s e c r e t i n (GIH, S t o c k h o l m , Sweden). 
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2.3.9 DETERMINATION OF IMMUNOLOGICAL POTENCY 

The i m m u n o l o g i c a l p o t e n c y of s e c r e t i n was d e t e r m i n e d as d e s c r i b e d i n r e f . 5 7 . 

2.4 CONCLUSIONS AND DISCUSSION 

The s y n t h e s i s o f p r o t e c t e d s e c r e t i n v i a t h e a l l - R E M A method a g a i n p r o c e e d e d 
s a t i s f a c t o r i l y . C e r t a i n t a c t i c a l changes w o u l d seem t o be i m p r o v e m e n t s . The 
use o f t h e Boc group as N ^ - p r o t e c t l o n and of the T o s y l group as N£ m-protection 
s i m p l i f i e d t he s y n t h e s i s . S t a r t i n g w i t h t he t r i p e p t i d e B o c - G l y - L e u - V a l - N H 2 , 
t h e s y n t h e s i s of t h e p r o t e c t e d 2 7 - p e p t l d e , as t o i t s p e r f o r m a n c e , c o n s i s t s o f 
24 i d e n t i c a l r e a c t i o n s t a g e s . T h i s s i m p l i f i e s m e c h a n i z a t i o n , i f u s e d . 

D u r i n g t h e s y n t h e s i s r e v e r s e - p h a s e HPLC was used f o r t h e a n a l y s i s o f 
i n t e r m e d i a t e s . T h i s p r o v e d t o be an e x c e l l e n t method f o r t h e a n a l y s i s o f 
p r o t e c t e d p e p t i d e s . The p o s s i b i l i t y t o m o n i t o r t h e Asp ( a+S)-rearrangement i n 
p r o t e c t e d s e c r e t i n s e q u e n c e s , e s p e c i a l l y , i s an i m p o r t a n t improvement. T h i s 
r e a r r a n g e m e n t i s p r o b a b l y t h e cause of d i f f i c u l t i e s r e p o r t e d d u r i n g s y n t h e s e s 
of s e c r e t i n v i a o t h e r c o u p l i n g methods. I t p r o v e d t o be p o s s i b l e t o s y n t h e s i z e 
p r o t e c t e d s e c r e t i n by t h e REMA method, w i t h o u t t h e o c c u r r e n c e o f t h e 
A s p 3 ( a + 3 ) - r e a r r a n g e m e n t . The p o s s i b i l i t y t o use r e v e r s e - p h a s e HPLC i n t h e 
p u r i f i c a t i o n ' o f p r o t e c t e d p e p t i d e s w i l l be shown i n c h a p t e r 5. 

The d e p r o t e c t i o n of p r o t e c t e d s e c r e t i n by l i q u i d H F / a n i s o l e i s a s u i t a b l e 
a l t e r n a t i v e f o r the h y d r o g e n o l y s i s used p r e v i o u s l y . Thus t h e use of t h e N^ m~ 
T o s - p r o t e c t i o n becomes p o s s i b l e w i t h o u t t h e n e c e s s i t y o f a d d i t i o n a l r e a c t i o n 
s t a g e s . The H F - a c i d o l y s i s i n v o l v e s no o r h a r d l y any f o r m a t i o n o f [ a s p a r t o y l ] -
p e p t i d e . T h i s change i n method o l o g y e n l a r g e s t h e p o s s i b i l i t i e s of s y n t h e s i z i n g 
a n a l o g u e s of s e c r e t i n , e.g. f o r i n v e s t i g a t i n g t h e s t r u c t u r e - a c t i v i t y 
r e l a t i o n s h i p s . 

R e v e r s e - p h a s e HPLC a p p e a r e d t o be v e r y u s e f u l f o r t h e a n a l y s i s o f 
u n d e r l v a t i z e d p r o d u c t s i n t h e s y n t h e s i s of s e c r e t i n . The A s p J ( o t + 8 ) -
r e a r r a n g e m e n t c o u l d be f o l l o w e d i n a s i m p l e s y s t e m i n s e c r e t i n . T h i s 
r e a r r a n g e m e n t was g e n e r a l l y t h o u g h t t o be r e s p o n s i b l e f o r t h e pr o b l e m s t h a t 
were met d u r i n g t h e s y n t h e s i s of s e c r e t i n o r d u r i n g b i o l o g i c a l e x p e r i m e n t s 
w i t h t h e hormone. 

The p u r i f i c a t i o n o f s e c r e t i n by r e v e r s e - p h a s e HPLC, w i t h 
m e t h a n o l / w a t e r / T F A as t h e e l u e n t gave p r o d u c t s w i t h h i g h b i o l o g i c a l p o t e n c y . 
Amino a c i d a n a l y s i s , however, showed t h a t t h e p r o d u c t o b t a i n e d was n o t p u r e . 
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The p u r i f i c a t i o n l o o k s u s e f u l as an e x t r a , f i n a l p u r i f i c a t i o n s t e p , a f t e r 
p u r i f i c a t i o n by i o n - e x c h a n g e c h r o m a t o g r a p h y . T h i s was p e r f o r m e d i n t h e 
s y n t h e s i s o f some a n a l o g u e s o f s e c r e t i n , as w i l l be d e s c r i b e d i n t h e 
c h a p t e r s 5-7. 



3. ON THE INSTABILITY OF SECRETIN 

29 

3.1. INTRODUCTION 

S e c r e t i n has r e p e a t e d l y been s a i d t o be u n s t a b l e . On s t o r a g e , e s p e c i a l l y i n 
s o l u t i o n , i t s b i o l o g i c a l p o t e n c y d e c r e a s e d . 

D u r i n g t h e p u r i f i c a t i o n o f t h e f i r s t s y n t h e t i c s e c r e t i n , i n 1966, 
B o danszky e t a l . were s e r i o u s l y h i n d e r e d by the i n s t a b i l i t y of t h e p e p t i d e 
( 4 ) . D u r i n g t h e p u r i f i c a t i o n by c o u n t e r c u r r e n t d i s t r i b u t i o n i n t h e s y s t e m 
1 - b u t a n o l / p y r i d i n e / a c e t i c a c i d / w a t e r a c o n s i d e r a b l e d e c r e a s e of the b i o l o g i c a l 
p o t e n c y was o b s e r v e d . P u r i f i c a t i o n i n t h e s y s t e m l - b u t a n o l / 0 . 1 M f o s f a t e 
b u f f e r , pH 7.0 y i e l d e d a p r o d u c t w i t h h i g h b i o l o g i c a l p o t e n c y . A f t e r a n a l y s i s 
o f a s e c r e t i n sample w i t h o n l y 25% o f the d e s i r e d p o t e n c y , o b t a i n e d i n t h e 
f i r s t s y s t e m m e n t i o n e d above, t h e y c o n c l u d e d t h a t an Asp ( a + B ) - r e a r r a n g e m e n t , 
but no Asp^Ca-»-B)-rearrangement had t a k e n p l a c e . They remarked t h a t t h e s e 
r e s u l t s m i g h t h e l p t o e x p l a i n t h e i n s t a b i l i t y of s e c r e t i n . 

Grossman r e p o r t e d , i n 1969, t h a t s e c r e t i n r a p i d l y l o s t p o t e n c y on s t o r a g e 
a t -20 °C i n r u b b e r capped v i a l s and was s t a b l e f o r a t l e a s t 1 y e a r when 
s t o r e d i n a l l g l a s s v i a l s w i t h c y s t e i n e h y d r o c h l o r i d e added ( 5 9 ) . 

S p i n g o l a & Grossman s t a t e d , i n 1973, t h a t s e c r e t i n was u n s t a b l e a t n e u t r a l 
pH a t room t e m p e r a t u r e . A l s o i n a c i d i c s o l u t i o n s , s e c r e t i n s o l u t i o n s s h o u l d 
n o t be s t o r e d l o n g e r t h a n s e v e r a l h o u r s a t 5 C ( 6 0 ) . 

Wunsch e t a l . s y n t h e s i z e d s e c r e t i n i n 1972. A f t e r p u r i f i c a t i o n by 
i o n - e x c h a n g e c h r o m a t o g r a p h y , w i t h p r a c t i c a l l y n e u t r a l d i l u t e NH4HCO3 b u f f e r s 
as the e l u e n t , f o l l o w e d by r e p e a t e d l y o p h i l i z a t i o n f r o m d i l u t e aqueous a c e t i c 
a c i d , a pure p r o d u c t w i t h h i g h b i o l o g i c a l p o t e n c y was o b t a i n e d ( 6 ) . I n some 
p a p e r s , p u b l i s h e d i n 1974 and 1979 ( 6 1 , 6 2 ) , Wunsch s t a t e d t h a t , e s p e c i a l l y i n 
weak b a s i c s o l u t i o n s , an Asp ( a + B ) - r e a r r a n g e m e n t e a s i l y t o o k p l a c e i n 
s e c r e t i n , w h i c h s h o u l d be a ccompanied by a change i n c o n f o r m a t i o n and a l o s s 
o f b i o l o g i c a l p o t e n c y . S i n c e t h e n Wunsch' group has been c o n t i n u o u s l y o c c u p i e d 
w i t h r e s e a r c h on t h e c a u s e ( s ) of t h e d e c r e a s e of b i o l o g i c a l p o t e n c y of 
s e c r e t i n ( 1 6 , 64, 6 5 ) . I n a number o f p a p e r s , i n 1977-1979 ( 1 6 , 6 4 ) , t h e y 
r e p o r t e d t h a t [ a s p a r t o y l 3 ] - s e c r e t i n c o u l d be i s o l a t e d f r o m s e c r e t i n a f t e r 
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s t o r a g e o f s e c r e t i n i n an aqueous s o l u t i o n (pH 3-4) f o r s e v e r a l weeks. From 
[ a s p a r t o y l 3 ] - s e c r e t i n a m i x t u r e of s e c r e t i n and [ 8 - A s p 3 ] - s e c r e t i n was r a p i d l y 
formed i n p r a c t i c a l l y n e u t r a l s o l u t i o n . They f o l l o w e d t h e a p p e a r a n c e and 
d i s a p p e a r a n c e of s i g n a l s a s c r i b e d t o [ a s p a r t o y l ] - s e c r e t i n by a c h i r o p t i c a l 
method, c i r c u l a r d i c h r o i s m . The b i o l o g i c a l p o t e n c y of [ a s p a r t o y l 3 ] - s e c r e t i n 
and [ f 5 - A s p 3 ] - s e c r e t i n , d e t e r m i n e d i n t h e dog, was l o w . They r e p o r t e d t h a t pure 
s e c r e t i n was f a i r l y s t a b l e i n n e u t r a l s o l u t i o n , b ut u n s t a b l e i n t h e p r e s e n c e 
o f a c i d . 

G e i g e r ' s group r e p o r t e d , i n 1974, t h a t s e c r e t i n r a p i d l y l o s t i t s 
b i o l o g i c a l p o t e n c y i n aqueous s o l u t i o n ( 7 ) . The a d d i t i o n of c y s t e i n e h y d r o ­
c h l o r i d e d i d not much improve t h e s t a b i l i t y . Pure s e c r e t i n , i n t h e a c e t a t e 
f o r m , was a t l e a s t f o r a s h o r t t i m e s t a b l e as a l y o p h i l i z e d p r o d u c t . I n l a t e r 
i n v e s t i g a t i o n s , r e p o r t e d i n 1977 ( 5 3 ) , t h e y o b t a i n e d f r o m c r u d e s e c r e t i n , 
o b t a i n e d by d e p r o t e c t i o n o f p r o t e c t e d s e c r e t i n , a f t e r r e p e a t e d p u r i f i c a t i o n s 
by g e l ch r o m a t o g r a p h y (Sephadex LH-20; 0.1% a c e t i c a c i d ) v e r y p u r e s e c r e t i n , 
a c c o r d i n g t o TLC and amino a c i d a n a l y s i s . T h i s p r o d u c t , however, p o s s e s s e d 
o n l y 20% o f t h e d e s i r e d b i o l o g i c a l p o t e n c y . S i m i l a r r e s u l t s were a l s o o b t a i n e d 
a f t e r p u r i f i c a t i o n on s i l i c a g e l w i t h a m i x t u r e o f c h l o r o f o r m , m e t h a n o l , 
a c e t i c a c i d , and w a t e r as t h e e l u e n t . They f o u n d t h a t t h e p o t e n c y o f s e c r e t i n , 
d i s s o l v e d i n d i l u t e a c e t i c a c i d , d e c r e a s e d on p r o l o n g e d s t o r a g e . P u r i f i c a t i o n 
o f c r u d e s e c r e t i n by g e l ch r o m a t o g r a p h y (Sephadex L H - 2 0 ) , w i t h w a t e r o r d i l u t e 
h y d r o c h l o r i c a c i d (0.001-0.005 M) as the e l u e n t , d e l i v e r e d a pure p e p t i d e w i t h 
h i g h b i o l o g i c a l p o t e n c y . They c o n c l u d e d t h a t s e c r e t i n i n t h e a c e t a t e f o r m 
r a p i d l y l o s t p o t e n c y , w h i l e s e c r e t i n i n t h e h y d r o c h l o r i d e f o r m was 
c o n s i d e r a b l y more s t a b l e . I n a n o t h e r p a p e r , i n 1977 ( 3 8 ) , t h e y r e p o r t e d t h a t 
s e c r e t i n l o s t about 75% o f i t s p o t e n c y i n s l i g h t l y a c i d i c s o l u t i o n and t h e n 
l o s t no f u r t h e r p o t e n c y . They d i d n o t s u c c e e d i n d e t e r m i n i n g d i f f e r e n c e s by 
TLC and en z y m l c h y d r o l y s i s between f u l l y p o t e n t s e c r e t i n and s e c r e t i n t h a t had 
l o s t 75% o f i t s p o t e n c y . They e x p r e s s e d t h e i r d o u b t s a b o u t the Asp ( a + 0 ) -
r e a r r a n g e m e n t as t h e cause of t h e i n a c t i v a t i o n o f s e c r e t i n , a l s o b e c a u s e o f 
e x p e r i e n c e s w i t h a n a l o g u e s o f s e c r e t i n . 

Boden e t a l . i n v e s t i g a t e d t h e l o s s o f b i o l o g i c a l and i m m u n o l o g i c a l p o t e n c y 
of s e c r e t i n ( 6 6 ) . They f o u n d t h a t b o t h n a t u r a l and s y n t h e t i c s e c r e t i n , 
d i s s o l v e d i n v e r y d i l u t e , p r a c t i c a l l y n e u t r a l s o l u t i o n s (pH 7.5, 25 n g / m l ) , 
l o s t i t s p o t e n c y v e r y s l o w l y (maximum 50% d e c l i n e a f t e r s t o r a g e a t -15 °C f o r 
3 m o n t h s ) . 

Boden and W i l s o n r e p o r t e d (75) t h a t p u r i f i e d I - l a b e l e d s e c r e t i n was 
s t a b l e f o r a t l e a s t 4 days when k e p t i n 0.1 M h y d r o c h l o r i c a c i d a t 4 °C, 
a c c o r d i n g t o c h r o m a t o e l e c t r o p h o r e s i s , w h i l e i t r e t a i n e d i t s i m m u n o r e a c t i v i t y 
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f o r 3 months i f s t o r e d i n a c i d i f i e d e t h a n o l a t -20 °C. 
I n c o m m e r c i a l l y a v a i l a b l e n a t u r a l s e c r e t i n ( G I H , S t o c k h o l m ) t h e w a r n i n g 

was e n c l o s e d t h a t s e c r e t i n , d i s s o l v e d i n s t e r i l e s a l i n e , l o s e s i t s b i o l o g i c a l 
p o t e n c y w i t h i n h o u r s ( 6 7 ) . 

D u r i n g t h e d e t e r m i n a t i o n o f t h e b i o l o g i c a l p o t e n c y o f s e c r e t i n , 
s y n t h e s i z e d by Van Zon & Beyerman, i n 1976 ( 8 ) , i t was f o u n d t h a t 80% o f i t s 
p o t e n c y was l o s t w i t h i n 3 h o u r s on s t o r a g e i n n e u t r a l aqueous s o l u t i o n a t 4 °C. 
The s t a n d a r d w i t h w h i c h s y n t h e t i c s e c r e t i n was compared, was s t a b l e i n 
s o l u t i o n f o r a l o n g p e r i o d ( 6 8 ) . T h i s s t a n d a r d was c r u d e n a t u r a l s e c r e t i n , t h e 
so c a l l e d " B o o t s s e c r e t i n " , p r e p a r e d by P r o f e s s o r T. S c r a t c h e r d a c c o r d i n g t o 
t h e p r e s c r i p t i o n o f C r i c k e t a l . ( 6 9 ) . 

Heramasi & Bayer r e p o r t e d t h a t t h e p o t e n c y o f s e c r e t i n was l o s t on r e p e a t e d 
l y o p h i l i z a t i o n ( 1 0 ) . 

A number o f a d d i t i v e s have been p r o p o s e d i n o r d e r t o i n c r e a s e t h e 
s t a b i l i t y of s e c r e t i n , e.g. c y s t e i n e h y d r o c h l o r i d e , a l a n i n e , B - a l a n i n e . 
S e v e r a l p a t e n t s a p p e a r e d , i n w h i c h i n c r e a s e d s t a b i l i t y i n s e c r e t i n 
f o r m u l a t i o n s was c l a i m e d . Some c o m m e r c i a l l y a v a i l a b l e s e c r e t i n p r e p a r a t i o n s 
c o n t a i n ( e d ) l a r g e amounts of c y s t e i n e h y d r o c h l o r i d e ( s y n t h e t i c " S q u i b b 
s e c r e t i n " , n a t u r a l "GIH s e c r e t i n " ) . 

We s t u d i e d t h e s t a b i l i t y o f s e c r e t i n by d i f f e r e n t methods. Some p o t e n t i a l 
c a u s e s of the d e c r e a s e o f b i o l o g i c a l p o t e n c y of s e c r e t i n a r e : 
_1_. M i c r o b i o l o g i c a l d e g r a d a t i o n . T h i s h a r d l y e x p l a i n s any r a p i d d e c r e a s e o f 
b i o l o g i c a l p o t e n c y . _2_. P h y s i c a l a d s o r p t i o n on m a t e r i a l s d u r i n g s t o r a g e o r 
w h i l e p e r f o r m i n g e x p e r i m e n t s . 3. C h e m i c a l r e a c t i o n s . 

We a p p r o a c h e d the phenomenon o f t h e d e c r e a s i n g b i o l o g i c a l p o t e n c y as 
f o l l o w s : _ i . C h a r a c t e r i z a t i o n o f t h e c i r c u m s t a n c e s i n w h i c h t h e p o t e n c y 
d e c r e a s e s . ^ . S t u d i e s on p o s s i b l e a d s o r p t i o n o f s e c r e t i n on g l a s s . 
3_. D e t e c t i o n o f i n t r a m o l e c u l a r r e a c t i o n s i n p a r t i a l s e quences o f s e c r e t i n and 
i n s e c r e t i n i t s e l f . _4_. S y n t h e s i s and b l o a s s a y of a n a l o g u e s of s e c r e t i n i n 
w h i c h G l y 4 has been r e p l a c e d by o t h e r amino a c i d r e s i d u e s . 
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3.2. LOSS OF BIOLOGICAL POTENCY OF SECRETIN 

I n b i o a s s a y e x p e r i m e n t s u s i n g c o n s c i o u s dogs, we fo u n d t h a t s o l u t i o n s o f 
s e c r e t i n (pH 7.0; 250 ng/ml o f 0.9% s a l i n e ) d i d n o t l o s e p o t e n c y s i g n i f i c a n t l y 
on s t o r a g e a t ambient t e m p e r a t u r e f o r 24 h. S e c r e t i n , s t o r e d a t 25 °C f o r 72 h 
(pH 7.9, 0.5 mg/ml o f 0.5% NH^HCOj), and t h e n l y o p h i l i z e d , was n o t l e s s p o t e n t 
t h a n t he s t a r t i n g m a t e r i a l w h i c h was l y o p h i l i z e d i m m e d i a t e l y f r o m d i l u t e 
a c e t i c a c i d . I n i n d e p e n d e n t e x p e r i m e n t s w i t h a n a e s t h e t i z e d f e r r e t s , we fo u n d 
t h a t s o l u t i o n s o f s e c r e t i n (pH 7.4, 1 pg/ml of 0.9% s a l i n e ) r a p i d l y l o s t most 
of t h e i r p o t e n c y on s t o r a g e a t 22 °C. I t p r o v e d i m p o s s i b l e t o a r r i v e a t 
r e p r o d u c i b l e f i g u r e s c o n c e r n i n g t h e d e c r e a s e o f p o t e n c y i n t h i s s y s t e m . 

exocrine 
pancreat ic 
secret ion 

0.50 • 
(g/10min ) 

N N Si N S j N S3 N S i S i N Se 

i I 1 1 1 I i 1 I M 1 

f 0.J 

0.3« TTTJO ÎL 0.37 

F i g . 3.1 P a n c r e a t i c s e c r e t i o n i n an a n a e s t h e t i z e d f e r r e t a f t e r i n j e c t i o n 

o f aqueous s o l u t i o n s c o n t a i n i n g s e c r e t i n ( N : i n j e c t i o n o f n a t u r a l 
s e c r e t i n ; S: i n j e c t i o n o f R E M A - s y n t h e t i c s e c r e t i n ) . 

The e x o c r i n e p a n c r e a t i c s e c r e t o r y r e s p o n s e d u r i n g 10 min a f t e r i n j e c t i o n and 
the b a s i c r e s p o n s e ( h a t c h e d c olumns) were d e t e r m i n e d . The f i g u r e s i n t h e 
columns show the n e t r e s p o n s e a f t e r i n j e c t i o n (g/10 m i n ) . 

R E M A - s y n t h e t i c s e c r e t i n d i s s o l v e d i n w a t e r ( c = 1.32 ug/ml) i n a 
c a l i b r a t i n g f l a s k p r e p a r e d o f b o r o s i l i c a t e g l a s s ( P y r e x , 10 m l ) , was i n j e c t e d , 
i m m e d i a t e l y a f t e r d i s s o l v i n g , i n t o an a n a e s t h e t i z e d f e r r e t (0.4 m l ; S I ) . A f t e r 
40 min a n o t h e r 0.4 ml was i n j e c t e d ( S 2 ) . A f t e r 70 min t h e s o l u t i o n was 
t r a n s f e r r e d t o a n o t h e r f l a s k p r e p a r e d o f t h e same m a t e r i a l . T h i s s o l u t i o n was 
i n j e c t e d a f t e r 50 min (0.4 m l ; S 4 ) . The e m p t i e d f l a s k was f i l l e d w i t h a 
s o l u t i o n o f BSA i n 0.9% NaC l (10 mg/ml), and a f t e r s h a k i n g f o r 5 min t h i s 
s o l u t i o n was i n j e c t e d (0.4 ml; S 3 ) . T h i s was r e p e a t e d a f t e r 50 min (0.4 m l ; 
S5) and 80 min (0.8 m l ; S 6 ) , r e s p e c t i v e l y . N a t u r a l " B o o t s s e c r e t i n " was used 
as a s t a n d a r d . T h i s s t a n d a r d , i n aqueous s o l u t i o n , was i n j e c t e d s e v e r a l t i m e s 
(N; 0.3 mg). 
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3.3. ADSORPTION OF SECRETIN ON GLASS OR SYNTHETIC MATERIALS 

I t i s known t h a t c e r t a i n p e p t i d e s i n h i g h l y d i l u t e d aqueous s o l u t i o n s 
o c c a s i o n a l l y a d s o r b on t h e s u r f a c e of t h e i r c o n t a i n e r ( e . g . g l a s s , s y n t h e t i c 
m a t e r i a l s ) ( 7 0 - 7 4 ) . Boden and W i l s o n r e p o r t e d t h a t ^ ^ I - l a b e l e d s e c r e t i n 
a d s o r b e d on g l a s s . T h i s a d s o r p t i o n c o u l d be p r e v e n t e d by t h e a d d i t i o n o f 
b o v i n e serum a l b u m i n e (BSA) o r serum t o the p e p t i d e s o l u t i o n o r by d i s s o l v i n g 
s e c r e t i n i n 0.1 M h y d r o c h l o r i c a c i d ( 7 5 ) . R e c e n t l y , a d s o r p t i o n has been 
o b s e r v e d w i t h d i l u t e s e c r e t i n s o l u t i o n s ( 7 6 - 7 8 ) . I n o r d e r t o p r e v e n t t h e 
a d s o r p t i o n , o f t e n some m a t e r i a l i s added t o the s o l u t i o n , o r t h e c o n t a i n e r 
s u r f a c e i s c o a t e d . Ogino et a l . (78) f o u n d t h a t t h e a d s o r p t i o n of s e c r e t i n on 
g l a s s c o u l d be p r e v e n t e d by the a d d i t i o n of BSA t o the s e c r e t i n s o l u t i o n . We 
s t u d i e d the a d s o r p t i o n of s e c r e t i n on g l a s s ( F i g . 3 . 1 ) , and c o n f i r m e d t h a t 
s e c r e t i n has a s t r o n g t e n d e n c y t o a d s o r b on t h i s m a t e r i a l . T h i s a d s o r p t i o n was 
p r e v e n t e d by t h e a d d i t i o n o f an e x c e s s of BSA t o t h e s o l u t i o n . We f o u n d , 
i n d e e d , i n b i o a s s a y e x p e r i m e n t s w i t h the f e r r e t t h a t no s i g n i f i c a n t l o s s of 
p o t e n c y o c c u r r e d i f an e x c e s s o f BSA had been added t o t h e s o l u t i o n and i f t h e 
g l a s s w a r e w h i c h was u s e d had been s i l y l a t e d . O gino e t a l . ( 7 8 ) f o u n d , however, 
t h a t s i l y l a t l o n o f t h e g l a s s w a r e i n c r e a s e d t h e a d s o r p t i o n of s e c r e t i n on t h e 
g l a s s . I n e x p e r i m e n t s w i t h the r a t we f o u n d t h a t t h e p o t e n c y of a s e c r e t i n 
s o l u t i o n d i d n o t d e c r e a s e on s t o r a g e when o n l y BSA had been added. I t i s 
l i k e l y t h a t most of t h e o b s e r v e d r a p i d l o s s of b i o l o g i c a l p o t e n c y i s t h e r e f o r e 
c a u s e d by a r e v e r s i b l e p h y s i c a l a d s o r p t i o n . 

3.4. CHEMICAL REACTIONS IN MODEL PEPTIDES AND SECRETIN 

We a l s o s t u d i e d t h e o c c u r r e n c e of some c h e m i c a l r e a c t i o n s i n s e c r e t i n , 
p o t e n t i a l c a u s e s f o r t h e d e c r e a s i n g p o t e n c y . A c o n t e m p l a t i o n o f t h e sequence 
o f s e c r e t i n ( F i g . 1.1) l e d us t o s e v e r a l c o n c e i v a b l e r e a c t i o n s ( T a b l e 3 . 1 ) . 

I n l i t e r a t u r e t h e A s p 3 ( a + B ) - r e a r r a n g e m e n t ( F i g . 2.3) has e s p e c i a l l y been 
m e n t i o n e d as a p o s s i b l e i n t r a m o l e c u l a r r e a c t i o n i n t h e p e p t i d e ( 4 , 16, 38, 64, 
6 5 ) . We d e c i d e d t o s t u d y t h e Asp( a+B)-rearrangement i n s e c r e t i n c l o s e l y . I n 
s e c r e t i n two Asp r e s i d u e s a r e p r e s e n t , v i z . A s p 3 and Asp*-' ( F i g . 1 . 1 ) . 
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T a b l e 3.1 Some c o n c e i v a b l e r e a c t i o n s i n s e c r e t i n 

R e a c t i o n t y p e R e a c t i o n s i t e 

A s p ( a + B ) - r e a r r a n g e m e n t 

G l u ( a > Y ) - r e a r r a n g e m e n t 
D e a m i d a t i o n 
N+O s h i f t 
L a c t o n e f o r m a t i o n 
P e p t i d e c h a i n c l e a v a g e 
R a c e m i z a t i o n 

F i r s t , we s t u d i e d t he b e h a v i o u r of two segments o f s e c r e t i n , S ( l - 6 ) - N H 2 
and S ( 1 3 - 1 8 ) . I n t h e s e p e p t i d e s t he immediate e n v i r o n m e n t o f t h e Asp r e s i d u e s 
i s t h e same as i n s e c r e t i n . We s y n t h e s i z e d a number o f p e p t i d e s : S(l-6)-NH2> 
[ B - A s p 3 ] - S ( l - 6 ) - N H 2 , [ a s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 , S ( 4 - 6 ) - N H 2 , S ( 1 3 - 1 8 ) , [ 0 - A s p 1 5 ] -
S ( 1 3 - 1 8 ) , S ( 1 3 - 1 4 ) , and S ( 1 5 - 1 8 ) . T h i s w i l l be d e s c r i b e d i n c h a p t e r 4. Most o f 
t h e s e p e p t i d e s ^ c o u l d e a s i l y be s e p a r a t e d by r e v e r s e - p h a s e HPLC w i t h 
m e t h a n o l / w a t e r / T F A m i x t u r e s as t h e e l u e n t . 

S ( l - 6 ) - N H 2 and S(13-18) were s t o r e d i n 0.1 M ammonium a c e t a t e a t d i f f e r e n t 
pH (50 °C, 65 h ) . The r a t h e r h i g h t e m p e r a t u r e , 50 °C, was ch o s e n t o speed up 
th e p o t e n t i a l c h e m i c a l changes and t o m i n i m i z e t h e m i c r o b i o l o g i c a l d e g r a d a t i o n 
of t h e p e p t i d e s . The s o l u t i o n s were t h e n a n a l y s e d by r e v e r s e - p h a s e HPLC (UV 
d e t e c t i o n a t 205 nm), d i r e c t l y and a f t e r l y o p h i l i z a t i o n f o l l o w e d by s t o r a g e i n 
1% NH4HCO3 (a m b i e n t t e m p e r a t u r e , 24 h) ( T a b l e 3 . 2 ) . S o l u t i o n s , o b t a i n e d i n t h e 
same way were l y o p h i l i z e d , h y d r o l y s e d by LAP, and t h e amino a c i d c o m p o s i t i o n 
was d e t e r m i n e d ( T a b l e 3 .3). A f t e r s t o r a g e of S ( l - 6 ) - N H 2 a t pH 2.5 two main 
peaks were v i s i b l e w i t h r e v e r s e - p h a s e HPLC: a peak w i t h t he r e t e n t i o n o f 
S ( l - 6 ) - N H 2 and [ a s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 , and a peak c a u s e d by S ( 4 - 6 ) - N H 2 

( a c c o r d i n g t o t h e amino a c i d c o m p o s i t i o n o f t h e c o l l e c t e d p r o d u c t a f t e r a c i d i c 
h y d r o l y s i s and c o m p a r i s o n w i t h s y n t h e t i c S ( 4 - 6 ) - N H 2 ) . A f t e r t r e a t m e n t o f t h e 
l y o p h i l i z e d m i x t u r e w i t h 1% NH4HCO3 a new peak a p p e a r e d , w i t h t h e r e t e n t i o n o f 
[ B - A s p 3 ] - S ( l - 6 ) - N H 2 - A f t e r s t o r a g e o f S ( l - 6 ) - N H 2 a t pH > 5 two main peaks were 
v i s i b l e : a peak w i t h t he r e t e n t i o n o f S ( l - 6 ) - N H 2

 a n c * a peak w i t h t h e r e t e n t i o n 
o f [ B - A s p 3 ] - S ( l - 6 ) - N H 2 . T r e a t m e n t o f the l y o p h i l i z e d m i x t u r e s w i t h 1% NH4HCO3 
d i d not l e a d t o new p e a k s , a l t h o u g h t he r e l a t i v e a r e a s o f t h e peaks sometimes 
changed. A f t e r s t o r a g e o f S(13-18) a t pH 2.5 t h r e e main peaks were v i s i b l e 
w i t h r e v e r s e - p h a s e HPLC: a peak w i t h t h e r e t e n t i o n o f S ( 1 3 - 1 8 ) , a peak w i t h 
the r e t e n t i o n o f [ B - A s p ^ ] - S ( 1 3 - 1 8 ) , and a peak t h a t had a l m o s t t h e same 

A s p 3 ' 1 5 

G l u 9 

G i n 2 0 ' 2 4 , V a l 2 7 - N H 2 

S e r 2 ' 8 ' 1 1 ' 1 6 , T h r 5 ' 7 

S e r 2 - A s p 3 , S e r 8 - G l u ' , A s p 1 5 - S e r .16 
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r e t e n t i o n as S ( 1 3 - 1 8 ) . T h i s l a s t m e n t i o n e d peak d i s a p p e a r e d on t r e a t m e n t o f 
th e l y o p h i l i z e d m i x t u r e w i t h 1% NH4HCO3. I n v i e w o f t h e r e s u l t s w i t h 
S ( l - 6 ) - N H 2 , we c o n c l u d e d t h a t t h i s peak was c a u s e d by [ a s p a r t o y l ^ ] - S ( 13-18) . 
A f t e r s t o r a g e o f S(13-18) a t pH > 5 two main peaks were v i s i b l e : a peak w i t h 
t h e r e t e n t i o n of [ 8 - A s p l 5 ] - S ( 1 3 - 1 8 ) and a peak w i t h the r e t e n t i o n o f S ( 1 3 - 1 8 ) . 
T reatment of t h e l y o p h i l i z e d m i x t u r e s w i t h 1% NH^HCC^ d i d n o t r e s u l t i n o t h e r 
p e a k s . 

N e x t , we s t u d i e d t h e b e h a v i o u r o f s e c r e t i n i n aqueous s o l u t i o n . We 
s y n t h e s i z e d t he p r o d u c t s w h i c h we e x p e c t e d , i n v i e w o f t h e r e s u l t s o b t a i n e d 
w i t h t h e model p e p t i d e s , t o be formed fr o m s e c r e t i n : [ a s p a r t o y l 3 ] - s e c r e t i n , 
[ S - A s p 3 ] - s e c r e t i n , and S ( 4 - 2 7 ) . T h i s w i l l be d e s c r i b e d i n c h a p t e r 5. These a r e 
p r o d u c t s o f an A s p 3 ( ot->-B)-rearrangement and o f an A s p 3 - G l y bond c l e a v a g e i n 
s e c r e t i n . We s u c c e e d e d i n s e p a r a t i n g t h e s e p e p t i d e s by RP HPLC by d e v e l o p i n g a 
new syst e m , w i t h m e t h a n o l / w a t e r m i x t u r e s as the e l u e n t and p e r f l u o r o a l k a n o i c 
a c i d s as l i p o p h i l i c i o n - i n t e r a c t i o n r e a g e n t s ( 9 6 ) . The p e p t i d e s were f o u n d t o 
be of low b i o l o g i c a l p o t e n c y . 

We s t u d i e d t h e b e h a v i o u r of s e c r e t i n i n aqueous s o l u t i o n a t d i f f e r e n t pH. 
A f t e r s t o r a g e (50 °C, 65 h) the p e p t i d e s o l u t i o n was a n a l y s e d by amino a c i d 
a n a l y s i s a f t e r e nzymic h y d r o l y s i s w i t h LAP ( T a b l e 3.4), by RP HPLC ( F i g . 3 . 2 ) , 
and by TLC. 

From t h e r e s u l t s shown i n T a b l e 3.4 and F i g . 3.2 i t c a n be c o n c l u d e d t h a t 
a t pH 2.5 [ a s p a r t o y l 3 ] - S i s t h e main p r o d u c t , w h i l e S(4-27) i s a l s o f o r m e d . A t 
pH > 5 no bond c l e a v a g e was o b s e r v e d and t h e p r o d u c t s o f an A s p 3 ( a+8)-
re a r r a n g e m e n t were s e c r e t i n and [ 6 - A s p 3 ] - s e c r e t i n . A n a l y s i s o f t h e p r o d u c t 
m i x t u r e s by TLC s u b s t a n t i a t e d t h e s e r e s u l t s . The amino a c i d a n a l y s e s o f t h e 
p r o d u c t s a f t e r h y d r o l y s i s by LAP ( T a b l e 3.4) i n d i c a t e t h a t , b e s i d e s a n 
A s p 3 ( a+3)-rearrangement a l s o an A s p ^ ( a-*B)-rearrangement m i g h t have t a k e n 
p l a c e . T h i s we d i d n o t s t u d y any f u r t h e r . I n e x p e r i m e n t s w i t h t h e model 
p e p t i d e s we had found t h a t t h e o b v i o u s a p p r o a c h t o s o l v e t h i s p r o b l e m , 
d e g r a d a t i o n of the p e p t i d e by t r e a t m e n t w i t h t r y p s i n , f o l l o w e d by i s o l a t i o n 
and a n a l y s i s o f the f r a g m e n t s formed ( 4 ) , c o u l d l e a d t o e r r o n e o u s c o n c l u s i o n s . 
F i g . 3.3 shows t h a t t h e -Arg-ct-Asp- bond i n S( 13—18), an i n t e r m e d i a t e i n t h e 
t r y p t l c h y d r o l y s i s o f s e c r e t i n , i s h y d r o l y s e d much f a s t e r t h a n t h e - A r g - 8 - A s p -
bond i n [ 3 - A s p ^ ] - S ( 13-18), an i n t e r m e d i a t e i n t h e t r y p t i c h y d r o l y s i s o f 
s e c r e t i n i f an A s p ^ ( a+3)-rearrangement has o c c u r r e d . So, t o o b t a i n c o r r e c t 
r e s u l t s a f t e r t r y p t i c h y d r o l y s i s , t h e p e p t i d e s S ( 1 3 - 1 4 ) , S ( 1 5 - 1 8 ) , [ B - A s p 1 5 ] -
S ( 1 5 - 1 8 ) , and [ 8 - A s p 1 5 ] - S ( 1 3 - 1 8 ) must be d e t e r m i n e d q u a n t i t a t i v e l y . 



T a b l e 3.2 D i s t r i b u t i o n o f p r o d u c t s a f t e r s t o r a g e o f h e x a p e p t i d e s i n aqueous s o l u t i o n 

A; S ( l - 6 ) - N H 2 B; S(13-18) 
D i r e c t l y a f t e r A f t e r l y o p h i l i z a t i o n D i r e c t l y a f t e r A f t e r l y o p h i l i z a t i o n 

s t o r a g e and s t o r a g e i n 1% NH4HCO3 s t o r a g e and s t o r a g e i n 1% NHAHCO 

I c I I d I I I C I c I I d I I I e I f 118 I f I I S 

PH 2.5 89 __h 11 60 26 14 9 1 J 9 88 12 

PH 5.0 79 21 __h 72 28 __h 94 6 93 7 

pH 7.5 82 18 __h 82 18 __h 94 6 95 5 
k 100 _ _ h __h 100 __h __h 100 __h 96 4 

a HPLC a n a l y s i s on o c t a d e c y l s i l y l - s i l i c a w i t h m e t h a n o l / w a t e r / T F A m i x t u r e s a s e l u e n t s . U V - d e t e c t i o n a t 205 nm. Only 
the main p e a k s , as m e n t i o n e d i n the t e x t , a r e c o n s i d e r e d . The r e l a t i v e p e a k areas have been g i v e n , b S y n t h e t i c 
f r a g m e n t s of s e c r e t i n , S ( l - 6 ) - N H 2 (A) and S(13—18) (B) were d i s s o l v e d i n 0.1 M ammonium a c e t a t e , a d j u s t e d t o pH 2.5, 
pH 5.0, and pH 7.5, r e s p e c t i v e l y ( c = 0.1 mg/ml). A f t e r s t o r a g e f o r 65 h a t 50 °C, t h e s o l u t i o n was i n j e c t e d f o r 
a n a l y s i s . A f t e r l y o p h i l i z a t i o n of the r e m a i n i n g s o l u t i o n t h e p r o d u c t s w e r e d i s s o l v e d i n 1% NH4HCO3 ( c =0.2 mg/ml) 
and s t o r e d a t ambient t e m p e r a t u r e . A f t e r 24 h, t h i s s o l u t i o n was i n j e c t e d f o r a n a l y s i s , c Peak w i t h r e t e n t i o n o f 
S ( l - 6 ) - N H 2 ( a n d o f [ a s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 ) . d Peak w i t h r e t e n t i o n of [ B - A s p 3 ] - S ( l - 6 ) - N H 2 . e Peak w i t h r e t e n t i o n o f 
S ( 4 - 6 ) - N H 2 . f Peak w i t h r e t e n t i o n of S ( 1 3 - 1 8 ) . g Peak w i t h r e t e n t i o n o f [ B - A s p 1 5 ] - S ( 1 3 - 1 8 ) . h R e l a t i v e peak a r e a < 2%. 
j Broad peak, k S t a r t i n g m a t e r i a l . 



T a b l e 3.3 Amino a c i d a n a l y s e s 3 o f model p e p t i d e s a f t e r s t o r a g e i n aqueous s o l u t i o n s 

A b ; S ( l -6)-NH 2 B b; S(13--18) 
H i s Ser A s p G l y T h r Phe Leu A r g Asp S e r A l a A r g 

pH 2.5 1.07 0.94 0.79 0.80 0.84 0.81 1.00 0.99 0.85 0.76 1.02 0.99 
pH 5.0 1.05 0.95 0.76 0.75 0.79 0.76 1.01 0.99 0.95 0.85 1.01 0.99 
pH 7.5 1.03 0.98 0.81 0.81 0.85 0.82 1.02 0.99 0.93 0.82 1.01 1.00 
c 1.03 0.93 0.99 0.99 1.04 1.01 0.98 1.00 0.97 0.87 1.03 1.00 

a A f t e r enzymic h y d r o l y s i s w i t h LAP. b S y n t h e t i c f r a gments o f s e c r e t i n , S ( l - 6 ) - N H 2 (A) and S(13-18) (B) were d i s s o l v e d 
i n 0.1 M ammonium a c e t a t e , a d j u s t e d t o pH 2.5, pH 5.0, and pH 7.5, r e s p e c t i v e l y ( c = 0.1 mg/ml) . A f t e r s t o r a g e f o r 65 h 
a t 50 °C the so l u t i o n s were l y o p h i l i z e d and a n a l y s e d a f t e r e n z y m i c h y d r o l y s i s , c S t a r t i n g m a t e r i a l . 

T a b l e 3.4 Amino a c i d a n a l y s e s 3 o f s e c r e t i n a f t e r s t o r a g e i n aqueous s o l u t i o n s 

Asp G l u G l y A l a V a l L e u Phe H i s Arg 

pH 2.5 1.54 1.08 1.70 1.02 0.98 5.98 0.97 0.93 4.06 

PH 5.0 1.59 1.07 1.69 1.05 0.97 5.96 1.02 0.90 4.07 

PH 7.5 1.72 1.01 1.80 1.05 0.98 5.99 0.84 0.86 4.03 
c 1.97 1.12 1.92 1.01 1.00 5.95 1.09 0.92 4.06 

a A f t e r enzymic h y d r o l y s i s w i t h L A P . b S y n t h e t i c s e c r e t i n was d i s s o l v e d i n 0.1 M ammonium a c e t a t e , a d j u s t e d t o pH 2.5, 
pH 5.0, and pH 7.5, r e s p e c t i v e l y ( c = 0.5 mg/ml). A f t e r s t o r a g e f o r 65 h a t 50 °C, the s o l u t i o n s were l y o p h i l i z e d and 
a n a l y s e d a f t e r e n z y m i c h y d r o l y s i s , c S t a r t i n g m a t e r i a l . 
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pH 25 

Io, 

pH 5 0 

pH 7 5 

F i g . 3.2 Chromatograms of s e c r e t i n a f t e r s t o r a g e i n aqueous s o l u t i o n . 

I : peak w i t h r e t e n t i o n of s e c r e t i n . 

I I : peak w i t h r e t e n t i o n o f [ B-Asp ]-S. 
I I I : peak w i t h r e t e n t i o n of [ a s p a r t o y l ]-S. 
IV: peak w i t h r e t e n t i o n o f S ( 4 - 2 7 ) . 
V: s o l v e n t peak. 
S e c r e t i n was d i s s o l v e d i n 0.1 M ammonium a c e t a t e , a d j u s t e d t o pH 2.5 ( 1 ) , 
pH 5.0 ( 2 ) and pH 7.5 ( 3 ) , r e s p e c t i v e l y ( c = 0.5 mg/ml) . A f t e r s t o r a g e f o r 65 h 
a t 50 °C 10 p i was i n j e c t e d f o r a n a l y s i s ( A ) . A f t e r l y o p h l l i z a t l o n o f the 
s o l u t i o n s , 50 u l 0.1 M a c e t i c a c i d was added and 10 u l h e r e o f was i n j e c t e d f o r 
a n a l y s i s ( B ) . Column: P o l y g o s i l C18, 10 im (30 x 0.4 cm I . D . ) ; e l u e n t : 
m e t h a n o l / w a t e r / T F A 65:35:0.1 ( A ) , m e t h a n o l / w a t e r 82:18 w i t h 0.005 M 
p e r f l u o r o o c t a n o i c a c i d ( B ) ; UV d e t e c t i o n a t 205 nm (A) o r 215 nm ( B ) ; 
f l o w r a t e : 1 ml/min; ambient t e m p e r a t u r e . 
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From the f i g u r e s shown i n T a b l e 3.4 one can c o n c l u d e t h a t , even a t 50 °C, no 

G l u ( a-»-Y)-rearrangement o r G i n d e a m i d a t i o n has o c c u r r e d t o any g r e a t e x t e n t . 

Nor c o u l d r a c e m l z a t i o n be d e t e c t e d . O t h e r p o t e n t i a l r e a c t i o n s , m e n t i o n e d i n 

T a b l e 3.4 c a n n o t be o b s e r v e d i n t h i s way. 

13 X 18 
LEU-ARGiASP-SER-ALA-ARG 

S I 1 3 - 1 8 ) 

T r y p s i n , 5 h 

[ f l - A s p 1 5 ] - S ( 1 3 - 1 8 ) B 

T r y p s i n , 5 h 

T r y p s i n , 5 h 

10 15 25 30 3 5 

tr(min) 

F i g . 3.3 Chromatograms o f S(13-18) and [ 8 - A s p 1 5 ] - S ( 1 3 - 1 8 ) a f t e r t r e a t m e n t 
w i t h t r y p s i n . 

I : s o l v e n t peak. 
I I : peak w i t h r e t e n t i o n of S ( 1 5 - 1 8 ) . 
I l l : peak w i t h r e t e n t i o n of S ( 1 3 - 1 4 ) . 
IV: peak w i t h r e t e n t i o n o f [ g - A s p 1 5 ] - S ( 1 3 - 1 8 ) . 
S(13-18) (A) and [ g - A s p 1 5 ] - S ( 1 3 - 1 8 ) ( B ) , i n 1% NH 4HC0 3 (0.2 mg/ml), were 
t r e a t e d w i t h t r y p s i n (2.5mg/mg p e p t i d e ) a t ambient t e m p e r a t u r e . A f t e r 5 h, 
th e s o l u t i o n s were s t o r e d i n b o i l i n g w a t e r f o r 5 m i n , and 10 u l o f t h e 
s o l u t i o n s was i n j e c t e d f o r a n a l y s i s . The same p r o c e d u r e was f o l l o w e d w i t h a 
t r y p s i n s o l u t i o n t o w h i c h no p e p t i d e had been added ( C ) . 

Column: N u c l e o s i l C18, 5 \m (15 x 0.4 cm I . D . ) ; e l u e n t : m e t h a n o l / w a t e r / T F A 

4:96:0.1; UV d e t e c t i o n a t 205 nm; f l o w r a t e : 1 ml/min; ambient t e m p e r a t u r e . 
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We a l s o i n v e s t i g a t e d t h e b e h a v i o u r o f s e c r e t i n i n aqueous s o l u t i o n a t 25 C 
a f t e r a l o n g e r p e r i o d (45 d a y s , pH 2.5, F i g . 3 . 4 ) . [ A s p a r t o y l 3 ] - S was t h e main 
p r o d u c t , w h i l e some S(4-27) was a l s o f o r m e d . A t h i g h e r pH (pH > 5) no 
s i g n i f i c a n t A s p 3 ( a + S ) - r e a r r a n g r a e n t o r A s p 3 - G l y bond c l e a v a g e c o u l d be 
o b s e r v e d . I n t h e s e e x p e r i m e n t s a s m a l l amount o f benzene was added t o p r e v e n t 
m i c r o b i o l o g i c a l d e g r a d a t i o n of s e c r e t i n . 

0 5 10 15 . 0 5 10 15 20 25 30 . 
tr(min) lr(min) 

F i g . 3.4 Chromatograms o f s e c r e t i n b e f o r e ( 1 ) and a f t e r ( 2 ) s t o r a g e 
i n aqueous s o l u t i o n . 

I : peak w i t h r e t e n t i o n of s e c r e t i n . 
o 

I I : peak w i t h r e t e n t i o n of [ a s p a r t o y l ]-S. 
I l l : peak w i t h r e t e n t i o n of S(4-27) . 
IV: s o l v e n t peak. 
V: benzene. 
S e c r e t i n was d i s s o l v e d i n 0.1 M ammonium a c e t a t e , a d j u s t e d t o pH 2.5 
( c = 0.3 mg/ml). A f t e r s t o r a g e a t 25 °C f o r 45 days t h e s o l u t i o n was i n j e c t e d 
f o r a n a l y s i s ( 2 ) . 1: s t a r t i n g m a t e r i a l i n 0.1 M ammonium a c e t a t e . 
Column: P o l y g o s i l C18, 10 urn (30 x 0.4 cm I . D . ) ; e l u e n t : m e t h a n o l / w a t e r / T F A 
67:33:0.1 ( A ) , m e t h a n o l / w a t e r 83:17 w i t h 0.005 M p e r f l u o r o o c t a n o i c a c i d ( B ) ; 
UV d e t e c t i o n a t 205 run (A) o r 215 nm ( B ) ; f l o w r a t e : 1.2 ml/min; 
t e m p e r a t u r e : 26 °C. 
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The b e h a v i o u r o f s e c r e t i n a t 25 °C was s t u d i e d b o t h i n 0.1 M ammonium a c e t a t e 
and i n 0.1 M ammonium c h l o r i d e . K S n l g e t a l (53) have r e p o r t e d s i g n i f i c a n t 
d i f f e r e n c e s i n s t a b i l i t y o f s e c r e t i n i n d i l u t e h y d r o c h l o r i c a c i d o r d i l u t e 
a c e t i c a c i d d u r i n g t h e p u r i f i c a t i o n s t e p . We o n l y o b s e r v e d , however, s m a l l 
d i f f e r e n c e s i n r e a c t i o n v e l o c i t y i n t h e two s o l u t i o n s s t u d i e d . C o n s e q u e n t l y , 
i n s e c r e t i n s e v e r a l s l o w i n t r a m o l e c u l a r r e a c t i o n s do o c c u r . 

F i n a l l y , we s y n t h e s i z e d some a n a l o g u e s o f s e c r e t i n i n w h i c h G l y ^ had been 
r e p l a c e d by o t h e r amino a c i d r e s i d u e s . T h i s w i l l be d e s c r i b e d i n t h e c h a p t e r s 

o 

6 and 7. I n t h e s e p e p t i d e s t h e Asp ( a + B ) - r e a r r a n g e m e n t w i l l p r o c e e d s l o w e r 
t h a n i n s e c r e t i n . These a n a l o g u e s were c o n s i d e r a b l e l e s s p o t e n t i n t h e 
b i o a s s a y s t h a n s e c r e t i n . A f t e r o u r f i n d i n g s w i t h s e c r e t i n we d i d n o t s t u d y t h e 
s t a b i l i t y o f the a n a l o g u e s . These p e p t i d e s were u s e d i n s t u d i e s on s t r u c t u r e -
a c t i v i t y r e l a t i o n s h i p s i n t h e s e c r e t i n f a m i l y , as w i l l be d e s c r i b e d i n t h e 
c h a p t e r s 6 and 7. 

3.5. EXPERIMENTAL PART 

A l l s y n t h e t i c p e p t i d e s were p r e p a r e d i n t h i s l a b o r a t o r y , as ( w i l l be) 
d e s c r i b e d ( c h a p t e r s 2, 4 - 6 ) . The enz y m i c h y d r o l y s i s w i t h LAP and t h e amino 
a c i d a n a l y s e s were p e r f o r m e d as d e s c r i b e d i n c h a p t e r 2. T r y p s i n was p u r c h a s e d 
f r o m B o e h r i n g e r Mannheim, GFR. 

H P L C - a n a l y s e s were p e r f o r m e d a n a l o g o u s l y t o t h e p r o c e d u r e as d e s c r i b e d i n 
c h a p t e r 2. The f o l l o w i n g columns were used: N u c l e o s i l C18, 5 ixn 
(15 x 0.4 cm I . D . ) , P o l y g o s i l C18, 10 un (30 x 0.4 cm I . D . ) , o r RCM-100 
e q u i p p e d w i t h a R a d i a l - P a k c a r t r i d g e , t y p e ' D e l f t U n i v e r s i t y S p e c i a l ' C18, 

7 pm (10 x 0.8 cm I . D . ) . TLC was p e r f o r m e d on s i l i c a g e l (Nferck s i l i c a g e l 60 
F-254) i n t h e s y s t e m b u t a n o l / p y r i d i n e / a c e t i c a c i d / w a t e r 60:20:6:24. 

B i o a s s a y s were p e r f o r m e d as d e s c r i b e d , w i t h t h e a n a e s t h e t i z e d r a t ( s e e 
c h a p t e r 2) o r w i t h t h e c o n s c i o u s dog (60) ( C e n t e r f o r U l c e r R e s e a r c h and 
E d u c a t i o n , Los A n g e l e s , CA, U.S.A.), o r w i t h t h e a n a e s t h e t i z e d f e r r e t 
( U n i v e r s i t y o f S h e f f i e l d , S h e f f i e l d , U.K.) ( s e e c h a p t e r 2 ) . 
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3.6. CONCLUSIONS: 

Our aim was the e l u c i d a t i o n o f t h e c a u s e ( s ) o f t h e d e c r e a s i n g b i o l o g i c a l 
p o t e n c y o f p o r c i n e s e c r e t i n a t t h e m o l e c u l a r l e v e l and p o s s i b l y t h e f i n d i n g o f 
a p r a c t i c a l remedy. From o u r r e s u l t s d e s c r i b e d h e r e we c o n c l u d e : 

- The phenomenon of the l o s s o f b i o l o g i c a l p o t e n c y i s d i f f i c u l t t o 
d e m o n s t r a t e i n a r e p r o d u c i b l e b i o a s s a y u s i n g v a r i o u s a n i m a l s p e c i e s . 

- The l o s s o f b i o l o g i c a l p o t e n c y can be d e c r e a s e d o r p r e v e n t e d by t h e 
a d d i t i o n o f b o v i n e serum a l b u m i n (BSA) t o t h e s e c r e t i n s o l u t i o n . 

- S e c r e t i n p o s s e s s e s a s t r o n g t e n d e n c y t o a d s o r b on m a t e r i a l s w i t h w h i c h i t 
comes i n t o c o n t a c t , e.g. b o r o s l l i c a t e g l a s s . The a d s o r b e d p e p t i d e c a n be 
d e s o r b e d by the a d d i t i o n o f BSA. 

- A p o s s i b l e Asp-^( a-<-g)-rearrangement i n v o l v e s a l o s s o f b i o l o g i c a l p o t e n c y . 
- I n s e c r e t i n an Asp^( a+B)-rearrangement t a k e s p l a c e s l o w l y . At pH 2.5 

[ a s p a r t o y l ^ ] - S i s formed. I n l e s s a c i d i c s o l u t i o n s a m i x t u r e o f s e c r e t i n and 

[ B - A s p 3 ] - s i s f o r m e d . 

- B e s i d e s an A s p ^ ( a + 3 ) - r e a r r a n g e m e n t , an A s p ^ - G l y p e p t i d e c h a i n c l e a v a g e 

o c c u r s i n s e c r e t i n . 
- B e s i d e s an Asp^( ot+g)-rearrangement, p o s s i b l y an A s p ^ ( a-»-B)-rearrangement 

migh t o c c u r i n s e c r e t i n . 

- S e v e r a l a n a l o g u e s o f s e c r e t i n , i n w h i c h G\y** has been r e p l a c e d by o t h e r 

amino a c i d r e s i d u e s , a r e c o n s i d e r a b l y l e s s p o t e n t t h a n s e c r e t i n i n t h e 

b i o a s s a y s u s e d . 

C o n s e q u e n t l y , the r a p i d l o s s o f p o t e n c y i n v i t r o a p p e a r s t o be c a u s e d by a 

r e v e r s i b l e p h y s i c a l a d s o r p t i o n on g l a s s o r s y n t h e t i c m a t e r i a l s . T h i s c a n be 

p r e v e n t e d by t h e a d d i t i o n o f BSA. 
Some c h e m i c a l r e a c t i o n s , l i k e t h e Asp^( a + B)-rearrangement, s p l i t t i n g o f t h e 

p e p t i d e c h a i n , and p o s s i b l y t h e A s p ^ ^ ( a + g ) - r e a r r a n g e m e n t p r o c e e d o n l y s l o w l y . 
T h i s may e x p l a i n a s l o w l o s s o f b i o l o g i c a l p o t e n c y i n v i t r o . G l u ( a + y ) -
r e a r r a n g e m e n t s , d e a m i d a t i o n o f G i n , and r a c e m i z a t i o n c o u l d n o t be d e t e c t e d . 
Whether t h e s e r e a c t i o n s have any s i g n i f i c a n c e i n t h e i n v i v o i n a c t i v a t i o n o f 
s e c r e t i n r e m a i n s t o be answered. 

I n t h i s c h a p t e r no d i r e c t c o r r e l a t i o n between b i o l o g i c a l p o t e n c y and 
c h e m i c a l c h a r a c t e r i s t i c s o f s e c r e t i n can be d e s c r i b e d . O n l y a d i r e c t 
c o m p a r i s o n o f a s u f f i c i e n t l a r g e number of d a t a f o r v a r i o u s s e c r e t i n samples 
p e r m i t s q u a n t i t a t i v e c o n c l u s i o n s about the s t a b i l i t y o f s e c r e t i n . 
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4.1 INTRODUCTION 

The Asp (a-*-6)-rearrangement was g e n e r a l l y t h o u g h t t o be r e s p o n s i b l e f o r t h e 
i n a c t i v a t i o n o f s e c r e t i n . I n s e c r e t i n two Asp r e s i d u e s o c c u r ( F i g . 4 . 1 ) : Asp , 
f o l l o w e d by G l y 4 , and Asp*- 3, f o l l o w e d by S e r ^ . 

H i s - S e r - A s p - G l y - T h r - P h e - T h r - S e r - G l u -
1 2 3 4 5 6 7 8 9 

- L e u - S e r - A r g - L e u - A r g - A s p - S e r - A l a - A r g -

10 11 12 13 14 15 16 17 18 

- L e u - G l n - A r g - L e u - L e u - G l n - G l y - L e u - V a l - N H 2 

19 20 21 22 23 24 25 26 27 

F i g . 4.1 The sequence of s e c r e t i n and model p e p t i d e s ( u n d e r l i n e d ) 

I t i s known, f r o m i n v e s t i g a t i o n s w i t h s m a l l p r o t e c t e d p e p t i d e s , t h a t t h e 

o c c u r r e n c e o f t h e A s p ( a + 3 ) - r e a r r a n g e m e n t i s s t r o n g l y dependent on the amino 

a c i d r e s i d u e t h a t f o l l o w s t h e Asp r e s i d u e ( 4 7 , 49) i n t h e sequence. The 

re a r r a n g e m e n t o c c u r s r e l a t i v e l y f a s t i f t h i s i s a S e r , T h r , o r G l y r e s i d u e . I n 

the sequences - A s p - G l y - t h e Asp( o - » - 8)-rearrangement i s n o t s e r i o u s l y h i n d e r e d 

by a s t e r i c a l l y b u l k y s i d e - c h a i n o f t h e f o l l o w i n g G l y r e s i d u e . I n t h e 

sequences - A s p - S e r - or - A s p - T h r - t he A s p ( a + B ) - r e a r r a n g e m e n t m i g h t be c a t a l y z e d 

by t h e h y d r o x y l group i n t h e s i d e - c h a i n of the f o l l o w i n g Ser o r Thr r e s i d u e 

( F i g . 4 . 2 ) . We d e c i d e d n o t o n l y t o s t u d y t h e b e h a v i o u r o f an A s p - G l y sequence, 

but a l s o o f an As p - S e r sequence. 

We chose S ( l - 6 ) - N H 2 and S(13-18) as model p e p t i d e s . I n t h e s e p e p t i d e s t he 

d i r e c t e n v i r o n m e n t of t h e A s p - r e s i d u e s i s s i m i l a r t o t h a t i n s e c r e t i n , so f a r 

as p o s s i b l e i n model p e p t i d e s ( F i g . 4 . 1 ) . We s y n t h e s i z e d S ( l - 6 ) - N H 2 , 

[ 8 - A s p 3 ] - S ( l - 6 ) - N H 2 , [ a s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 , S ( 1 3 - 1 8 ) , and [ 0 - A s p 1 5 ] - S ( 1 3 - 1 8 ) . 
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D u r i n g t h e e x p e r i m e n t s w i t h the model p e p t i d e s we met some u n f o r e s e e n 

phenomena, v i z . a p e p t i d e c h a i n c l e a v a g e and a s l o w h y d r o l y s i s of t h e 

g-Asp-Ser- p e p t i d e bond w i t h t r y p s i n . I n o r d e r t o be a b l e t o s t u d y t h e s e 

phenomena more e x t e n s i v e l y we s y n t h e s i z e d S(4-6)-NH2» S ( 1 3 - 1 4 ) , and S ( 1 5 - 1 8 ) . 

I n t h i s c h a p t e r the p r e p a r a t i o n and some p r o p e r t i e s o f the model p e p t i d e s 

a r e d e s c r i b e d . The p e p t i d e S ( l - 6 ) - N H 2 has a l s o been s y n t h e s i z e d by O n d e t t i 

e t a l . ( 4 6 ) , as a model p e p t i d e i n o r d e r t o s t u d y p r o b l e m s i n t h e s y n t h e s i s 

o f s e c r e t i n . 

A 
0 0 O H C H R 

^ C - O H / C - N - C H - C -
H C H _ _> H C H , \ , _ u U _^ H C H - 6 i ' 2 = i i i 2 N - C H - C - ^ 1 1 ^ 

- N - C H 0 ^ - N - C H , V ^ - N - C H 
N

C - N - C H - C - X C i T - O H 

0 H C H R 

V 
I 

H 

OH 

F i g . 4.2 The Asp( a-»-8)-rearrangement i n p e p t i d e s 
R=H: A s p - S e r ; R=CH 3: Asp-Thr 

4.2 EXPERIMENTS AND RESULTS 

P r o t e c t e d S ( l - 6 ) - N H 2 was s y n t h e s i z e d as shown i n F i g . 4.3. The N i m ~ T o s 

p r o t e c t i o n was removed by t r e a t m e n t w i t h p y r i d i n e . H C 1 (56) and t h e p r o d u c t was 

p u r i f i e d by g e l p e r m e a t i o n c h r o m a t o g r a p h y . D e p r o t e c t i o n by a c i d o l y s i s w i t h TFA 

y i e l d e d a p r a c t i c a l l y p ure S ( l - 6 ) - N H 2 (HPLC, TLC, amino a c i d a n a l y s i s ( T a b l e 

4 . 1 ) ) . 

P r o t e c t e d [ a s p a r t o y l ] - S ( l - 6 ) - N H 2 was s y n t h e s i z e d as shown i n F i g . 4.4. 

D e p r o t e c t i o n by a c i d o l y s i s w i t h H F / a n i s o l e f o l l o w e d by p u r i f i c a t i o n by HPLC 

y i e l d e d a p r a c t i c a l l y p ure [ a s p a r t o y l ] - S ( l - 6 ) - N H 2 (HPLC, TLC, amino a c i d 

a n a l y s i s ( T a b l e 4 . 1 ) ) . 

P r o t e c t e d [ 8 - A s p 3 ] - S ( l - 6 ) - N H 2 was s y n t h e s i z e d as shown i n F i g . 4.5. A f t e r 

t r e a t m e n t w i t h p y r i d i n e . H C 1 , g e l p e r m e a t i o n c h r o m a t o g r a p h y and t r e a t m e n t w i t h 

TFA a p r a c t i c a l l y p ure [ g - A s p 3 ] - S ( l - 6 ) - N H 2 was o b t a i n e d (HPLC, TLC, amino a c i d 

a n a l y s i s ( T a b l e 4 . 1 ) ) . 

P r o t e c t e d S ( 1 3 - 1 8 ) - 0 C H 3 was s y n t h e s i z e d as shown i n F i g . 4.6. 

D e p r o t e c t i o n by a c i d o l y s i s w i t h H F / a n i s o l e y i e l d e d a p r o d u c t w h i c h d i d n o t 

c o n t a i n any s i g n i f i c a n t [ a s p a r t o y l * ^ ] - S ( 1 3 - 1 8 ) , a c c o r d i n g t o amino a c i d 



45 

a n a l y s i s a f t e r e nzymic h y d r o l y s i s ( L A P ) . D u r i n g s t o r a g e o f t h i s c r u d e 
S (13-18)-OCH 3 i n 0.1 M ammonium a c e t a t e , a d j u s t e d t o pH 7.5, f o r 250 h a t 
50 °C a r e a c t i o n m i x t u r e was o b t a i n e d w i t h S(13-18) and [ 8 - A s p 1 5 ] - S ( 1 3 - 1 8 ) a s 

th e main p r o d u c t s . These p r o d u c t s were p u r i f i e d by p r e p a r a t i v e HPLC, w h i c h 

y i e l d e d p r a c t i c a l l y pure S(13-18) and [ 0 - A s p 1 5 ] - S ( 1 3 - 1 8 ) (HPLC, TLC, amino 
a c i d a n a l y s i s ( T a b l e 4 . 1 ) ) . 

P r o t e c t e d S(15-18) was o b t a i n e d s t a r t i n g w i t h p r o t e c t e d S(16-18)-OCH 3, an 
i n t e r m e d i a t e i n t h e s y n t h e s i s of S(13-18) ( F i g . 4 . 6 ) . A f t e r base c a t a l y z e d 
h y d r o l y s i s and t r e a t m e n t w i t h TFA, B o c - A s p ( 0 B z l ) - 0 N p was c o u p l e d . A f t e r 
p u r i f i c a t i o n by g e l p e r m e a t i o n c h r o m a t o g r a p h y t h e p r o t e c t i n g g r o u p s were 
removed by a c i d o l y s i s w i t h TFA, f o l l o w e d by c a t a l y t i c h y d r o g e n o l y s i s . A f t e r 
p u r i f i c a t i o n by i o n - e x c h a n g e c h r o m a t o g r a p h y , a p r a c t i c a l l y p ure p r o d u c t was 
o b t a i n e d (HPLC, TLC, amino a c i d a n a l y s i s ( T a b l e 4 . 1 ) ) . 

P r o t e c t e d S(13-14)-0CH3 was o b t a i n e d a f t e r c o u p l i n g Boc-Leu t o 
Arg(N02)-0CH2 by t h e mixed a n h y d r i d e method. A f t e r base c a t a l y z e d h y d r o l y s i s o f 
th e m e t h y l e s t e r , t r e a t m e n t w i t h TFA, c a t a l y t i c h y d r o g e n o l y s i s , and p u r i f i c a t i o n 
by i o n - e x c h a n g e c h r o m a t o g r a p h y a p r a c t i c a l l y p ure p r o d u c t was o b t a i n e d (HPLC, 
TLC, amino a c i d a n a l y s i s ( T a b l e 4 . 1 ) ) . 

The p e p t i d e S(4-6)-NH2 was o b t a i n e d as an i n t e r m e d i a t e i n t h e s y n t h e s i s o f 
S ( l - 6 ) - N H 2 . T h i s p e p t i d e was p r a c t i c a l l y p ure a c c o r d i n g t o amino a c i d a n a l y s i s 
( T a b l e 4 . 1 ) , HPLC and TLC. 

His 

B o c -

B o c 

Sen 

Tos 
-OH , Z-

Joc .d 

tBu 
Z - ^ - O H 

A s p 

|a.c,d 

Gly Thr Phe 

tBu 
- O H ! Z . 

|a.c,e 

B o c -

-0H . B o c -
jb.c 

B z l 
L 0 H . Z -

Ja.c.d 
- N H , 

-NH, 

• N H , 

- N H , 

- N H , 

-NH, 

F i g . 4 . 3 The s y n t h e s i s of p r o t e c t e d S ( l - 6 ) - N H 2 

a D e p r o t e c t i o n by c a t a l y t i c h y d r o g e n o l y s i s a t am b i e n t t e m p e r a t u r e , 
b D e p r o t e c t i o n by a c i d o l y s i s w i t h TFA (30 min, ambient t e m p e r a t u r e ) , 
c C o u p l i n g by the e x c e s s mixed a n h y d r i d e method. 

d R e a c t i o n c o n d i t i o n s f o r h y d r o g e n o l y s i s : 80% aqueous a c e t i c a c i d ; 4 - 8 h. 

e R e a c t i o n c o n d i t i o n s f o r h y d r o g e n o l y s i s : 80% aqueous a c e t i c a c i d ; 2 4 h. 
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His S e r A s p Gly Thr P h e 

B o c -

B o c - ^ 

B z l 
B o c - K - O H 

T o s 
- O H | B o c -

lb .c 

B o c -

• B o c -
|b.c 

Z -
B z l 
- O H , Z -

Ja.c.e 

B o c -

-0H | Boc-
lb ,c 

B o c -

B z l 
- O H . Z -

la.cd 
- N H - , 

- N H . , 

- N H - , 

- N H - , 

- N H - , 

- N H - , 

• NH- , 

F i g . 4.4 The s y n t h e s i s of p r o t e c t e d [ a s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 
a-e See F i g . 4.3. 
f See e x p e r i m e n t a l p a r t ( p . 5 2 ) . 

His Se r Asp Giy Th r P h e 

B o c -

B o c -

Z -
T o s 
- O H I Z -

|a,c,f 

N p s -

t B u 
'-0H | N p s -

Jc,e 

B o c - - i 

- O H . B o c -
t B u jb.c 

B o c -

-0H I B o c -
|b,c 

B z l 
- O H 

la ,c .d 
Z - - N H - , 

- N H - , 

- N H - , 

- N H 0 

- N H - , 

• N H i 

F i g . 4.5 The s y n t h e s i s o f p r o t e c t e d [ S-Asp- 3]-S( l - 6 ) - N H 2 

a-d See F i g . 4.3. 

e D e p r o t e c t i o n by a c i d o l y s i s by HC1 i n m e t h a n o l , 
f 80% aqueous a c e t i c a c i d ; 30 h. 



L e u A r g A s p Ser 

Boc-

Boc-4-OH , Boc-
| a ,b 

Boc-

Boc 
N 0 2 

- O H B o c - K 
|a ,b 

Boc 
Bzl 
- O H . Boc-|i 

|a,b 

A l a 

Boc OH 

A r g 

Bzl 
- O H , Boc-

|a.b 

L. 

NO '2 
a-u 

- O C H 1 

- ^ - O C H , 

- 0 C H 3 

- ^ 0 C H 3 

- i - 0 C H o 

F i g . 4.6 The s y n t h e s i s o f p r o t e c t e d S(13-18)-OCH 3 

a D e p r o t e c t i o n by a c i d o l y s i s w i t h TFA (30 m i n , ambient t e m p e r a t u r e ) , 
b C o u p l i n g by t h e e x c e s s mixed a n h y d r i d e method. 

E x p e r i m e n t a l d a t a of t h e s y n t h e s e s a r e summarized i n T a b l e 4.3. 
Some e l e c t r o p h o r e t i c d a t a of S ( l - 6 ) - N H 2 , [ 8 - A s p 3 ] - S ( l - 6 ) - N H 2 , and 

o 
[ a s p a r t o y l ] - S ( l - 6 ) - N H 2 a r e p r e s e n t e d i n T a b l e 4.2. 

C h r o m a t o g r a p h i c d a t a o f t h e s y n t h e t i c p e p t i d e s a r e g i v e n i n T a b l e 4.4. 
The s t a b i l i t y o f [ a s p a r t o y l ] - S ( l - 6 ) - N H 2 , u nder the c i r c u m s t a n c e s t h a t 

o c c u r d u r i n g e.g. enzymic h y d r o l y s i s w i t h t r y p s i n , was s t u d i e d w i t h t h e a i d 
HPLC ( T a b l e 4 . 5 ) . 
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T a b l e 4.1 Amino a c i d a n a l y s e s o f model p e p t i d e s 

H i s S e r Asp G l y Thr Phe 

S ( l - 6 ) - N H 2 a 1.01 0.90 0.99 1.02 0.95 0.98 
b 1 .01 0.96 0.99 0.98 1.04 1 .01 

[ S - A s p 3 ] - S ( l -6)-NH 2 a 1.02 0.85 0.94 1.03 0.97 1.00 
b 0.99 0.98 0.08 0.08 0.12 1.01 

[ A s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 a 1.00 0.87 1.01 1.00 0.93 0.98 
b 1.14 0.86 0.13 0.13 0.15 0.22 

S ( 4 - 6 ) - N H 2 a 1.00 0.96 1.00 
b 0.99 1.01 1.00 

Leu Arg+ Asp Ser A l a 
Orn 

S(13-18) a 0.96 1.97 1.05 0.87 0.92 
b 1.06 1.92 1.01 1.01 1.01 

[ 0 - A s p 1 5 ] - S ( 1 3 - 1 8 ) a 1.05 1.91 1.05 0.82 0.94 
b 1.00 1.31 0.04 0.03 0.48 

S(13-14) a 1.01 0.99 
b 1.01 0.99 

S(15-18) a 1.02 1.02 0.81 0.95 
b 1.01 1.03 0.97 1.00 

a A c i d i c h y d r o l y s i s (6 M H C l , 24 h, 110 ° C ) . 

b Enzymic h y d r o l y s i s ( LAP, 24 h, 37 ° C ) . 

T a b l e 4.2 Paper e l e c t r o p h o r e s i s of S ( l - 6 ) - N H ? and a n a l o g u e s 

S ( l - 6 ) - N H 2 [ e - A s p 3 ] - S ( l - 6 ) - N H 2 [ A s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 

R f
 a ' b 0.66 0.62 0.58 

R f
 a , c 0.29 0.27 0.80 

a Compared w i t h t h e b e h a v i o u r of H i s : R^ ^ g = 1. 
b A c e t i c a c i d / f o r m i c a c i d / w a t e r 15:5:100; pH 1.9. 
c P y r i d i n e / a c e t i c a c i d / w a t e r 10:1:90; pH 6.5. 



T a b l e 4.3 E x p e r i m e n t a l d a t a o f t h e s y n t h e s e s o f model p e p t i d e s 

P r o t e c t e d p e p t i d e s D e p r o t e c t i o n P u r i f i c a t i o n 
Method S t a r t i n g Y i e l d Method S t a r t i n g Y i e l d 

m a t e r i a l (mg) m a t e r i a l (mg) 
(mg) (mg) 

B o c - H i s ( T o s ) - S e r ( t B u ) - A s p ( O t B u ) - G l y - T h r - P h e - N H 2 p y r i d i n e . H C 1 ; T F A 150 100 
B o c - H i s ( T o s ) - S e r ( t B u ) - A s p - G l y - T h r - P h e - K H 2 H F / a n i s o l e 250 191 H P L C a 5.5 3.5 
B o c - H i s ( T o s ) - S e r ( t B u ) - A s p ( c t - 0 t B u ) - G l y - T h r - P h e - N H 2 p y r i d i n e . H C 1 ; T F A 22 10 
B o c - L e u - A r g ( N 0 2 ) - A s p ( O B z l ) - S e r ( B z l ) - A l a - A r g ( N 0 2 ) - O C H 3 H F / a n i s o l e 364 230 H P L C b 30 7 C 

8.5 d 

B o c - A s p ( O B z l ) - S e r ( B z l ) - A l a - A r g ( N0 2)-OH TFA;H 2,Pd/C e 500 550 I on-exchange 

7 C 

8.5 d 

c h r o m a t o g r a p h y ^ 65 31 
B o c - L e u - A r g ( N 0 2 ) - O C H 3 NaOH;TFA;H 2,Pd/C e 446 432 I on-exchange 

c h r o m a t o g r a p h y ^ 30 45 

a P o l y g o s i l C18, 10 urn (20 x 0.9 cm I . D . ) ; m e t h a n o l / w a t e r / T F A 15:85:0.5; a m b i e n t t e m p e r a t u r e . 
b S ( 1 3 - 1 8 ) - 0 C H 3 was d i s s o l v e d i n 0.1 M ammonium a c e t a t e , a d j u s t e d t o pH 7.5 ( c = 10 mg/ml). A f t e r s t o r a g e f o r 250 h 

a t 50 °C, the s o l u t i o n was l y o p h l l i z e d . The r e s u l t i n g m i x t u r e was chr o m a t o g r a p h e d ( L i C h r o s o r b RP-18, 10 urn 
(20 x 0.9 cm I . D . ) ; m e t h a n o l / w a t e r / T F A 14:86:0.5; ambient t e m p e r a t u r e ) . 

c [ 8 - A s p 1 5 ] - S ( 1 3 - 1 8 ) . 
d S ( 1 3 - 1 8 ) . 
e 80% aqueous a c e t i c a c i d . 
f DEAE-Sephadex C-25; 0.01 M NH 4HC0 3 (pH 6 . 0 ) . 
g SP-Sephadex C-25; 0.01 M NH AHC0 3 (pH 5 . 7 ) . 
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T a b l e 4.4 C h r o m a t o g r a p h i e d a t a of model p e p t i d e s 

R f
 a ' b R f

 a ' c R f
 a ' d k' e ' f k' e>8 

S ( l - 6 ) - N H 2 0.24 0.12 6.3 

[ß-Asp 3]-S(l-6)-NH 2 0.19 0.09 5.4 

[ A s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 0.17 0.18 6.3 
S ( 4 - 6 ) - N H 2 0.49 0.40 3.9 
S(13-18) 0.05 3.2 

[ß-Asp 1 5]-S(13-18) 0.04 2.2 

S(13-14) 0.22 0.18 

S(15-18) 0.06 0.03 

a TLC; s i l l c a g e l . 

b n - A m y l a l c o h o l / p y r i d i n e / w a t e r 7:7:6. 

c B u t a n o l / p y r i d i n e / a c e t i c a c i d / w a t e r 4 5 : 2 0 : 6 : 2 4 . 

d B u t a n o l / p y r i d i n e / a c e t i c a c i d / w a t e r 60:20:6:24. 

e HPLC; P o l y g o s i l C18, 10 um (30 x 0.4 cm I . D . ) , 30 °C. 
f t f e t h a n o l / w a t e r / T F A 15:85:0.25. 
g M e t h a n o l / w a t e r / T F A 5:95:0.25. 

T a b l e 4.5 The s t a b i l i t y o f [ a s p a r t o y l 3 ] - S ( l - 6 ) - N H 7 

S o l v e n t R e a c t i o n t i m e a P r o d u c t d i s t r i b u t i o n 

I I I 

0.1 M ammonium a c e t a t e , pH 7.5 72 h 33 67 

pH 5.0 72 h 94 6 

pH 2.5 72 h 100 c 

1% NH 4HC0 3; pH 7.9 10 min 75 25 

40 min 32 68 

85 min 21 79 

150 m i n 22 78 

a [ A s p a r t o y l ] - S ( l - 6 ) - N H 2 was d i s s o l v e d ( c = 0.15 mg/ml) and a f t e r s t o r a g e a t 

ambient t e m p e r a t u r e the r e a c t i o n m i x t u r e was a n a l y s e d w i t h t h e a i d o f HPLC. 

b The r e l a t i v e peak a r e a has been g i v e n (UV d e t e c t i o n a t 205 nm). 

I : S ( l - 6 ) - N H 2 and [ a s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 ; I I : [ g - A s p 3 ] - S ( l - 6 ) - N H 2 . 

c R e l a t i v e peak a r e a < 2%. 
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4.3 EXPERIMENTAL PART 

Re a g e n t s , s o l v e n t s , and amino a c i d d e r i v a t i v e s were p u r c h a s e d , e x c e p t 
Nps-Asp(a-OtBu).DCHA, Arg(N0 2)-OCH 3.HC1, Z-Val-NH 2, and B o c - A s p ( O B z l ) - O N p , 
w h i c h were p r e p a r e d i n t h i s l a b o r a t o r y . 

F o r t h e t e c h n i q u e o f c o u p l i n g o f p r o t e c t e d amino a c i d s by the REMA method 
we r e f e r t o c h a p t e r 2. The p r o t e c t e d p e p t i d e s were i s o l a t e d as d e s c r i b e d i n 
c h a p t e r 2 o r by e x t r a c t i o n o f t h e r e a c t i o n m i x t u r e w i t h e t h y l a c e t a t e , w a s h i n g 
o f the o r g a n i c l a y e r w i t h w a t e r , d r y i n g of the o r g a n i c l a y e r (MgSO^), and 
e v a p o r a t i o n , a f t e r f i l t r a t i o n , o f t h e o r g a n i c l a y e r i n v a c u o . I f t h e e x c e s s o f 
the p r o t e c t e d amino a c i d c o u l d n o t be removed s a t i s f a c t o r i l y by e x t r a c t i o n t h e 
p r o d u c t m i x t u r e was c h r o m a t o g r a p h e d on a column, f i l l e d w i t h a l u m i n i u m o x i d e 
( M e r c k , D a r m s t a d t , GFR; a c t i v i t y I (20 x 2.5cm I.D.) w i t h c h l o r o f o r m / m e t h a n o l 
m i x t u r e s as t h e e l u e n t , a f t e r w h i c h t h e main f r a c t i o n s were c o l l e c t e d and 
e v a p o r a t e d i n v a c u o . The Boc-group was removed by a c i d o l y s i s i n TFA o r 
T F A/CH 2C1 2 ( 1 : 1 ) , a n a l o g o u s l y t o t h e p r o c e d u r e d e s c r i b e d i n c h a p t e r 2. The Z-
group was removed by c a t a l y t i c h y d r o g e n o l y s i s , a n a l o g o u s l y t o the p r o c e d u r e as 
w i l l be d e s c r i b e d f o r t h e d e p r o t e c t i o n o f Z - S e r ( t B u ) - A s p ( O t B u ) - G l y - T h r - P h e - N H 2 

( p . 5 2 ) . The r e m o v a l o f s i d e - c h a i n p r o t e c t i n g g r o u p s by c a t a l y t i c 
h y d r o g e n o l y s i s was p e r f o r m e d a n a l o g o u s l y t o t h e r e m o v a l o f t h e Z-group. The 
Tos-group was removed by t r e a t m e n t w i t h p y r i d i n e . H C 1 , a n a l o g o u s l y t o t h e 
p r o c e d u r e as w i l l be d e s c r i b e d f o r t h e d e p r o t e c t i o n o f B o c - H i s ( T o s ) - S e r ( t B u ) -
A s p ( O t B u ) - G l y - T h r - P h e - N H 2 ( p . 5 2 ) . The h y d r o l y s i s o f the m e t h y l e s t e r was 
p e r f o r m e d a n a l o g o u s l y t o the p r o c e d u r e as w i l l be d e s c r i b e d f o r t h e h y d r o l y s i s 
o f B o c - S e r ( B z l ) - A l a - A r g ( N 0 2 ) - O C H 3 ( p . 5 3 ) . The r e m o v a l o f p r o t e c t i n g groups by 
a c i d o l y s i s w i t h t h e a i d o f H F / a n i s o l e , t h e p u r i f i c a t i o n o f p e p t i d e s by i o n -
exchange c h r o m a t o g r a p h y o r HPLC, and the amino a c i d a n a l y s i s were p e r f o r m e d 
a n a l o g o u s l y t o the p r o c e d u r e s as d e s c r i b e d i n c h a p t e r 2. The a c i d i c and 
e nzymic h y d r o l y s e s o f p e p t i d e s were p e r f o r m e d as d e s c r i b e d i n c h a p t e r 2. 
RP-HPLC was p e r f o r m e d on o c t a d e c y l s i l y l - s i l i c a w i t h m e t h a n o l / w a t e r / T F A 
m i x t u r e s as t h e e l u e n t s . The f i n a l p r o d u c t s were a n a l y s e d on N u c l e o s i l C18, 
5 urn (15 x 0.4 cm I.D.) o r P o l y g o s i l C18, 10 un (30 x 0.4 cm I.D.) (UV-
d e t e c t i o n a t 205 nm). TLC was p e r f o r m e d as d e s c r i b e d i n c h a p t e r 2. The f i n a l 
p r o d u c t s were a n a l y s e d i n t h e TLC systems m e n t i o n e d i n T a b l e 4.4. 
E l e c t r o p h o r e s i s was p e r f o r m e d on paper (Whatman n r I , 1200 V; 40 mA, -5 ° C ) . 
The s p o t s were made v i s i b l e by s p r a y i n g w i t h n i n h y d r i n , f o l l o w e d by h e a t i n g 
f o r about 15 min (110 ° C ) . 
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THE SYNTHESIS OF PROTECTED [ A S P A R T O Y L J ] - S ( l - 6 ) - N H 2 

B o c - H i s ( T o s ) - S e r ( B z l ) - A s p ( O B z l ) - G l y - T h r - P h e - N H 2 (0.28 g, 0.26 mmol) was 
d i s s o l v e d i n 20 ml o f m e t h a n o l . NMM (30 u l , 0.27 mmol) was added. The r e a c t i o n 
was m o n i t o r e d w i t h t h e a i d o f HPLC. A f t e r s t o r a g e f o r 70 min a t a m b i e n t 
t e m p e r a t u r e the m i x t u r e was added d r o p w i s e t o 80 ml o f i c e w a t e r . The 
p r e c i p i t a t e formed t h u s was f i l t e r e d o f f , washed w i t h w a t e r and d r i e d i n v a c u o . 
Y i e l d : 0.25 g (0.25 mmol; 9 7 % ) . 

THE DEPR0TECTI0N OF Nps-Asp( c t - O t B u ) - G l y - T h r ( B z l ) - P h e - N H 2 

N p s - A s p ( a - O t B u ) - G l y - T h r ( B z l ) - P h e - N H 2 (150 mg; 0.20 mmol) was d i s s o l v e d i n 25 ml 
o f m e t h a n o l . A s o l u t i o n of 0.05 M HC1 i n m e t h a n o l was added d r o p w i s e t o t h e 
p e p t i d e s o l u t i o n a t ambient t e m p e r a t u r e , so t h a t pH > 4. The r e a c t i o n was 
m o n i t o r e d by TLC. A f t e r c o m p l e t i o n o f t h e r e a c t i o n t h e r e a c t i o n m i x t u r e was 
c o n c e n t r a t e d i n v a c u o , t r i t u r a t e d w i t h e t h e r , t h e p r e c i p i t a t e was f i l t e r e d o f f 
and d r i e d i n v a c u o . 

The r e s i d u e was c o u p l e d t o Z - S e r ( t B u ) by the e x c e s s mixed a n h y d r i d e method. 
Y i e l d : 142 mg (0.16 mmol; 8 1 % ) . 

THE DEPROTECTION OF Z - S e r ( t B u ) - A s p ( O t B u ) - G l y - T h r - P h e - N H 2 

Z - S e r ( t B u ) - A s p ( O t B u ) - G l y - T h r - P h e - N H 2 (0.38 g, 0.49 mmol) was d i s s o l v e d i n 
25 ml o f 80% aqueous a c e t i c a c i d . To t h i s s o l u t i o n 100 mg o f t h e c a t a l y s t ( 1 0 % 
Pd on c h a r c o a l ; D r i j f h o u t , Amsterdam, H o l l a n d ) was added. The m i x t u r e was 
s t i r r e d u n d e r a h y d r o g e n atmosphere f o r 8 h. The c a t a l y s t was f i l t e r e d o f f , 
washed w i t h a c e t i c a c i d , and t h e f i l t r a t e was l y o p h i l i z e d . 

The r e s i d u e was c o u p l e d t o B o c - H i s ( T o s ) by t h e e x c e s s mixed a n h y d r i d e 
method. 
Y i e l d : 0.33 g (0.32 mmol, 6 5 % ) . 

THE DEPR0TECTI0N OF PROTECTED S ( l - 6 ) - N H 2 

P r o t e c t e d S ( l - 6 ) - N H 2 (0.15 g; 0.15 mmol) was d i s s o l v e d i n 3 ml o f DMF. 
P y r i d i n e . H C 1 (174 mg; 1.5 mmol) was added t o t h i s s o l u t i o n . A f t e r s t o r a g e f o r 
5 h t h e s o l u t i o n was c h r o m a t o g r a p h e d (Sephadex LH-20; DMF). The f r a c t i o n s 
c o n t a i n i n g the main p r o d u c t were c o l l e c t e d , c o n c e n t r a t e d i n v a c u o , and 
l y o p h i l i z e d f r o m a c e t i c a c i d . 
Y i e l d : 0.12 g. 
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T h i s p r o d u c t was d i s s o l v e d i n 12 ml of TFA. A f t e r s t o r a g e f o r 4 h, 100 ml o f 
a c e t i c a c i d was added and the s o l u t i o n was l y o p h i l i z e d . 
Y i e l d : 0.10 g. 

THE SYNTHESIS OF B o c - A s p ( O B z l ) - S e r ( B z l ) - A l a - A r g ( N 0 2 ) 

B o c - S e r ( B z l ) - A l a - A r g ( N 0 2 ) - O C H 3 (2.1 g, 3.6 mmol) was d i s s o l v e d i n 30 ml o f 
d i o x a n and 3 ml o f w a t e r . To t h i s s o l u t i o n 4 ml o f 2 M NaOH was added. A f t e r 
s t i r r i n g f o r 30 min a t ambient t e m p e r a t u r e the pH o f the s o l u t i o n was a d j u s t e d 
t o pH - 4 w i t h 2 M HC1. A f t e r t he a d d i t i o n o f 100 ml o f w a t e r t h e s o l u t i o n was 
e x t r a c t e d w i t h e t h y l a c e t a t e . The o r g a n i c l a y e r was washed w i t h w a t e r , d r i e d 
(MgSO^), and, a f t e r f i l t r a t i o n , e v a p o r a t e d i n vac u o . 

The r e s u l t i n g o i l was d i s s o l v e d i n 30 ml o f TFA. A f t e r s t o r a g e f o r 30 min 
th e s o l u t i o n was e v a p o r a t e d , the p e p t i d e m a t e r i a l was t r i t u r a t e d w i t h e t h e r , 
f i l t r a t e d , washed w i t h e t h e r and d r i e d i n v a c u o . 

The r e s u l t i n g o i l was d i s s o l v e d i n 5 ml of DMF. The pH of t h e s o l u t i o n was 
a d j u s t e d t o pH 7 ( w i t h NMM) and NMM (0.4 m l , 3.6 mmol) was added. 
B o c - A s p ( 0 B z l ) - 0 N p (2.0 g, 4.5 mmol) was added. A f t e r s t i r r i n g f o r 48 h a t 
ambient t e m p e r a t u r e the r e a c t i o n m i x t u r e was c o n c e n t r a t e d i n v a c u o . The 
r e s u l t i n g o i l was chromatographed i n seve n p o r t i o n s (Sephadex LH-20 
(90 x 2.5 cm I . D . ) , m e t h a n o l ) . The main f r a c t i o n s were c o l l e c t e d , e v a p o r a t e d 
i n v a c u o , and l y o p h i l i z e d f r o m a c e t i c a c i d . 
Y i e l d : 2.4 g (3.1 mmol, 8 5 % ) . 

4.4 CONCLUSIONS 

The p e p t i d e s S ( l - 6 ) - N H 2 , [ a s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 , [ 8 - A s p 3 ] - S ( l - 6 ) - N H 2 , S ( 1 3 -

18) , and [ 8 - A s p 1 5 ] - S ( 1 3 - 1 8 ) have been s y n t h e s i z e d . 

I t was p o s s i b l e t o s e p a r a t e S ( l - 6 ) - N H 2 and [ 8 - A s p 3 ] - S ( l - 6 ) - N H 2 by r e v e r s e -

phase HPLC i n s e v e r a l s y s t e m s . I t was n o t p o s s i b l e t o s e p a r a t e S ( l - 6 ) - N H 2 and 
o 

[ a s p a r t o y l ] - S ( l - 6 ) - N H 2 i n any o f t h e s e systems ( 9 6 ) . I n w e a k l y b a s i c 
o 

s o l u t i o n , however, a m i x t u r e of S ( l - 6 ) - N H 2 and [8-Asp ] - S ( l - 6 ) - N H 2 i s r a p i d l y 

formed from [ a s p a r t o y l ] - S ( l - 6 ) - N H 2 . T h i s makes i t p o s s i b l e t o e s t i m a t e t h e 

amount of [ a s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 t h a t i s p r e s e n t t o g e t h e r w i t h S ( l - 6 ) - N H 2 . A 

p o s s i b l e Asp ( a + 8 ) - r e a r r a n g e m e n t can be f o l l o w e d t h u s by H P L C - a n a l y s i s . 
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The p e p t i d e s S(13-18) and [ g - A s p 1 5 ] - S ( 1 3 - 1 8 ) c o u l d be s e p a r a t e d by r e v e r s e -
phase HPLC i n s e v e r a l s y s t e m s . [ A s p a r t o y l * ^ ] - S ( 1 3 - 1 8 ) has n o t been 
s y n t h e s i z e d . I n v i e w of t h e r e s u l t s o b t a i n e d w i t h S ( l - 6 ) - N H 2 and a n a l o g u e s i t 
i s r e a s o n a b l e t o e x p e c t , t h a t t h e amount of [ a s p a r t o y l ^ ] - S ( 13-18) c a n be 
e s t i m a t e d i n the same way as d e s c r i b e d f o r [ a s p a r t o y l ] - S ( l - 6 ) - N H 2 • 

The p e p t i d e s S ( 4 - 6 ) - N H 2 , S ( 1 3 - 1 4 ) , and S(15-18) have been s y n t h e s i z e d . 
These p e p t i d e s were used t o s t u d y some phenomena o b s e r v e d d u r i n g e x p e r i m e n t s 
w i t h model p e p t i d e s , as d e s c r i b e d i n c h a p t e r 3. 
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5. SYNTHESIS AND SOME PROPERTIES OF [ASPARTOYL 3]-SECRETIN, [ 8-ASP 3]-SECRETIN, 
AND SECRETIN(4-27) 

5.1 INTRODUCTION 

S e v e r a l w o r k e r s have r e p o r t e d t h a t s e c r e t i n r a p i d l y l o s t b i o l o g i c a l p o t e n c y on 
s t o r a g e , e s p e c i a l l y i n aqueous s o l u t i o n . T h i s phenomenon was s t u d i e d i n o u r 
l a b o r a t o r y , as d e s c r i b e d i n c h a p t e r 3. We f o u n d t h a t i n s e c r e t i n an Asp (a+B)-
r e a r r a n g e m e n t ( F i g . 2.3) and an Asp - G l y bond c l e a v a g e t a k e p l a c e s l o w l y i n 
aqueous s o l u t i o n . I n o r d e r t o s t u d y t h e s e r e a c t i o n s we needed p o t e n t i a l 
r e a c t i o n p r o d u c t s . We w i s h t o r e p o r t h e r e t h e p r e p a r a t i o n , t h e b i o l o g i c a l and 
t h e i m m u n o l o g i c a l p o t e n c y , and some c h r o m a t o g r a p h i c p r o p e r t i e s o f 
[ a s p a r t o y l 3 ] - S , [ g - A s p 3 ] - S , and S ( 4 - 2 7 ) . These p e p t i d e s have been s y n t h e s i z e d 
by s e v e r a l g r o u p s , each w i t h a d i f f e r e n t s t r a t e g y , but i n s u f f i c i e n t d a t a were 
g i v e n t o be a b l e t o s t u d y i n t r a m o l e c u l a r r e a c t i o n s i n s e c r e t i n ( 9 , 16, 3 7 ) . 

5.2 EXPERIMENTS AND RESULTS 

The s y n t h e s e s o f s i d e - c h a i n p r o t e c t e d S(4-27) and f u l l y p r o t e c t e d [ 8-Asp ]-S 
were p e r f o r m e d a n a l o g o u s l y t o t h e s y n t h e s i s of p r o t e c t e d s e c r e t i n , as shown i n 
F i g . 2.1a. D e p r o t e c t i o n by c a t a l y t i c h y d r o g e n o l y s i s and s u c c e s s i v e p u r i f i c a t i o n 
by i o n - e x c h a n g e c h r o m a t o g r a p h y and by p r e p a r a t i v e r e v e r s e - p h a s e HPLC y i e l d e d 
p r a c t i c a l l y p ure p r o d u c t s (TLC, HPLC, amino a c i d a n a l y s e s ( T a b l e 5 . 2 ) ) . 

[ A s p a r t o y l ]-S was s y n t h e s i z e d as shown i n T a b l e 5.1. F o l l o w i n g t h i s 

s t r a t e g y , a p r a c t i c a l l y p u r e p r o d u c t was o b t a i n e d (TLC, HPLC, amino a c i d 

a n a l y s i s ( T a b l e 5 . 2 ) ) . 

T a b l e 5.1 S t r a t e g y f o r t h e s y n t h e s i s of [ a s p a r t o y l ] - s e c r e t i n 

1. S y n t h e s i s o f p r o t e c t e d s e c r e t i n , as shown i n F i g . 2.1b 
2. F o r m a t i o n of p r o t e c t e d [ a s p a r t o y l ]-S 
3. P r e p a r a t i v e HPLC p u r i f i c a t i o n o f p r o t e c t e d [ a s p a r t o y l 3 ] - S 
4. Removal o f p r o t e c t i n g g r o u p s w i t h t h e a i d o f H F / a n i s o l e 
5. P r e p a r a t i v e HPLC p u r i f i c a t i o n o f [ a s p a r t o y l ]-S 



T a b l e 5.2 Amino a c i d a n a l y s e s of a n a l o g u e s of s e c r e t i n ( S ) 

[ A s p a r t o y l J ] - S [ 0 - A s p j ] - S S ( 4 - 2 7 ) 
a b c c T h e o r y a c c Theory a c c T h e o r y 
d d d e d d e d d e 

Asp 1.69 1.82 2.05 1.01 2 (1.20 f»§) 1.87 2.00 1.00 2 (18) 0.95 1.04 0.97 1 
Thr 1.15 1.85 1.93 2 1.46 1.85 2 1.41 1.74 2 
Ser 1.66 3.17 3.50 4 2.91 3.32 4 2.34 2.56 3 
G l u 2.92 2.96 3.01 1.10 3 ( l h ) 2.92 2.93 0.98 3 ( l h ) 3.01 3.14 1.03 3 ( l h ) 
G l y 1.82 1.99 2.05 1.12 2 (1.20 f>S) 1.71 2.05 1.02 2 (1§) 1.92 2.12 1.89 2 
A l a 1.12 1.08 1.07 1.03 1 1.05 1.08 1.05 1 1.23 1.12 1.03 1 
V a l 1.00 1.02 1.00 1.14 1 1.00 0.97 1.03 1 1.08 1.04 1.01 1 
Leu 6.05 6.10 5.96 5.82 6 6.17 6.10 6.06 6 5.96 5.62 6.12 6 
Phe 0.81 0.96 0.98 0.87 1 0.81 0.98 0.91 1 0.76 0.94 0.91 1 
H i s 0.79 0.77 0.92 0.97 1 0.76 0.95 0.98 1 
Arg+Orn 3.91 3.84 3.96 3.92 4 3.86 3.95 3.88 4 3.77 3.98 4.04 4 

a Crude p r o t e c t e d p e p t i d e , 
b P u r i f i e d p r o t e c t e d p e p t i d e , 
c P u r i f i e d p e p t i d e . 

d A c i d i c h y d r o l y s i s (6 M HC1, 24 h, 110 ° C ) . G i n was d e t e r m i n e d as G l u . 
e Enzymic h y d r o l y s i s ( L A P , 24 h, 37 ° C ) . T h r , S e r , and G i n c o u l d n o t be d e t e r m i n e d . 
f E s t i m a t e s a f t e r e n z y m i c h y d r o l y s i s . 
g The g-Asp p e p t i d e bond was n o t h y d r o l y s e d w i t h LAP. 
h G l u = 1; G i n = 2. 



T a b l e 5.3 E x p e r i m e n t a l data of t h e s y n t h e s i s o f a n a l o g u e s of s e c r e t i n (S) 

P e p t i d e D e p r o t e c t i o n P u r i f i c a t i o n 
Msthod S t a r t i n g Y i e l d (mg) S t a r t i n g Y i e l d ( m g ) a S t a r t i n g Y i e l d ( m g ) b » c 

m a t e r i a l m a t e r i a l m a t e r i a l 
(mg) ( m g ) a ( m g ) b 

S(4-27) H 2 , Pd/C 43 26 26 6 6 d 0.5 
[ß-Asp 3]-S H 2 , Pd/C 110 90 90 18 4 e 1.5 
[ A s p a r t o y l 3 ] - S H F / a n i s o l e 33 26 7 e 2.5 

a Ion-exchange chromatography (SP-Sephadex C-25; 0.02 M NH 4HC0 3 (pH 6.1), f o l l o w e d by 0.05 M NH4HGO3 (pH 6 . 5 ) ) . 
b HPLC; m e t h a n o l / w a t e r / T F A 69:31:0.5; ambient t e m p e r a t u r e . 
c C o r r e c t e d f o r p e p t i d e c o n t e n t . A l l the o t h e r f i g u r e s have n o t been c o r r e c t e d , 
d P o l y g o s i l C18, 10 ym (20 x 0.8 cm I . D . ) . 
e L i C h r o s o r b RP-18, 10 un (20 x 0.8 cm I . D . ) . 

T a b l e 5.4 C h r o m a t o g r a p h i c data o f s e c r e t i n ( S ) and analogues 

s 5(4-27) [ 8-Asp 3]-S [ A s p a r t o y l 3 ] - S 

0.12 0.18 0.11 0.15 
2.2 3.2 2.2 2.2 

a TLC; s i l i c a g e l ; b u t a n o l / p y r i d i n e / a c e t i c a c i d / w a t e r 60:20:6:24. 

b HPLC; N u c l e o s i l C18, 7 im (15 x 0.4 cm I . D . ) ; m e t h a n o l / w a t e r 65:35 w i t h 0.01 M TFA; ambient t e m p e r a t u r e . 
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E x p e r i m e n t a l d a t a o f t h e s y n t h e s e s a r e g i v e n i n T a b l e 5.3. 
Some c h r o m a t o g r a p h i c d a t a o f t h e p e p t i d e s and s e c r e t i n , i n t h e systems u s e d 

i n o r d e r t o check the p u r i t y , a r e g i v e n i n T a b l e 5.4. E l e c t r o p h o r e t i c d a t a o f 
the p e p t i d e s and s e c r e t i n a r e g i v e n i n T a b l e 5.5. 

T a b l e 5.5 Paper e l e c t r o p h o r e s i s o f s e c r e t i n ( S) and a n a l o g u e s 

S [ 0 - A s p 3 ] - S [ A s p a r t o y l 3 ] - S 

R f
 a ' b 0.61 0.61 0.64 

R f
 a , c 0.40 0.40 0.52 

a Compared w i t h t h e b e h a v i o u r of H i s : R^ j j ^ g = 1. 
b A c e t i c a c i d / f o r m i c a c i d / w a t e r 15:5:100; pH 1.9. 
c P y r i d i n e / a c e t i c a c i d / w a t e r 10:1:90; pH 6.5. 

The a n a l o g u e s were a s s a y e d f o r t h e i r p o t e n c y t o s t i m u l a t e the e x o c r i n e 
p a n c r e a t i c s e c r e t i o n i n the a n a e s t h e t i z e d f e r r e t , by P r o f e s s o r T. S c r a t c h e r d , 
S h e f f i e l d , E n g l a n d , and i n t h e a n a e s t h e t i z e d r a t , by D r . T.E. Solomon, Los 
A n g e l e s , CA, USA ( T a b l e 5 . 6 ) . 

T a b l e 5.6 B i o l o g i c a l p o t e n c y o f a n a l o g u e s o f s e c r e t i n ( S) 

P e p t i d e B i o l o g i c a l p o t e n c y 3 (%) a n i m a l n m c 

S(4-27) 0.1 f e r r e t d 1 1 
<2, >0.04 r a t e 1 5 

[ B - A s p 3 ] - S 0.6 f e r r e t d 2 2 
0.4 r a t f 1 3 

[ A s p a r t o y l 3 ] - S 2.5 f e r r e t d 3 2 
2.7 r a t f 1 6 

a The a n a l o g u e s were compared w i t h pure s e c r e t i n , t h e p o t e n c y o f w h i c h was 

assumed t o be 100%. 

b Number of a s s a y s p e r dose i n one a n i m a l . 
c Number of a n i m a l s u s e d . e Two doses were a d m i n i s t e r e d , 
d Only one dose was a d m i n i s t e r e d . f Three doses were a d m i n l s t e r d . 
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The i m m u n o l o g i c a l p o t e n c y was d e t e r m i n e d by Dr. T.M. Chang, R o c h e s t e r , NY, USA. 
1 ? 5 1 

F i g . 5.1 shows t h e d i s p l a c e m e n t of [ I - H l s ] - s e c r e t i n f r o m s e c r e t i n a n t i b o d y 

by n a t u r a l s e c r e t i n and t h e a n a l o g u e s . 

relat ive 

"I-S binding 

» natural secret in (S) 
® [ A s p a r t o y l 3 ] - S 
e [ B - A s p 3 ] . S 

S (4 -27 ) 

1000 
c (pg / tube ) * 

F i g . 5.1 The d i s p l a c e m e n t o f [ ^ ^ I - H i s ] - s e c r e t i n f r o m s e c r e t i n a n t i b o d y by 
n a t u r a l s e c r e t i n and s y n t h e t i c s e c r e t i n a n a l o g u e s ( s e e c h a p t e r 
2 . 2 . 7 ) . 

HPLC a n a l y s i s o f [ a s p a r t o y l 3 ] - S and [ B - A s p 3 ] - S i n a s y s t e m d e v e l o p e d h e r e 
showed t h a t t h e s e p e p t i d e s d i d n o t c o n t a i n a p p r e c i a b l e amounts o f o t h e r 
p r o d u c t s t h a t would o r i g i n a t e f r o m an Asp ( a+B)-rearrangement i n s e c r e t i n . 
T a b l e 5.7 shows k ' - v a l u e s o f the p e p t i d e s and s e c r e t i n i n su c h a sy s t e m . 

T a b l e 5.7. C h r o m a t o g r a p h i c d a t a of s e c r e t i n ( S ) and a n a l o g u e s 

S(4-27) [ B-Asp 3]-S [ A s p a r t o y l 3 ] - S 

7.9 6.5 10.0 

a HPLC; N u c l e o s i l C18, 7 pm (15 x 0.4 cm I . D . ) ; m e t h a n o l / w a t e r 79:21 w i t h 
0.005 M p e r f l u o r o o c t a n o i c a c i d ; ambient t e m p e r a t u r e . 
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5.3 EXPERIMENTAL PART 

R e a g e n t s , s o l v e n t s , and amino a c i d d e r i v a t i v e s were p u r c h a s e d , e x c e p t f o r 
Boc-Asp(o-OBzl).DCHA, w h i c h was p r e p a r e d i n o u r l a b o r a t o r y . 

F o r t h e t e c h n i q u e of c o u p l i n g o f p r o t e c t e d amino a c i d s by t h e REMA method, 
f o r t h e r e m o v a l o f p r o t e c t i n g g r o u p s , and f o r t h e a n a l y s i s and p u r i f i c a t i o n o f 
p r o t e c t e d and u n p r o t e c t e d p e p t i d e s we r e f e r t o c h a p t e r 2. E l e c t r o p h o r e s i s was 
p e r f o r m e d as d e s c r i b e d i n c h a p t e r 4. 

B i o a s s a y s were p e r f o r m e d by P r o f . T. S c r a t c h e r d , Department o f P h y s i o l o g y , 
U n i v e r s i t y o f S h e f f i e l d , S h e f f i e l d , E n g l a n d , w i t h the a n a e s t h e t i z e d f e r r e t , and 
by Dr. T.E. Solomon, C e n t e r f o r U l c e r R e s e a r c h and E d u c a t i o n (CURE), V e t e r a n s 
A d m i n i s t r a t i o n , Los A n g e l e s , CA, USA, w i t h the a n a e s t h e t i z e d r a t . D e t a i l s a r e 
g i v e n i n c h a p t e r 2. Radioimmunoassays were p e r f o r m e d by Dr. T.M. Chang, The 
Genesee H o s p i t a l , The I s a a c Gordon C e n t e r f o r D i g e s t i v e D i s e a s e s and N u t r i t i o n , 
R o c h e s t e r , NY, USA. [ A s p a r t o y l 3 ] - S and [ 8 - A s p 3 ] - S were d i s s o l v e d and a s s a y e d i n 
a pH 5.0 b u f f e r i n s t e a d of t h e pH 7.0 b u f f e r , u s u a l l y u s e d ( 5 7 ) . O t h e r w i s e 
[ a s p a r t o y l 3 ] - S c o u l d n o t be a s s a y e d , b e c a u s e of t h e i n s t a b i l i t y o f t h e p e p t i d e 
a t pH 7.0. The r e s u l t s o b t a i n e d w i t h d i f f e r e n t a n a l o g u e s ( o b t a i n e d a t d i f f e r e n t 
d a t e s ) have been c o r r e c t e d so t h a t t h e i m m u n o l o g i c a l p r o p e r t i e s o f t h e 
a n a l o g u e s c a n be compared as shown i n t h e f i g u r e . 

THE SYNTHESIS OF PROTECTED [ASPARTOYL 3]-SECRETIN 

P r o t e c t e d s e c r e t i n (120 mg, 28 u n o l , s y n t h e s i z e d as d e s c r i b e d i n c h a p t e r 2 ) , 
was d i s s o l v e d i n d i m e t h y l f o r m a m i d e (5 m l ) , t o w h i c h N - m e t h y l m o r p h o l i n e (5.5 u l , 
1.8 eq) was added. The f o r m a t i o n o f p r o t e c t e d [ a s p a r t o y l ]-S was m o n i t o r e d by 
r e v e r s e - p h a s e HPLC ( s e e F i g . 2 . 4 ) . A f t e r s t i r r i n g f o r 105 m i n u t e s a t 33 °C, 
a c e t i c a c i d (100 p i ) was added i n o r d e r t o s t o p t h e r e a c t i o n (pH ~ 4 ) . To t h i s 
s o l u t i o n a m i x t u r e o f m e t h a n o l / w a t e r / a c e t i c a c i d ( 5 0 : 1 1 : 1 , 10.8 ml) was added 
w i t h v i g o r o u s s t i r r i n g . A f t e r f i l t r a t i o n of the c l o u d y s o l u t i o n , t h e c l e a r 
s o l u t i o n was c h r o m a t o g r a p h e d ( L i C h r o s o r b RP-18, 10 ym (20 x 0.8 cm I . D . ) ; 
m e t h a n o l / D M F / w a t e r / a c e t i c a c i d 500:300:110:25; i n j e c t i o n : 17 x 0.75 m l ) . The 
m ain f r a c t i o n s , a c c o r d i n g t o UV d e t e c t i o n a t 260 nm, were c o l l e c t e d , e v a p o r a t e d 
i n v a c u o , and l y o p h i l i z e d f r o m a c e t i c a c i d . 

Y i e l d : 35 mg ( 4 1 % ) . R e s i d u e a f t e r f i l t r a t i o n : 15 mg. Amino a c i d a n a l y s e s a f t e r 
a c i d i c h y d r o l y s i s ( b e f o r e and a f t e r p u r i f i c a t i o n ) : see T a b l e 5.2. The p r o d u c t 
o b t a i n e d was p r a c t i c a l l y p u r e on HPLC ( N u c l e o s i l C18, 7 pm; 
m e t h a n o l / w a t e r / a c e t i c a c i d 91:8:1, UV d e t e c t i o n a t 260 nm). 
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5.4 CONCLUSIONS 

The p e p t i d e s S ( 4 - 2 7 ) , [ B - A s p 3 ] - S , and [ a s p a r t o y l 3 ] - S were s y n t h e s i z e d . The 
s y n t h e s e s of S(4-27) and [8-Asp ]-S gave no p r o b l e m s . The s y n t h e s i s o f 
[ a s p a r t o y l 3 ] - S , however, c o u l d o n l y be p e r f o r m e d a f t e r t h e development of 
s u i t a b l e HPLC systems ( T a b l e 5.1), p a r t l y d i s c u s s e d i n c h a p t e r 2. E s p e c i a l l y 
t h e p r e p a r a t i v e H P L C - p u r i f i c a t i o n o f p r o t e c t e d [ a s p a r t o y l 3 ] - S was f o u n d t o be a 
g r e a t improvement i n t h e s y n t h e s i s . T h i s made i t p o s s i b l e t o o b t a i n a 
p r a c t i c a l l y p u r e p e p t i d e f r e e o f s e c r e t i n and o f [ B - A s p 3 ] - S . These two 
compounds a r e q u i t e e a s i l y formed f r o m [ a s p a r t o y l ]-S i n n e a r l y n e u t r a l 
s o l u t i o n s , a c c o r d i n g t o J a e g e r e t a l . ( 1 6, 64) and o u r o b s e r v a t i o n s . 

The b i o l o g i c a l p o t e n c y o f a l l of the a n a l o g u e s d e s c r i b e d above was g r e a t l y 
d e c r e a s e d , as d e t e r m i n e d w i t h t h e r a t and f e r r e t , i n c o m p a r i s o n w i t h s e c r e t i n 
( T a b l e 5 . 6 ) . C o n s e q u e n t l y , t h e changes made i n t h e N - t e r m i n a l sequence o f 
s e c r e t i n a f f e c t t he b i o l o g i c a l p o t e n c y of the hormone. I t s h o u l d be remarked 
t h a t t he low p o t e n c y o b s e r v e d f o r [8-Asp ]-S and [ a s p a r t o y l J ] - S m i g h t be c a u s e d 
by s e c r e t i n formed d u r i n g t he s y n t h e s i s o r w h i l e p e r f o r m i n g b l o a s s a y 
e x p e r i m e n t s . The f i g u r e s o b t a i n e d a r e i n a c c o r d a n c e w i t h r e p o r t e d d a t a . An 
Asp ( a + 8 ) - r e a r r a n g e m e n t o r an Asp - G l y bond c l e a v a g e i n s e c r e t i n i s t h e r e f o r e 
i n d e e d a ccompanied by a l o s s of b i o l o g i c a l p o t e n c y . The i m m u n o l o g i c a l 
p r o p e r t i e s of s e c r e t i n and t h e a n a l o g u e s d e s c r i b e d h e r e were s i m i l a r . The N-
t e r m i n a l t r i p e p t i d e of s e c r e t i n i s t h e r e f o r e no ( p a r t o f an) a n t i g e n i c 
d e t e r m i n a n t , f o r the a n t i b o d y u s e d . 

The p e p t i d e s s e c r e t i n , [ B ~ A s p 3 ] - S , [ a s p a r t o y l 3 ] - S , and S(4-27) c a n be 
s e p a r a t e d by r e v e r s e - p h a s e HPLC. C o n s e q u e n t l y , i t i s p o s s i b l e now t o s t u d y t h e 
A s p 3 ( a + B ) - r e a r r a n g e m e n t and the A s p 3 - G l y p e p t i d e bond c l e a v a g e i n s e c r e t i n 
d i r e c t l y i n q u i t e s i m p l e s y s t e m s . 
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6. SYNTHESIS AND SOME PROPERTIES OF [ A L A 4 ] - S E C R E T I N AND [SAR 4]-SECRETIN 

6.1 INTRODUCTION 

I t has been r e p o r t e d s e v e r a l t i m e s t h a t s e c r e t i n l o s t p o t e n c y on s t o r a g e , as 
summarized i n c h a p t e r 3. I n most c a s e s the Asp ( a + B ) - r e a r r a n g e m e n t was s t a t e d 
t o be r e s p o n s i b l e f o r t h i s i n s t a b i l i t y . I n an a t t e m p t t o o b t a i n a " s t a b l e " 
s e c r e t i n - l i k e p e p t i d e we s y n t h e s i z e d a n a l o g u e s of s e c r e t i n i n w h i c h G l y had 
been r e p l a c e d . We w i s h t o d e s c r i b e h e r e the s y n t h e s i s of [ A l a 4 ] - s e c r e t i n and 
[ S a r 4 ] — s e c r e t i n , and t h e i r b i o l o g i c a l and i m m u n o l o g i c a l p o t e n c y . I n t h e s e 
p e p t i d e s , G l y 4 i n s e c r e t i n , has been r e p l a c e d by A l a ( o t - m e t h y l G l y ) , o r S a r ( N -
m e t h y l G l y ) , r e s p e c t i v e l y . C o n s e q u e n t l y , i n t h e s e p e p t i d e s a p o t e n t i a l 
Asp (ot+B)-rearrangement w i l l be s l o w e r t h a n i n s e c r e t i n , b e c a u s e of t h e 
i n f l u e n c e of the e x t r a m e t h y l g r o u p . [ A l a 4 ] - s e c r e t i n has a l s o been s y n t h e s i z e d 
and s t u d i e d by o t h e r g roups ( 3 3 , 38, 3 9 ) . 

6.2 EXPERIMENTS AND RESULTS 

P r o t e c t e d [ A l a 4 ] - s e c r e t i n was s y n t h e s i z e d by t h e a l l - R E M A method, as shown f o r 
p r o t e c t e d s e c r e t i n i n F i g . 2.1b, i n w h i c h B o c - A l a was c o u p l e d i n s t e a d o f Boc-
G l y . P r o t e c t e d [ S a r 4 ] - s e c r e t i n was s y n t h e s i z e d as shown i n F i g . 6.1. 

The s y n t h e s i s o f p r o t e c t e d [ S a r ] - s e c r e t i n by the a l l - R E M A method gave, 
a c c o r d i n g t o r e v e r s e - p h a s e h i g h - p e r f o r m a n c e l i q u i d c h r o m a t o g r a p h y , a 
c o n s i d e r a b l e amount o f a b y - p r o d u c t ( a b o u t 24%; UV d e t e c t i o n a t 260 nm), 
p r o b a b l y p r o t e c t e d i B o c - [ S a r 4 ] - S ( 4 - 2 7 ) . Such p r o b l e m s have a l s o been o b s e r v e d 
w i t h the c o u p l i n g of amino a c i d d e r i v a t i v e s t o p r o l i n e - r e s i d u e s ( 8 0 , and 
r e f e r e n c e s c i t e d h e r e i n ) . Here t h e p r o b l e m was s o l v e d by c o u p l i n g p a r t i a l l y 
p r o t e c t e d d i p e p t i d e s w i t h a C - t e r m i n a l p r o l i n e r e s i d u e . T h i s a p p r o a c h was n o t 
s a t i s f a c t o r y i n the s y n t h e s i s of [ S a r 4 ] - s e c r e t i n , b e c a u s e o f d i f f i c u l t i e s i n 
the p u r i f i c a t i o n o f t h e d e s i r e d d i p e p t i d e B o c - A s p ( O B z l ) - S a r . A p p l i c a t i o n o f 
t h e a p p r o a c h shown i n F i g . 6.1 r e s u l t e d i n a p r o t e c t e d p e p t i d e h a v i n g a 
q u a l i t y c o m p a r a b l e w i t h t h a t o f p r o t e c t e d s e c r e t i n . The amino a c i d c o m p o s i t i o n 
of b o t h p r o t e c t e d 2 7 - p e p t i d e s , a f t e r a c i d i c h y d r o l y s i s , i s g i v e n i n T a b l e 6.1. 
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F i g . 6.1 The s y n t h e s i s of p r o t e c t e d [ S a r 4 ] - s e c r e t i n 
a D e p r o t e c t i o n by a c i d o l y s i s i n TFA. 
b C o u p l i n g by t h e e x c e s s mixed a n h y d r i d e method. 
c I s o l a t i o n of t h e p r o d u c t by e x t r a c t i o n , f o l l o w e d by g e l p e r m e a t i o n 

c h r o m a t o g r a p h y . 
d C o u p l i n g by t h e DCCI/HOBt method, 
e P u r i f i c a t i o n by by g e l p e r m e a t i o n c h r o m a t o g r a p h y . 
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B o t h p r o t e c t e d p e p t i d e s were d e p r o t e c t e d by a c i d o l y s i s w i t h H F / a n i s o l e . The 
p e p t i d e s were p u r i f i e d by i o n - e x c h a n g e c h r o m a t o g r a p h y , f o l l o w e d by p r e p a r a t i v e 
HPLC. 

E x p e r i m e n t a l d a t a a r e g i v e n i n T a b l e 6.2. 
The end p r o d u c t s were p r a c t i c a l l y pure a c c o r d i n g t o TLC ( s i l i c a g e l ; 

b u t a n o l / p y r i d i n e / a c e t i c a c i d / w a t e r 60:20:6:24) and HPLC ( P o l y g o s i l C18; 
m e t h a n o l / w a t e r / T F A 6 4 : 3 6 : 0 . 1 ) . C h r o m a t o g r a p h i c d a t a of t h e p e p t i d e s a r e 
p r e s e n t e d i n T a b l e 6.3. The amino a c i d c o m p o s i t i o n o f t h e s e p r o d u c t s , a f t e r 
a c i d i c and e n z y m i c h y d r o l y s i s , i s g i v e n i n T a b l e 6.1. 

T a b l e 6.1 Amino a c i d a n a l y s e s of a n a l o g u e s of s e c r e t i n ( S) 

[ A l a 4 ]-s [ S a r 4 ]-s 
a b b T heory a b b T heory 
c c d c c d 

Asp 1.79 2.02 2.00 2 1.63 2.07 1.04 2(1§) 
Thr 1.32 1.86 2 1.34 1.75 2 
S e r 2.73 3.56 4 2.75 3.18 4 
S a r e 0.58 1.16 K O S ) 
G l u 3.19 2.87 1.05 3 ( l f ) 2.79 3.14 0.98 3 ( l f ) 
G l y 1.00 1.22 0.98 1 1.09 1.35 0.98 1 

A l a 1.85 2.08 1.92 2 1.12 1.08 0.97 1 
V a l 1.13 0.98 0.92 1 1.02 1.05 1.02 1 
Leu 6.00 5.82 6.05 6 6.17 5.48 6.10 6 
Phe 0.76 0.95 1.03 1 0.81 0.95 0.86 1 
H i s 0.79 1.04 1.07 1 0.82 0.98 0.99 1 

Arg+Orn 3.81 4.01 3.98 4 3.82 3.90 3.91 4 

a Crude p r o t e c t e d p e p t i d e , 
b P u r i f i e d p e p t i d e . 

c A c i d i c h y d r o l y s i s (6 M HC1, 24 h, 110 ° C ) . G i n was d e t e r m i n e d as G l u . 
d Enzymic h y d r o l y s i s ( LAP, 24 h, 37 ° C ) . T h r , S e r , and G i n c o u l d not be 

d e t e r m i n e d . 
e Sar was e l u t e d from t h e column ( K o n t r o n L i q u i m a t I I I ; Durrum r e s i n DC 4A 

(25 x 0.4 cm I . D . ) ; P i c o b u f f e r s y s t e m I I ) between S e r and G l u . I t was de­
t e c t e d a t 570 nm a f t e r r e a c t i o n w i t h n i n h y d r i n , l i k e t he o t h e r amino a c i d s . 

f G l u = 1; G i n = 2. 
g The A s p - S a r bond was n o t h y d r o l y s e d w i t h LAP. 



T a b l e 6.2 E x p e r i m e n t a l d a t a o f the s y n t h e s i s o f an a l o g u e s o f s e c r e t i n ( S ) 

P e p t i d e D e p r o t e c t i o n 3 P u r i f i c a t i o n 

S t a r t i n g 

m a t e r i a l 

(mg) 

Y i e l d (mg) S t a r t i n g 
m a t e r i a l 

( m g ) b 

Y i e l d (mg) 1 S t a r t i n g 
m a t e r i a l 

( m g ) c 

Y i e l d ( m g ) c ' d 

[ A l a 4 ] - S 88 70 67 17 4.5 e 1.7 
[ S a r 4 ] - S 52 38 35 18 4.2 f 0.6 

a Treatment w i t h H F / a n i s o l e ; 1 h; 0 °C. 

b Ion-exchange chromatography (SP-Sephadex C-25; 0.02 M NH 4HC0 3 (pH 6 . 1 ) , f o l l o w e d by 0.05 M NH 4HC0 3 (pH 6 . 5 ) ) . 
c HPLC; m e t h a n o l / w a t e r / T F A 68:32:0.5; a m b i e n t t e m p e r a t u r e . 
d C o r r e c t e d f o r p e p t i d e c o n t e n t . A l l t h e o t h e r f i g u r e s have n o t been c o r r e c t e d , 
e L i C h r o s o r b RP-18, 10 un ( 2 0 x 0.8 cm I . D . ) . 
f P o l y g o s i l C18, 10 urn (20 x 0.8 cm I . D . ) . 
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T a b l e 6.3 C h r o m a t o g r a p h i c d a t a o f s e c r e t i n ( S) and a n a l o g u e s 

S [ A l a ]-S [ S a r * ] - S 

R f
 3 0.13 0.13 0.13 

k' b » c 2.3 2.3 2.3 
k* b ' d 2.4 2.1 2.3 

a TLC; s i l i c a g e l ; b u t a n o l / p y r i d i n e / a c e t i c a c i d / w a t e r 60:20:6:24. 

b HPLC; P o l y g o s i l C18, 10 ym (30 x 0.4 cm I . D . ) ; t e m p e r a t u r e : 30 °C. 
c E l u e n t : m e t h a n o l / w a t e r / t r l f l u o r o a c e t i c a c i d 64:36:0.1. 
d E l u e n t : m e t h a n o l / w a t e r 84:16 w i t h 0.005 M p e r f l u o r o o c t a n o i c a c i d . 

The a n a l o g u e s were a s s a y e d f o r t h e i r p o t e n c y t o s t i m u l a t e t h e e x o c r i n e 
p a n c r e a t i c s e c r e t i o n i n the a n a e s t h e t i z e d f e r r e t a n d /or i n t h e a n a e s t h e t i z e d 
c a t by P r o f e s s o r T. S c r a t c h e r d , S h e f f i e l d , E n g l a n d , and i n t h e a n a e s t h e t i z e d 
r a t by Dr. T.E. Solomon, Los A n g e l e s , CA, USA ( T a b l e 6 . 4 ) . 

T a b l e 6.4 B i o l o g i c a l p o t e n c y of a n a l o g u e s of s e c r e t i n ( S) 

P e p t i d e B i o l o g i c a l p o t e n c y 3 (%) a n i m a l n b m c 

[ A l a 4 ] - S 10 c a t d 3 1 

2 f e r r e t d 2 2 
8 r a t e I 5 

[ S a r 4 ] - S 0.1 f e r r e t d 1 1 

<0.4, >0.04 r a t e 1 5 

a The a n a l o g u e s were compared w i t h p u r e s e c r e t i n , t h e p o t e n c y o f w h i c h was 
assumed t o be 100%. 

b Number of a s s a y s p e r dose i n one a n i m a l , 
c Number of a n i m a l s u s e d , 
d O n l y one dose was a d m i n i s t e r e d , 
e Three doses were a d m i n i s t e r e d . 

The i m m u n o l o g i c a l b e h a v i o u r of the p e p t i d e s i s shown i n F i g . 6.2. The r a d i o ­

immunoassays were p e r f o r m e d by Dr. T.M. Chang, R o c h e s t e r , NY, USA. 
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re la t ive 

l-S b inding 

a natura l s e c r e t i n (S) 

® [ A l a * ] - S 

« [ S a r ^ j - S 1.0 

10 1 0 0 1 0 0 0 

c ( p g / t u b e ) 

F i g . 6.2 The d i s p l a c e m e n t o f [ ^ - ' i - H i s * ] - s e c r e t i n f r o m s e c r e t i n a n t i b o d y by 

n a t u r a l s e c r e t i n and s y n t h e t i c s e c r e t i n a n a l o g u e s ( s e e c h a p t e r 2 . 2 . 7 ) . 

6.3 EXPERIMENTAL PART 

R e a g e n t s , s o l v e n t s , and amino a c i d d e r i v a t i v e s were p u r c h a s e d , e x c e p t f o r 
Sar-OtBu h y d r o c h l o r i d e , w h i c h was s y n t h e s i z e d f o l l o w i n g r o u t i n e p r o c e d u r e s 
( m e l t i n g p o i n t = 136-137 °C, e l e m e n t a l a n a l y s i s : c a l c : C 46.28, H 8.88, 
N 7.71, C I 19.52, f o u n d : C 46.4, H 8.9, N 7.7, CI 1 9 . 4 ) . 

F o r t h e t e c h n i q u e o f c o u p l i n g o f p r o t e c t e d amino a c i d s by t h e REMA method, 
f o r the r e m o v a l o f p r o t e c t i n g g r o u p s , and f o r t h e a n a l y s i s and p u r i f i c a t i o n o f 
p r o t e c t e d and u n p r o t e c t e d p e p t i d e s we r e f e r t o c h a p t e r 2. 

B i o a s s a y s were p e r f o r m e d by P r o f e s s o r T. S c r a t c h e r d , Department o f 
P h y s i o l o g y , U n i v e r s i t y o f S h e f f i e l d , S h e f f i e l d , E n g l a n d , w i t h t h e 
a n a e s t h e t i z e d f e r r e t o r t h e a n a e s t h e t i z e d c a t ( 5 8 ) , and by Dr. T.E. Solomon, 
C e n t e r f o r U l c e r R e s e a r c h and E d u c a t i o n (CURE), V e t e r a n s A d m i n i s t r a t i o n , L os 
A n g e l e s , CA, USA, w i t h t he a n a e s t h e t i z e d r a t . Radioimmunoassays were p e r f o r m e d 
by Dr. T.M. Chang, The Genesee H o s p i t a l , The I s a a c Gordon C e n t e r f o r D i g e s t i v e 
D i s e a s e s and N u t r i t i o n , R o c h e s t e r , NY, USA. D e t a i l s a r e g i v e n i n t h e c h a p t e r s 
2 and 5. 
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THE SYNTHESIS OF B o c - A s p ( O B z l ) - S a r - O t B u 

B o c - A s p ( O B z l ) (3.2 g, 10 mmol) was d i s s o l v e d i n 10 ml of d i m e t h y l f o r m a m i d e 
(DMF). A t -15 °C N-methyl m o r p h o l i n e (NMM, 1.11 ml, 10 mMol) and i s o b u t y l 
c h l o r o f o r m a t e (1.20 m l , 9 mmol) were added. A f t e r 2 m i n u t e s , S a r - O t B u . H C l 
(0.88 g, 4.8 mmol) and NMM (0.53 m l , 4.8 mmol), d i s s o l v e d i n 20 ml o f DMF/H 20 
(1:1) were added. A f t e r s t i r r i n g f o r 1 h, 20 ml of 2 M K H C O 3 was added and t h e 
r e a c t i o n m i x t u r e was warmed t o 0 °C. Then, 20 ml o f w a t e r was added t o t h e 
m i x t u r e , w h i c h was e x t r a c t e d w i t h e t h y l a c e t a t e . The o r g a n i c m i x t u r e was 
washed w i t h w a t e r , d r i e d (MgSO^) and e v a p o r a t e d a f t e r f i l t r a t i o n . The 
r e s u l t i n g o i l was d i s s o l v e d i n 10 ml of c h l o r o f o r m / m e t h a n o l (6:1) and 
chro m a t o g r a p h e d on a column (20 x 2.5 cm I.D.) f i l l e d w i t h a l u m i n i u m o x i d e 
( M e r c k , D a r m s t a d t , G.F.R.; a c t i v i t y I ) , w i t h c h l o r o f o r m / m e t h a n o l (6:1) as t h e 
e l u e n t . The main f r a c t i o n s were c o l l e c t e d and e v a p o r a t e d t o d r y n e s s . 
Y i e l d : 1.74 g of o i l (3.9 mmol; 8 1 % ) . 
Amino a c i d a n a l y s i s : Asp 1.03, S a r 0.97. 

THE SYNTHESIS OF B o c - S e r ( B z l ) - A s p ( O B z l ) - S a r 

B o c - A s p ( O B z l ) - S a r - O t B u (5.76 g, 12.8 mmol) was d i s s o l v e d i n 50 ml o f TFA. 
A f t e r 60 m i n u t e s the s o l v e n t was e v a p o r a t e d , the r e s u l t i n g o i l was t r i t u r a t e d 
w i t h e t h e r and f i l t e r e d , and the r e s i d u e was d r i e d . 

B o c - S e r ( B z l ) (4.3 g, 14.6 mmol) was d i s s o l v e d i n 25 m l o f DMF. A t -15 °C 
NMM (1.6 m l , 14.4 mmol) and i s o b u t y l c h l o r o f o r m a t e (1.8 m l , 13.5 mmol) were 
added. A f t e r 3 m i n u t e s , A s p ( O B z l ) - S a r , o b t a i n e d as d e s c r i b e d above and 
d i s s o l v e d i n 25 ml o f DMF, was added. The pH was a d j u s t e d t o pH - 8 w i t h NMM. 
A f t e r 45 m i n u t e s 10 ml o f 2 M KHCO3 was added and t h e r e a c t i o n m i x t u r e was 
s t i r r e d a t 0 °C f o r 30 m i n u t e s . Then w a t e r was added, t h e pH was a d j u s t e d t o 
pH - 3 w i t h c i t r i c a c i d , and t h e m i x t u r e was e x t r a c t e d w i t h e t h y l a c e t a t e . The 
o r g a n i c l a y e r was washed w i t h w a t e r , d r i e d (MgSO A), and e v a p o r a t e d t o d r y n e s s 
a f t e r f i l t r a t i o n . 
Y i e l d : 7.05 g o f o i l . 

A p a r t of t h i s o i l (0.52 g) was d i s s o l v e d i n DMF and p u r i f i e d by g e l 
p e r m e a t i o n c h r o m a t o g r a p h y (Sephadex LH-20 (90 x 2.5 cm I . D . ) ; DMF). The main 
f r a c t i o n s were c o l l e c t e d and e v a p o r a t e d t o d r y n e s s . 
Y i e l d : 0.32 g o f o i l (0.6 mmol; o v e r a l l y i e l d : 5 8 % ) . 

The p r o d u c t a p p e a r e d t o be r a t h e r p u r e , a c c o r d i n g t o TLC and r e v e r s e - p h a s e 
HPLC. Amino a c i d a n a l y s i s : Asp 0.99, Ser 0.75, Sar 1.01. 
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THE SYNTHESIS OF PROTECTED [SAR^]-S(2-27) 

B o c - S e r ( B z l ) - A s p ( O B z l ) - S a r (0.17 g, 0.30 mmol) was d i s s o l v e d i n 2.5 ml of DMF. 
D i c y c l o h e x y l c a r b o d i i m i d e (52 mg, 0.25 mmol) and N - h y d r o x y b e n z o t r i a z o l e . ^ O 
(45 mg, 0.30 mmol) were added a t 0 °C. A f t e r s t i r r i n g f o r 1 hour a t a m b i e n t 
t e m p e r a t u r e , s i d e - c h a i n p r o t e c t e d S ( 5 - 2 7 ) , o b t a i n e d i n t h e a l l - R E M A s y n t h e s i s 
of s e c r e t i n ( c h a p t e r 2; 172 mg, 0.05 mmol), d i s s o l v e d i n 2.5 ml o f DMF, was 
added. The s o l u t i o n was n e u t r a l i z e d w i t h NMM, a f t e r w h i c h 6 p i o f NMM (0.05 
mmol) was added. A f t e r s t i r r i n g f o r 21 h a t a mbient t e m p e r a t u r e , t h e m i x t u r e 
was c l a r i f i e d by c e n t r i f u g a t i o n and t h e s o l u t i o n was c h r o m a t o g r a p h e d (Sephadex 
LH-20 (90 x 2.5 cm I . D . ) ; DMF). The main p r o d u c t was c o n c e n t r a t e d and 
p r e c i p i t a t e d by the a d d i t i o n o f s a l i n e . A f t e r f i l t r a t i o n , the p e p t i d e was 
d r i e d i n v a c u o . 
Y i e l d : 156 mg (0.04 mmol, 8 2 % ) . The q u a l i t y o f t h i s p r o d u c t was c o m p a r a b l e 
w i t h t h a t of p r o t e c t e d S ( 2 - 2 7 ) , o b t a i n e d by t h e a l l - R E M A method, a c c o r d i n g t o 
r e v e r s e phase HPLC. Amino a c i d a n a l y s i s : Asp 1.58, Thr 1.39, Ser 2.89, 
Sar 0.81, G l u 2.95, G l y 1.03, A l a 1.10, V a l 1.03, Leu 6.21, Phe 0.79, 
Arg+Orn 3.80. 

6.4 CONCLUSIONS 

Two a n a l o g u e s o f p o r c i n e s e c r e t i n , [ A l a 4 ] - s e c r e t i n and [ S a r ] - s e c r e t i n , were 
s y n t h e s i z e d . B o t h p e p t i d e s p o s s e s s a c o n s i d e r a b l y l o w e r p o t e n c y t o s t i m u l a t e 
t h e e x o c r i n e p a n c r e a t i c a c t i v i t y t h a n s e c r e t i n i n t h e a n i m a l s u s e d . [ A l a 4 ] -
s e c r e t i n s t i l l p o s s e s s e d a r a t h e r h i g h p o t e n c y . [ S a r 4 ] - s e c r e t i n was much l e s s 
p o t e n t t h a n s e c r e t i n i n b o t h the f e r r e t and t h e r a t . These p e p t i d e s and 
s e c r e t i n had s i m i l a r i m m u n o l o g i c a l p r o p e r t i e s i n t h e s y s t e m u s e d . 

These r e s u l t s show t h a t [ A l a 4 ] - s e c r e t i n m i g h t be u s e d as a " s t a b l e " 
s e c r e t i n - l i k e m a t e r i a l . [ S a r 4 ] - s e c r e t i n i s l e s s s u i t e d f o r t h i s p u r p o s e 
because o f i t s much l o w e r p o t e n c y . The n e c e s s i t y of h a v i n g a " s t a b l e " 
s e c r e t i n - l i k e m a t e r i a l , however, i s q u e s t i o n a b l e , i n v i e w of t h e r e s u l t s o f 
o u r r e s e a r c h on t h e i n s t a b i l i t y o f s e c r e t i n , as d e s c r i b e d i n c h a p t e r 3, and 
t h o s e o f J a e g e r e t a l . ( 1 6 , 6 4 ) . Because of t h i s we d i d n o t s t u d y t h e 
s t a b i l i t y o f the a n a l o g u e s d e s c r i b e d h e r e . 



7. SYNTHESIS AND SOME PROPERTIES OF ANALOGUES OF SECRETIN AND THE VASOACTIVE 
INTESTINAL PEPTIDE ( V I P ) : THE VASECTRINS 

71 

7.1 INTRODUCTION 

The d i s c o v e r y of a s e r i e s of p e p t i d e s i s o l a t e d f r o m the g a s t r o i n t e s t i n a l t r a c t 
m o s t l y of hogs, u n c o v e r e d g r e a t sequence s i m i l a r i t i e s i n some p e p t i d e s . T h i s 
f a v o r e d t h e c l a s s i f i c a t i o n i n t o p e p t i d e f a m i l i e s . G a s t r i n , c h o l e c y s t o k i n i n , 
and c a e r u l e i n ( i s o l a t e d f r o m a m p h i b i a n s k i n ) f o r m the g a s t r i n f a m i l y , w h i l e 
s e c r e t i n , g l u c a g o n , the v a s o a c t i v e i n t e s t i n a l p e p t i d e ( V I P ) , and t h e g a s t r i c 
i n h i b i t o r y p e p t i d e (GIP) a r e t h e members o f t h e s e c r e t i n f a m i l y ( F i g . 7.1) 
( 2 1 , 24, 2 5 ) . R e c e n t l y a n o t h e r 2 7 - p e p t i d e , c a l l e d PHI, was added t o t h i s 
f a m i l y ( s e e c h a p t e r 1.3). 

S e c r e t i n and V I P , e s p e c i a l l y , n o t o n l y s h a r e s e v e r a l sequence s i m i l a r i t i e s 
but have a l s o s e v e r a l c l o s e l y r e l a t e d b i o l o g i c a l e f f e c t s . Much work has 
a l r e a d y been done t o l o c a l i z e t h o s e p a r t s of t h e m o l e c u l e s t h a t a r e 
r e s p o n s i b l e f o r d i s t i n c t p r o p e r t i e s ( 8 1 - 8 5 ) . 

We w i s h t o d e s c r i b e h e r e the s y n t h e s i s and some p r o p e r t i e s of a n a l o g u e s of 
s e c r e t i n m o d i f i e d i n s u c h a way t h a t t h e i r sequences a r e i n t e r m e d i a t e between 
t h o s e of p o r c i n e s e c r e t i n and p o r c i n e V I P . We c a l l t h e s e a n a l o g u e s v a s e c t r i n s 
( V S ) . 

We s y n t h e s i z e d [ A l a 4 ] - s e c r e t i n (VS I ) , [ A l a 4 , V a l 5 ] - s e c r e t i n (VS I I ) , and 
[ A l a 4 , V a l 5 , A s p 8 , A s n 9 , T y r 1 0 , T h r 1 1 ] - s e c r e t i n (VS I I I ) ( F i g . 2) f o r s e v e r a l 
r e a s o n s . F i r s t l y , p o r c i n e V I P i s t h o u g h t t o be a more s t a b l e p e p t i d e t h a n 

T O 

s e c r e t i n , a l t h o u g h r e c e n t l y an Asn ° d e a m i d a t i o n d u r i n g s t o r a g e as a 
l y o p h i l i z e d p r o d u c t has been p o s t u l a t e d (86) . E x p e r i m e n t s w i t h t h e v a s e c t r i n s 
m i g h t h e l p t o e l u c i d a t e the mechanism of the i n a c t i v a t i o n o f s e c r e t i n . 
S e c o n d l y , t h e s e p e p t i d e s w o uld a l l o w a s t u d y of s t r u c t u r e - a c t i v i t y 
r e l a t i o n s h i p s i n the s e c r e t i n f a m i l y . F i n a l l y , p r o b l e m s i n t h e s y n t h e s i s o f 
p o r c i n e V I P c o u l d be s t u d i e d d u r i n g the s y n t h e s i s o f the v a s e c t r i n s . 

The p e p t i d e s [ A l a 4 ] - s e c r e t l n and [ A l a 4 , V a l ^ ] - s e c r e t i n have a l s o been 
p r e p a r e d and s t u d i e d by o t h e r s ( 1 6 , 33, 38, 39, 8 4 ) . 



VIP H-His-Ser-Asp-Ala-Val-Phe-Thr-Asp-Asn-Tyr-Thr-Arg-Leu-Arg-Lys-Gln-Met-Ala-Val-Lys-Lys-Tyr-Leu-Asn-Ser-Ile-Leu-Asn-NH 

I I I I I I I I I 
S e c r e t i n H-His-Ser-Asp-Gly-Thr-Phe-Thr-Ser-Glu-Leu-Ser-Arg-Leu-Arg-Asp-Ser-Ala-Arg-Leu-Gln-Arg-Leu-Leu-Gln-Gly-Leu-Val-NH 

I I I I I I I I I I I I l | 
Glucagon H-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-Met-Asn-Thr-OH 

M l I I I I I I I I I I I I 
GIP H-Tyr-Ala-Glu-Gly-Thr-Phe-Ile-Ser-Asp-Tyr-Ser-Ile-Ala-Met-Asp-Lys-Ile-Arg-Gln-Gln-Asp-Phe-Val-Asn-Trp-Leu-Leu-Ala-Gln-

-Lys-Gly-Lys-Lys-Ser-Asp-Trp-Lys-His-Asn-Ile-Thr-Gln-OH 

F i g . 7.1 The p r i m a r y s t r u c t u r e of V I P , s e c r e t i n , g l u c a g o n , and GIP, i s o l a t e d from h o g s . The v e r t i c a l l i n e s i n d i c a t e 

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

S e c r e t i n H-His-Ser-Asp-Gly-Thr-Phe-Thr-Ser-Glu-Leu-Ser-Arg-Leu-Arg-Asp-Ser-Ala-Arg-Leu-Gln-Arg-Leu-Leu-Gln-Gly-Leu-Val-NH 

I I I I I I I I I I I I I M I I I M I I I I I I 
VS I H-His-Ser-Asp-fila-Thr-Phe-Thr-Ser-Glu-Leu-Ser-ATg-Leu-Arg-Asp-Ser-Ala-Arg-Leu-Gln-Arg-Leu-Leu-Gln-Gly-Leu-Val-NH 

I I I I I I I I I M I I I ! I I I I I I I I I I 
VS II H-His-Ser-Asp-Ala-Val-Phe-Thr-Ser-Glu-Leu-Ser-Arg-Leu-Arg-Asp-Ser-Ala-Arg-Leu-Gln-Arg-Leu-Leu-Gln-Gly-Leu-Val-NH 

I N I I I I I I I I I I I I I I I I I I 
VS III H-His-Ser-Asp-Ala-Val-Phe-Thr-^sp-Asn-Tyr-l^i-Arg-Leu-Arg-Asp-Ser-Ala-Arg-Leu-Gln-ATg-Leu-Leu-Gln-Gly-Leu-Val-NH 

I I I I I I I I I 
VIP H-His-Ser-flsp-Ala-Val-Phe-Thr-Asp-Asn-Tyr-Thr-flrç/-Leu-Arg-Lys-Gln-Met-Ala-Val-Lys-Lys-Tyr-ieu-Asn-Ser-Ile-Leu-Asn-NH 2 

F i g . 7.2 The p r i m a r y s t r u c t u r e of p o r c i n e s e c r e t i n , t h e v a s e c t r i n s , and p o r c i n e V I P . The v e r t i c a l l i n e s i n d i c a t e 

t h a t i n t h o s e p o s i t i o n s i d e n t i c a l amino a c i d r e s i d u e s a r e p r e s e n t i n s e c r e t i n . 
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7.2 RESULTS AND DISCUSSION 

F u l l y p r o t e c t e d VS I and VS I I were s y n t h e s i z e d by the a l l - R e p e t i t i v e E x c e s s 
Mixed A n h y d r i d e (REMA) method as d e s c r i b e d f o r s e c r e t i n ( c h a p t e r 2 ) . These 
p r o t e c t e d p e p t i d e s were a n a l y s e d by r e v e r s e - p h a s e h i g h - p e r f o r m a n c e l i q u i d 
c h r o m a t o g r a p h y and amino a c i d a n a l y s i s a f t e r a c i d i c h y d r o l y s i s ( T a b l e 7 . 1 ) . 
The q u a l i t y o f the p r o d u c t s was c o m p a r a b l e w i t h t h a t o f s y n t h e t i c s e c r e t i n . 
P a r t i a l l y p r o t e c t e d VS I I I was s y n t h e s i z e d by c o u p l i n g o f t h e segment 
V I P ( 1 - 1 3 ) t o s e c r e t i n ( 1 4 - 2 7 ) - N H 2 , f o l l o w e d by p u r i f i c a t i o n by g e l p e r m e a t i o n 
c h r o m a t o g r a p h y . The p r o d u c t o b t a i n e d had a s a t i s f a c t o r y amino a c i d c o m p o s i t i o n 
a f t e r a c i d i c h y d r o l y s i s ( T a b l e 7.1) 

The p r o t e c t e d p e p t i d e s VS I and VS I I were d e p r o t e c t e d by a c i d o l y s i s w i t h 
h y d r o g e n f l u o r i d e ( H F ) / a n i s o l e . P r o t e c t e d VS I I I was d e p r o t e c t e d by s u b s e q u e n t 
a c i d o l y s i s w i t h t r i f l u o r o a c e t i c a c i d (TFA) and H F / a n i s o l e . 

VS I and VS I I were p u r i f i e d by i o n - e x c h a n g e c h r o m a t o g r a p h y , f o l l o w e d by 
p r e p a r a t i v e HPLC. VS I I I was p u r i f i e d by p r e p a r a t i v e HPLC. 

The p r o d u c t s o b t a i n e d were p r a c t i c a l l y p ure a c c o r d i n g t o TLC ( s i l i c a g e l ; 
b u t a n o l / p y r i d i n e / a c e t i c a c i d / w a t e r 60:20:6:24) and HPLC ( P o l y g o s i l C18; 
m e t h a n o l / w a t e r / T F A 63:37:0.1). C h r o m a t o g r a p h i c d a t a of t h e p e p t i d e s a r e 
p r e s e n t e d i n T a b l e 7.2. The amino a c i d c o m p o s i t i o n s o f the v a s e c t r i n s , a f t e r 
a c i d i c and e n z y m i c h y d r o l y s i s , were c o n s i s t e n t w i t h c a l c u l a t e d v a l u e s ( T a b l e 
7 . 1 ) . Amino a c i d a n a l y s i s of VS I I I , a f t e r a c i d i c h y d r o l y s i s f o l l o w e d by 
t r e a t m e n t w i t h L-amino a c i d o x i d a s e (LAO), showed t h a t no r a c e m l z a t i o n had 
o c c u r r e d d u r i n g the segment c o u p l i n g . 

T a b l e 7.2 C h r o m a t o g r a p h i c d a t a o f s e c r e t i n and the v a s e c t r i n s 

S e c r e t i n VS I VS I I VS I I I 

R f
 a 0.13 0.13 0.15 0.13 

k* b , c 4.6 4.4 5.7 2.9 
k' b » d 2.4 2.1 2.2 2.4 

a TLC; s i l i c a g e l ; b u t a n o l / p y r i d i n e / a c e t i c a c i d / w a t e r 60:20:6:24. 
b HPLC; P o l y g o s i l C18, 10 us (30 x 0.4 cm I . D . ) ; t e m p e r a t u r e : 30 °C. 
c E l u e n t : m e t h a n o l / w a t e r / T F A 63:37:0.1. 
d E l u e n t : m e t h a n o l / w a t e r 84:16 w i t h 0.005 M p e r f l u o r o o c t a n o i c a c i d . 

The s y n t h e s e s o f VS I and VS I I a r e f u r t h e r p r o o f s , a l o n g w i t h the s y n t h e s i s 

o f s e c r e t i n , t h a t 2 7 - p e p t i d e s , even w i t h the s t e r i c a l l y b u l k y sequence 



T a b l e 7.1 Amino a c i d a n a l y s e s o f the v a s e c t r i n s 

VS I VS I I VS I I I 
a b b Theory a b b Theory a b b T h e o r y 

c c d c c d c c d 

Asp 1.79 2.02 2.00 2 1.82 2.05 1.98 2 4.38 3.99 2.85 4 ( 3 f ) 

T h r 1.32 1.86 2 0.89 0.99 1 2.30 1.86 2 

S e r 2.73 3.56 4 3.16 2.77 4 2.08 1.84 2 

G l u 3.19 2.87 1.05 3 ( l e ) 3.07 3.11 1.10 3 ( l e ) 1.87 2.10 2 ( 0 8 ) 

G l y 1.00 1.22 0.98 1 1.04 1.07 1.04 1 1.00 1.15 1.08 1 

A l a 1.85 2.08 1.92 2 1.94 2.06 2.07 2 2.11 2.10 2.01 2 

V a l 1.13 0.98 0.92 1 1.88 1.97 1.90 2 2.13 1.95 1.91 2 

L e u 6.00 5.82 6.05 6 6.11 5.87 5.94 6 4.93 4.86 5.21 5 

T y r 0.66 0.90 1 

Phe 0.76 0.95 1.03 1 0.91 0.95 1.03 1 1.14 0.96 0.94 1 

H i s 0.79 1.04 1.07 1 0.78 1.00 0.97 1 1.18 0.94 0.94 1 

Arg+Orn 3.81 4.01 3.98 4 3.77 3.93 3.97 4 3.95 3.95 4.05 4 

a Crude p r o t e c t e d p r o d u c t . 

b P u r i f i e d u n p r o t e c t e d p e p t i d e s . 
c A c i d i c h y d r o l y s i s (6 M HC1, 24 h, 110 ° C ) . G i n was d e t e r m i n e d as G l u . 
d Enzymic h y d r o l y s i s (LAP, 24 h, 37 ° C ) . A s n , G i n , T h r , S e r , and T y r cannot be d e t e r m i n e d , 
e G l u = 1, G i n = 2. 
f Asp = 3, Asn = 1. 
g G l u = 0, G i n = 2. 
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- A l a - V a l - P h e - , l i k e i n VS I I , can e a s i l y be s y n t h e s i z e d by t h e a l l - R E M A 
method. The r e s u l t s w i t h t he s y n t h e s i s of VS I I I i n d i c a t e t h a t o u r s t r a t e g y 
f o r t h e s y n t h e s i s of p o r c i n e V I P , c o u p l i n g o f t h e two segments, V I P ( 1 - 1 3 ) and 
VIP(14-28)-NH2> i s a p r o m i s i n g one. The main p r o b l e m i s t h e s y n t h e s i s o f 
VIP(14-28)-NH2 ( 8 8 ) , because of extreme low s o l u b i l i t y o f i n t e r m e d i a t e 
p e p t i d e s , as a l r e a d y r e p o r t e d by K l a u s n e r and Bodanszky (89) and W e n d l b e r g e r 
e t a l . ( 9 0 ) . 

The v a s e c t r i n s were a s s a y e d f o r t h e i r p o t e n c y t o s t i m u l a t e t he e x o c r i n e 
p a n c r e a t i c s e c r e t i o n i n t h e a n a e s t h e t i z e d c a t , a n d / o r i n t h e a n a e s t h e t i z e d 
f e r r e t , by P r o f e s s o r T. S c r a t c h e r d , S h e f f i e l d , E n g l a n d , and i n t h e 
a n a e s t h e t i z e d r a t , by Dr. T.E. Solomon, Los A n g e l e s , CA, USA ( T a b l e 7 . 3 ) . 
A l l t h r e e v a s e c t r i n s were l e s s p o t e n t t h a n s e c r e t i n i t s e l f b u t each a n a l o g u e 
was c l e a r l y a b l e t o s t i m u l a t e p a n c r e a t i c s e c r e t i o n . VS I and VS I I a p p e a r e d t o 
be f u l l a g o n i s t s f o r s t i m u l a t i o n o f p a n c r e a t i c s e c r e t i o n i n t h e r a t s i n c e t h e y 
p r o d u c e d n e a r l y maximal f l o w r a t e s when g i v e n a t h i g h d o s e s . The s i t u a t i o n f o r 
VS I I I was l e s s c l e a r , s i n c e i t d i d n o t appear t o p r o d u c e m a x i m a l f l o w r a t e s 
i n t he r a t . T h i s i s s i m i l a r t o t h e e f f e c t o f V I P i n t h e r a t ( 9 1 ) , b u t 
e x t e n s i v e f u r t h e r t e s t i n g w o uld be r e q u i r e d t o c o n f i r m t h i s c o n c l u s i o n . 

T a b l e 7.3 The b i o l o g i c a l p o t e n c y of the v a s e c t r i n s 

P e p t i d e B i o l o g i c a l p o t e n c y ( % ) a a n i m a l n b m c ra 

VS I 10 c a t d 3 1 

2 f e r r e t d 2 2 
8 r a t e 1 5 

VS I I 1 f e r r e t d 2 2 

31 r a t e 1 6 

VS I I I 1 c a t d 5 1 
a c t i v e r a t e 1 5 

a The a n a l o g u e s were compared w i t h pure s e c r e t i n , t h e p o t e n c y of whichwas 
assumed t o be 100%. 

b Number of a s s a y s p e r dose i n one a n i m a l , 
c Number o f a n i m a l s u s e d , 
d O n l y one dose was a d m i n i s t e r e d , 
e See t e x t ; t h r e e doses were a d m i n i s t e r e d . 
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re la t ive 

"l-S b ind ing 

o na tura l s e c r e t i n (S) 

V S I 

e V S II 

• V S III 

; ( p m o l / l ) 

F i g . 7 . 3 The d i s p l a c e m e n t of [ ^ ^ ^ I - H i s ' - ] - s e c r e t i n f r o m s e c r e t i n a n t i b o d y by 
n a t u r a l s e c r e t i n and t h e v a s e c t r i n s . 

r e l a t i v e 

Ï - V S III b inding 

c ( p m o l / l ) 

F i g . 7 . 4 The d i s p l a c e m e n t of [ I - H i s ]-VS I I I f r o m s e c r e t i n a n t i b o d y . 



T a b l e 7.4 E x p e r i m e n t a l d a t a of the s y n t h e s i s of t h e v a s e c t r i n s 

P e p t i d e D e p r o t e c t i o n 3 P u r i f i c a t i o n 

S t a r t i n g Y i e l d (mg) 
m a t e r i a l 
(mg) 

VS I 88 70 67 17 4.5 e 1.7 

VS I I 251 225 97 34 5.0 e 1.9 
VS I I I 25 18 6.7 f 0.7 

a T r e a t m e n t w i t h HF/anisóle; 1 h; 0 °C. 
b Io n - e x c h a n g e c h r o m a t o g r a p h y (SP-Sephadex C-25; 0.02 M NH4HCO3, pH 6.1, f o l l o w e d by 0.05 M NH4HCO3, pH 6 . 5 ) . 
c HPLC; ambient t e m p e r a t u r e . 
d C o r r e c t e d f o r p e p t i d e c o n t e n t . A l l t h e o t h e r f i g u r e s have not been c o r r e c t e d , 
e L i C h r o s o r b RP-18, 10 UJI (20 x 0.8 cm); m e t h a n o l / w a t e r / T F A 68:32:0.5. 
f N u c l e o s i l C18, 5 um ( 1 5 x 0.4 cm); m e t h a n o l / w a t e r / T F A 60:40:0.5. 

S t a r t i n g Y i e l d ( m g ) b S t a r t i n g Y i e l d (mg) c> 
m a t e r i a l m a t e r i a l 
( m g ) b ( m g ) c 
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The i m m u n o l o g i c a l b e h a v i o u r of the v a s e c t r i n s was s t u d i e d by Dr. T.M. Chang, 
R o c h e s t e r , NY, USA. F i g . 7.3 shows t h e d i s p l a c e m e n t o f s e c r e t i n f r o m s e c r e t i n 
a n t i b o d y by the v a s e c t r i n s . F i g . 7.4. shows t h e d i s p l a c e m e n t of VS I I I f r o m 
s e c r e t i n a n t i b o d y by s e c r e t i n . I t was f o u n d t h a t VS I I I a l s o shows s t r o n g 
i n t e r a c t i o n s w i t h VIP a n t i b o d y . 

S e c r e t i n , VS I , and VS I I t h e r e f o r e a l l show r a t h e r s i m i l a r 
i m m u n o r e a c t i v i t y t o t h e s e c r e t i n a n t i b o d y u s e d . The m o d i f i c a t i o n s i n t h e N-
t e r m l n a l sequence 1-5 i n s e c r e t i n do n o t s i g n i f i c a n t l y a f f e c t t h e m a j o r 
s e c r e t i n a n t i g e n i c d e t e r m i n a n t ( s ) . VS I I I , however, e x h i b i t s a d i f f e r e n t 
i m m u n o l o g i c a l b e h a v i o u r . The f i g u r e s o b t a i n e d i n d i c a t e t h a t a l t e r a t i o n s i n t h e 
sequence 8-11 i n s e c r e t i n , o r a p a r t of t h i s , c a u s e t h e l o s s of an i m p o r t a n t 
a n t i g e n i c d e t e r m i n a n t . S t i l l , VS I I I shows s t r o n g i n t e r a c t i o n s w i t h 
a p p r o x i m a t e l y 50% o f the b i n d i n g s i t e s o f the s e c r e t i n a n t i b o d y . The h a l f -
d i s p l a c e m e n t dose of VS I I I was s i m i l a r t o t h a t of s e c r e t i n ( F i g . 7 . 3 ) . 

I O C 

C o n s e q u e n t l y , the VS I I I b i n d i n g t o about 50% of t h e J I - s e c r e t i n b i n d i n g 
s i t e s i n v o l v e a n t i b o d y b i n d i n g s i t e s t o t a l l y c o m p e t i t i v e w i t h s e c r e t i n , w i t h 
an a f f i n i t y s i m i l a r t o o v e r a l l s e c r e t i n b i n d i n g t o t h e a n t i b o d y . The c r o s s -
r e a c t i v i t y o f n a t u r a l V I P t o w a r d t h e s e c r e t i n a n t i b o d y used was l e s s t h a n 
0.5%. C o n s e q u e n t l y , t h e C - t e r m i n a l sequence of s e c r e t i n c o n t a i n s ( a t l e a s t ) 
one i m p o r t a n t a n t i g e n i c d e t e r m i n a n t . These r e s u l t s s u p p o r t the "two a n t i g e n i c 
domain mo d e l " , as d i s c u s s e d r e c e n t l y by Chang and Chey ( 5 7 ) . 

S i n c e VS I I I a l s o shows s t r o n g i n t e r a c t i o n w i t h V I P a n t i b o d y , t h i s p e p t i d e 
c o n t a i n s ( a t l e a s t ) one a n t i g e n i c d e t e r m i n a n t o f V I P . S i n c e s e c r e t i n does n o t 
i n t e r a c t w i t h the V I P a n t i b o d y u s e d , V I P has an i m p o r t a n t a n t i g e n i c 
d e t e r m i n a n t i n i t s sequence 1-13. 

The s t a b i l i t y o f t h e v a s e c t r i n s was h a r d l y s t u d i e d , because o f o u r f i n d 
t h a t i n s e c r e t i n some i n t r a m o l e c u l a r r e a r r a n g e m e n t s , e.g. t h e Asp ( a + B )-
r e a r r a n g e m e n t , o f t e n t h o u g h t t o be r e s p o n s i b l e f o r t h e i n s t a b i l i t y , o n l y 
p r o c e e d v e r y s l o w l y ( s e e c h a p t e r 3 ) . 

7.3 EXPERIMENTAL PART 

R e a g e n t s , s o l v e n t s , and amino a c i d d e r i v a t i v e s were p u r c h a s e d . 
F o r t h e t e c h n i q u e of c o u p l i n g of p r o t e c t e d amino a c i d s by t h e REMA method, 

f o r t h e r e m o v a l o f p r o t e c t i n g g r o u p s , and f o r t h e a n a l y s i s and p u r i f i c a t i o n o f 
p r o t e c t e d and u n p r o t e c t e d p e p t i d e s we r e f e r t o c h a p t e r 2. 

P a r t i a l l y p r o t e c t e d VS I I I was s y n t h e s i z e d by c o u p l i n g o f t h e segments 
B o c - H i s - S e r ( t B u ) - A s p - ( O t B u ) - A l a - V a l - P h e - T h r - A s p ( O B z l ) - A s n - T y r - T h r ( B z l ) -
A r g ( N 0 2 ) - L e u ( I , p a r t i a l l y p r o t e c t e d V I P ( 1 - 1 3 ) ) t o B o c - A r g ( N 0 2 ) - A s p ( 0 B z l ) -
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S e r ( B z l ) - A l a - A r g ( N 0 2 ) - L e u - G l n - A r g ( N 0 2 ) - L e u - L e u - G l n - G l y - L e u - V a l - N H 2 ( I I , 
p r o t e c t e d s e c r e t i n (14-27)-NH2)> a f t e r t r e a t m e n t w i t h TFA. The s y n t h e s i s o f I 
has been d e s c r i b e d by B u i j e n van W e e l d e r e n ( 8 8 ) . I I was o b t a i n e d d u r i n g t h e 
s y n t h e s i s of s e c r e t i n ( c h a p t e r 2 ) . 

I I (120 mg; 60 umol) was d i s s o l v e d i n 5 ml of TFA. A f t e r 20 m i n , t h e 
s o l u t i o n was c o n c e n t r a t e d i n vacuo and t r i t u r a t e d w i t h e t h e r . A f t e r 
f i l t r a t i o n , t he m a t e r i a l was d i s s o l v e d i n 5 ml of DMF and p r e c i p i t a t e d by the 
a d d i t i o n of 25 ml of 0.5 MKHCO^. The p r e c i p i t a t e was f i l t e r e d o f f , washed 
w i t h w a t e r , and d r i e d . 

Y i e l d : 87 mg o f 1 4 - p e p t i d e (43 pmol; 7 2 % ) . 
I (75 mg; 37 pmol) was d i s s o l v e d i n 1.5 ml o f DMF. At 0 °C, HOBt (6.1 mg; 

45 pmol) and DCCI (7.4 mg; 36 i m o l ) were added. A f t e r s t i r r i n g f o r 1 h a t 0 °C 
and 1 h a t 20 °C the 1 4 - p e p t i d e d e s c r i b e d above (50 mg; 25 pmol) was added. 
A f t e r 48 h, I I (38 mg; 19 pmol), a c t i v a t e d as d e s c r i b e d above, was added t o 
th e r e a c t i o n m i x t u r e . A f t e r a n o t h e r 120 h t h e m i x t u r e was c h r o m a t o g r a p h e d i n 
two p o r t i o n s ( M e r c k o g e l OR PVA 20000 (100 x 2.5 cm); DMF). The main f r a c t i o n s 
were c o l l e c t e d , e v a p o r a t e d i n vacuo and l y o p h i l i z e d f r o m a c e t i c a c i d . 
Y i e l d : 25 mg (6 pmol; 2 5 % ) . 
Amino a c i d a n a l y s i s : see T a b l e 7.1. 

The m a t e r i a l o b t a i n e d was d i s s o l v e d i n 5 ml o f TFA. A f t e r 5 h, a c e t i c a c i d was 
added and the m a t e r i a l was l y o p h i l i z e d . T h i s m a t e r i a l was used f o r H F / a n i s o l e 
t r e a t m e n t . 

The e n z y m i c h y d r o l y s i s w i t h L-amino a c i d o x i d a s e (LAO) was p e r f o r m e d as 
f o l l o w s : To the h y d r o l y z e d p e p t i d e (6 N HC1, 24 h, 110 °C), d i s s o l v e d i n 0.2 M 
" T R I S - b u f f e r " (pH 7.5) (500 n m o l / m l ) , a s o l u t i o n o f L-amino a c i d o x i d a s e 
( C r o t a l u s Adamanteus, Sigma, S t . L o u i s , M0, USA) 0.25 u n i t s / p m o l d i g e s t a b l e 
amino a c i d ) and 5 p i of t o l u e n e were added, and t h e s o l u t i o n l e f t a t 37 °C f o r 
24 h i n an oxygen a t m o s p h e r e . The r e s u l t i n g m i x t u r e was a n a l y s e d w i t h t h e 
amino a c i d a n a l y s e r . 

B i o a s s a y s were p e r f o r m e d by P r o f e s s o r T. S c r a t c h e r d , Department o f 
P h y s i o l o g y , U n i v e r s i t y of S h e f f i e l d , S h e f f i e l d , E n g l a n d , w i t h t h e 
a n a e s t h e t i z e d c a t (57) o r t h e a n a e s t h e t i z e d f e r r e t , and by Dr. T.E. Solomon, 
C e n t e r f o r U l c e r R e s e a r c h and E d u c a t i o n (CURE), V e t e r a n s A d m i n i s t r a t i o n , Los 
A n g e l e s , CA, USA, w i t h t h e a n a e s t h e t i z e d r a t . Radioimmunoassays were p e r f o r m e d 
by Dr. T.M. Chang, The Genesee H o s p i t a l , The I s a a c Gordon C e n t e r f o r D i g e s t i v e 
D i s e a s e s and N u t r i t i o n , R o c h e s t e r , NY, USA. D e t a i l s a r e g i v e n i n the c h a p t e r s 
2 and 5. 
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S e c r e t i n i s a hormone f o u n d i n t h e mucosa of t h e u p p e r p a r t o f the i n t e s t i n e 
o f many a n i m a l s and of man. The p r i n c i p a l s t i m u l u s r e l e a s i n g t h e hormone i n t o 
t he b l o o d i s the a c i d i f i c a t i o n of t h e c o n t e n t s o f t h e u p p e r i n t e s t i n e . The 
most i m p o r t a n t b i o l o g i c a l e f f e c t i s the s t i m u l a t i o n o f the p a n c r e a s t o s e c r e t e 
a b a s i c , e n z y m e s - c o n t a i n i n g j u i c e . 

S e c r e t i n a p p e a r e d t o be a p p l i c a b l e f o r c u r i n g u l c e r s i n t h e g a s t r o ­
i n t e s t i n a l t r a c t and as a d i a g n o s t i c u m , e.g. f o r t h e p a n c r e a t i c f u n c t i o n . A 
c o n s i d e r a b l e p r o b l e m i n t h i s c o n t e x t , however, was t h e i n s t a b i l i t y o f t h e 
hormone i n v i t r o . A number o f r e s e a r c h e r s m e n t i o n e d the f a c t t h a t t h e 
b i o l o g i c a l p o t e n c y o f s e c r e t i n d e c r e a s e d r a p i d l y , e s p e c i a l l y i n an aqueous 
s o l u t i o n . The o b j e c t of the i n v e s t i g a t i o n s d e s c r i b e d i n t h i s t h e s i s was t o 
a s c e r t a i n t h e c a u s e ( s ) of the I n a c t i v a t i o n of p o r c i n e s e c r e t i n i n v i t r o a t t h e 
m o l e c u l a r l e v e l and the f i n d i n g of a p r a c t i c a l remedy. 

I n c h a p t e r 1 a g e n e r a l r e v i e w of s e c r e t i n i s p r e s e n t e d . S e c r e t i n was t h e f i r s t 
hormone t o be r e c o g n i z e d as s u c h , i n 1902, by B a y l i s s and S t a r l i n g . I t was n o t 
u n t i l 1961 t h a t the hormone was i s o l a t e d f r o m p o r c i n e i n t e s t i n e . I t was f o u n d 
t o be a l i n e a r 2 7 - p e p t i d e amide ( F i g . 1 ) : 

H i s - S e r - A s p - G l y - T h r - P h e - T h r - S e r - G l u - L e u - S e r - A r g - L e u - A r g -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

- A s p - S e r - A l a - A r g - L e u - G l n - A r g - L e u - L e u - G l n - G l y - L e u - V a l - N H 2 
15 16 17 18 19 20 21 22 23 24 25 26 27 

F i g . 1 The sequence o f p o r c i n e s e c r e t i n . 

The p e p t i d e was s y n t h e s i z e d s e v e r a l t i m e s , i n t e r a l i a i n t h i s l a b o r a t o r y . The 
s e c o n d a r y and t e r t i a r y s t r u c t u r e were s t u d i e d u s i n g 0RD-,CD-,and NMR-spectro-
scop y and e l e c t r o n m i c r o s c o p y . T h e p e p t i d e i s f o u n d t o be p r e s e n t i n s o l u t i o n 
i n a p r e f e r r e d c o n f o r m a t i o n , i n w h i c h i t p a r t l y o c c u r s as an o t - h e l i x . S e v e r a l 
a n a l o g u e s , p a r t i a l s equences,and a n a l o g u e s of the l a t t e r have been s y n t h e s i z e d . 
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I n c h a p t e r 2 t h e s y n t h e s i s o f s e c r e t i n v i a t h e r e p e t i t i v e e x c e s s mixed 
a n h y d r i d e (REMA) method i s d i s c u s s e d . I n o r d e r t o make r e s e a r c h on s e c r e t i n 
p o s s i b l e i t i s i m p o r t a n t t h a t a s u f f i c i e n t l y l a r g e q u a n t i t y o f s e c r e t i n s h o u l d 
be a v a i l a b l e . T h i s c a n o n l y be o b t a i n e d by means of s y n t h e s i s . I n t h i s 
l a b o r a t o r y Van Zon and Beyerman d e v e l o p e d a good s y n t h e s i s w i t h t h e a i d o f t h e 
REMA method. T h i s s y n t h e s i s r o u t e was l a t e r m o d i f i e d by us on some p o i n t s . A 
number o f p r o t e c t i v e g r o u p s were a l t e r e d , w h i l e t h e u l t i m a t e d e p r o t e c t i o n o f 
t h e p r o t e c t e d p e p t i d e was e f f e c t e d by a c i d o l y s i s i n l i q u i d h y d r o g e n f l u o r i d e / 
a n i s o l e . The s y n t h e s i s was m o n i t o r e d c o m p l e t e l y by r e v e r s e - p h a s e h i g h -
p e r f o r m a n c e l i q u i d c h r o m a t o g r a p h y , f o r w h i c h a number of systems were 
d e v e l o p e d . 

I n c h a p t e r 3 the i n v e s t i g a t i o n on t h e l o s s of b i o l o g i c a l p o t e n c y o f s e c r e t i n 
i n v i t r o i s d e s c r i b e d . A good many r e s e a r c h e r s r e p o r t e d t h a t s e c r e t i n was n o t 
s t a b l e . E s p e c i a l l y i n an aqueous s o l u t i o n t h e b i o l o g i c a l p o t e n c y o f s e c r e t i n 
was sometimes r a p i d l y l o s t . From the d i f f e r e n t d a t a , however, no c l e a r p i c t u r e 
c o u l d be g a i n e d o f t h e c i r c u m s t a n c e s under w h i c h t h e p o t e n c y was l o s t . 
E x p e r i m e n t s w i t h s e c r e t i n s y n t h e s i z e d by u s , i n c o - o p e r a t i o n w i t h P r o f e s s o r T. 
S c r a t c h e r d , S h e f f i e l d , E n g l a n d , and P r o f e s s o r M.I. Grossman, 
Los A n g e l e s , CA, USA, a l s o p r o d u c e d c o n t r a d i c t o r y r e s u l t s . U l t i m a t e l y t h e 
s e c r e t i n p o t e n c y i n an aqueous s o l u t i o n was f o u n d t o d e c r e a s e h a r d l y , i f a t 
a l l , when measures were t a k e n t o p r e v e n t a d s o r p t i o n on t h e w a l l o f t h e v e s s e l 
i n w h i c h t h e s o l u t i o n was s t o r e d , by means of c e r t a i n a d d i t i o n s . S e c r e t i n was 
f o u n d t o have a s t r o n g t e n d e n c y t o a d s o r b on d i f f e r e n t m a t e r i a l s . 

A number o f r e a c t i o n s t h a t may o c c u r i n p e p t i d e s a r e known. One o f t h e s e 
r e a c t i o n s , t h e Asp ( a->-8)-Gly-rearrangement ( F i g . 2 ) , was g e n e r a l l y c o n s i d e r e d 
t o be r e s p o n s i b l e f o r t h e i n s t a b i l i t y of s e c r e t i n . Some r e a c t i o n s were 
s t u d i e d , a t f i r s t i n model p e p t i d e s , l a t e r i n s e c r e t i n . The Asp ( a + B ) - G l y -
r e a r r a n g e m e n t was f o u n d t o p r o c e e d s l o w l y i n s e c r e t i n . I n a w e a k l y a c i d i c 
medium a t t h e same t i m e a s p l i t t i n g o f t h e Asp - G l y p e p t i d e c h a i n was f o u n d t o 
o c c u r . I n d i c a t i o n s were a l s o f o u n d , - a f t e r r e s e a r c h on model p e p t i d e s and 
s e c r e t i n , t h a t an A s p ^ ( a + B ) - S e r - r e a r r a n g e m e n t o c c u r r e d . A number o f o t h e r 
c o n c e i v a b l e r e a c t i o n s c o u l d n o t be shown t o o c c u r i n s e c r e t i n . 

The r a p i d l o s s o f b i o l o g i c a l p o t e n c y i n a s o l u t i o n o f s e c r e t i n t h e r e f o r e 
i s p r o b a b l y due i n p a r t i c u l a r t o a r e v e r s i b l e a d s o r p t i o n on g l a s s o r s y n t h e t i c 
m a t e r i a l s . T h i s may be p r e v e n t e d by the use of c e r t a i n a d d i t i o n s . A number o f 
c h e m i c a l r e a c t i o n s p r o c e e d o n l y s l o w l y . Some of t h e s e r e a c t i o n s c a u s e a l o s s 
o f b i o l o g i c a l p o t e n c y , as i s shown i n c h a p t e r 5. 
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F i g . 2 The A s p ( a + 3 ) - r e a r r a n g e m e n t i n s e c r e t i n . 

A s p 3 : R=H; A s p 1 5 : R=CH 2OH 

I n c h a p t e r 4 t h e s y n t h e s i s and some p r o p e r t i e s a r e d e s c r i b e d o f S ( l — 6)-NH2, 

[ 3 - A s p 3 ] - S ( l - 6 ) - N H 2 , [ a s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 , S ( 4 - 6 ) - N H 2 , S ( 1 3 - 1 8 ) , [ $ - A s p 1 5 ] -

S ( 1 3 - 1 8 ) , S ( 1 3 - 1 4 ) , and S ( 1 5 - 1 8 ) . These p e p t i d e s were u s e d i n t h e 

i n v e s t i g a t i o n i n t o t he b e h a v i o u r of p a r t i a l s e quences o f s e c r e t i n i n an 

aqueous s o l u t i o n , as d e s c r i b e d i n c h a p t e r 3. 

I n c h a p t e r 5 t h e s y n t h e s i s , t h e b i o l o g i c a l and i m m u n o l o g i c a l 
b e h a v i o u r , and some c h r o m a t o g r a p h i c p r o p e r t i e s a r e d e s c r i b e d o f [8-Asp ] -
s e c r e t i n , [ a s p a r t o y l ] - s e c r e t i n , and s e c r e t i n ( 4 - 2 7 ) . These p e p t i d e s were u s e d 
i n t h e i n v e s t i g a t i o n i n t o t h e b e h a v i o u r o f s e c r e t i n i n an aqueous s o l u t i o n , as 
d e s c r i b e d i n c h a p t e r 3. 

I n c h a p t e r 6 t h e s y n t h e s i s and t h e b i o l o g i c a l and i m m u n o l o g i c a l b e h a v i o u r a r e 
d e s c r i b e d o f [ A l a 4 ] - s e c r e t i n and [ S a r 4 ] - s e c r e t i n . I n t h e s e p e p t i d e s t h e 
A s p 3 ( a + 0 ) - G l y - r e a r r a n g e m e n t w i l l p r o c e e d l e s s r a p i d l y t h a n i n s e c r e t i n , so 
t h a t , i f d e s i r e d , t h e y m i g h t be used as " s t a b l e " s e c r e t i n p r e p a r a t i o n s . B o t h 
p e p t i d e s , however, were f o u n d t o be much l e s s p o t e n t t h a n s e c r e t i n . 

I n c h a p t e r 7 t h e s y n t h e s i s and t h e b i o l o g i c a l and i m m u n o l o g i c a l b e h a v i o u r a r e 
d e s c r i b e d o f t h r e e a n a l o g u e s of s e c r e t i n w h i c h have been m o d i f i e d i n s u c h a 
way t h a t t h e i r sequences a r e more s i m i l a r t o t h a t of t h e v a s o a c t i v e i n t e s t i n a l 
p e p t i d e ( V I P ) . V I P i s a g a s t r o i n t e s t i n a l p e p t i d e g r e a t l y r e s e m b l i n g s e c r e t i n 
as f a r as t h e p r i m a r y s t r u c t u r e and t h e p h y s i o l o g i c a l / p h a r m a c o l o g i c a l 
b e h a v i o u r a r e c o n c e r n e d . The s y n t h e s i z e d p e p t i d e s , c a l l e d v a s e c t r i n s by u s , 
were s y n t h e s i z e d (1) t o o b t a i n " s t a b l e " s e c r e t i n p r e p a r a t i o n s and ( 2 ) t o s t u d y 
p roblems i n the s y n t h e s i s o f V I P . W i t h t h e a n a l o g u e s v a r i o u s e x p e r i m e n t s were 
c a r r i e d o u t , as a r e s u l t o f w h i c h a more p r o f o u n d i n s i g h t i n t o t h e 
i m m u n o l o g i c a l p r o p e r t i e s of s e c r e t i n was g a i n e d . 
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The r e s e a r c h on s e c r e t i n , p a r t l y d e s c r i b e d i n t h i s t h e s i s , has been p u b l i s h e d 
o r i s i n t h e p r e s s ( 2 8 , 9 3 - 1 0 3 ) . 
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S e c r e t i n e i s een hormoon dat voorkomt i n de mucosa van h e t b o v e n s t e g e d e e l t e 
van de darm i n v e l e d i e r e n en de mens. De v oornaamste p r i k k e l d i e h e t hormoon 
d o e t v r i j k o m e n i n h e t b l o e d i s h e t z u u r worden van de b o v e n s t e d a r m i n h o u d . De 
b e l a n g r i j k s t e b i o l o g i s c h e w e r k i n g i s h e t s t i m u l e r e n van de p a n c r e a s t o t h e t 
u i t s c h e i d e n van een b a s i s c h e , enzymen b e v a t t e n d e v l o e i s t o f . 

S e c r e t i n e l e e k t o e p a s b a a r a l s g e n e e s m i d d e l b i j zweren van h e t maag-darm­
k a n a a l en a l s d i a g n o s t i c u m , b i j v o o r b e e l d v o o r de p a n c r e a s f u n c t i e . Een g r o o t 
p r o b l e e m h i e r b i j was evenwel de i n s t a b i l i t e i t v a n h e t hormoon i n v i t r o . Een 
a a n t a l o n d e r z o e k e r s maakte m e l d i n g van h e t f e i t d a t de b i o l o g i s c h e a c t i v i t e i t 
v a n s e c r e t i n e s n e l afnam, v o o r a l i n w a t e r i g e o p l o s s i n g . Het d o e l van h e t i n 
d i t p r o e f s c h r i f t b e s c h r e v e n o n d e r z o e k was h e t v i n d e n van de o o r z a a k of de 
o o r z a k e n van de d e s a c t i v e r i n g van s e c r e t i n e i n v i t r o op h e t m o l e c u l a i r e n i v e a u 
en h e t v i n d e n van een p r a c t i s c h e o p l o s s i n g . 

H o o f d s t u k 1 g e e f t een algemeen o v e r z i c h t van s e c r e t i n e . S e c r e t i n e was h e t 
e e r s t e hormoon d a t a l s z o d a n i g werd h e r k e n d , i n 1902, door B a y l i s s en 
S t a r l i n g . Pas i n 1961 werd h e t hormoon geïsoleerd u i t v a r k e n s d a r m . Het b l e e k 
een l i n e a i r 2 7 - p e p t i d e amide t e z i j n ( F i g . 1 ) . 

H i s - S e r - A s p - G l y - T h r - P h e - T h r - S e r - G l u - L e u - S e r - A r g - L e u - A r g -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

- A s p - S e r - A l a - A r g - L e u - G l n - A r g - L e u - L e u - G l n - G l y - L e u - V a l - N H 2 

15 16 17 18 19 20 21 22 23 24 25 26 27 

F i g . 1 De s e q u e n t i e van v a r k e n s s e c r e t i n e . 

Het p e p t i d e werd meerdere malen g e s y n t h e t i s e e r d , onder a n d e r e i n D e l f t . 
De s e c u n d a i r e en t e r t i a i r e s t r u c t u u r werden b e s t u d e e r d met 0RD-, CD- en 
N M R - s p e c t r o s c o p i e en e l e c t r o n e n m i c r o s c o p i e . Het p e p t i d e b l i j k t i n o p l o s s i n g 
v o o r t e komen i n een v o o r k e u r s c o n f o r m a t i e , g e d e e l t e l i j k a l s o t - h e l i x . Een g r o o t 
a a n t a l a n a l o g a , d e e l s e q u e n t i e s en a n a l o g a h i e r v a n , z i j n g e s y n t h e t i s e e r d . 
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I n h o o f d s t u k 2 wordt de s y n t h e s e van s e c r e t i n e met b e h u l p van de r e p e t i t i e v e 
overmaat gemengd a n h y d r i d e methode b e s p r o k e n . T e n e i n d e o n d e r z o e k aan s e c r e t i n e 
t e kunnen doen i s h e t van b e l a n g o v e r een v o l d o e n d g r o t e h o e v e e l h e i d e r v a n t e 
b e s c h i k k e n . Deze kan a l l e e n worden v e r k r e g e n door m i d d e l van s y n t h e s e . Op d i t 
l a b o r a t o r i u m werd door Van Zon en Beyerman een goede s y n t h e s e o n t w i k k e l d met 
b e h u l p van de r e p e t i t i e v e overmaat gemengd a n h y d r i d e methode. Deze s y n t h e s e 
werd door ons op e n k e l e punten g e w i j z i g d . Een a a n t a l beschermende g r o e p e n werd 
v e r a n d e r d t e r w i j l de u i t e i n d e l i j k e o n t s c h e r m i n g van h e t beschermde p e p t i d e -
v o o r h e e n k a t a l y t i s c h e h y d r o g e n o l y s e - t h a n s p l a a t s v o n d door a c i d o l y s e i n 
v l o e i b a r e w a t e r s t o f f l u o r i d e / a n i s o o l . De s y n t h e s e werd g e h e e l v e r v o l g d met 
r e v e r s e - p h a s e hoge d r u k v l o e i s t o f c h r o m a t o g r a f i e , w a a r v o o r een a a n t a l systemen 
werd o n t w i k k e l d . 

I n h o o f d s t u k 3 wordt h e t o n d e r z o e k n a a r h e t v e r l i e s aan b i o l o g i s c h e a c t i v i t e i t 
van s e c r e t i n e i n v i t r o b e s c h r e v e n . Een a a n z i e n l i j k a a n t a l o n d e r z o e k e r s meldde 
d a t s e c r e t i n e n i e t s t a b i e l was. V o o r a l i n w a t e r i g m i l i e u g i n g de b i o l o g i s c h e 
a c t i v i t e i t van s e c r e t i n e soms s n e l v e r l o r e n . U i t de v e r s c h i l l e n d e gegevens was 
e c h t e r geen d u i d e l i j k b e e l d t e vormen onder w e l k e o m s t a n d i g h e d e n de a c t i v i t e i t 
v e r l o r e n g i n g . 

E x p e r i m e n t e n met door ons g e s y n t h e t i s e e r d s e c r e t i n e , i n samenwerking met 
P r o f e s s o r T. S c r a t c h e r d , S h e f f i e l d , E n g e l a n d en P r o f e s s o r M.I. Grossman, Los 
A n g e l e s , CA, USA, gaven ook t e g e n s t r i j d i g e r e s u l t a t e n . U i t e i n d e l i j k b l e e k de 
s e c r e t i n e a c t i v i t e i t i n w a t e r i g e o p l o s s i n g n i e t o f n a u w e l i j k s a f t e nemen a l s 
m a a t r e g e l e n genomen werden om a d s o r p t i e v a n h e t p e p t i d e , aan de wand van h e t 
v a a t j e w a a r i n de o p l o s s i n g werd bewaard, t e g e n t e gaan door b e p a a l d e 
t o e v o e g i n g e n . S e c r e t i n e b l e e k een s t e r k e n e i g i n g t e b e z i t t e n aan v e r s c h i l l e n d e 
m a t e r i a l e n t e a d s o r b e r e n . 

Een a a n t a l r e a c t i e s i s bekend d i e kunnen o p t r e d e n i n p e p t i d e n . Een van 
deze r e a c t i e s , de A s p J ( a + B ) - G l y - o m l e g g i n g ( F i g . 2 ) , werd algemeen 
v e r a n t w o o r d e l i j k g e a c h t v o o r de i n s t a b i l i t e i t van s e c r e t i n e . E n k e l e r e a c t i e s 
werden b e s t u d e e r d , a a n v a n k e l i j k i n m o d e l p e p t i d e n , l a t e r i n s e c r e t i n e . De 
Asp ( a + 8 ) - G l y - o m l e g g i n g b l e e k langzaam op t e t r e d e n i n s e c r e t i n e . I n zwak z u u r 
m i l i e u b l e e k t e v e n s een Asp - G l y p e p t i d e k e t e n s p l i t s i n g op t e t r e d e n . Ook 
werden a a n w i j z i n g e n gevonden, na o n d e r z o e k aan m o d e l p e p t i d e n en s e c r e t i n e , d a t 
een A s p ^ ( a + 8 ) - S e r - o m l e g g i n g o p t r a d . Een a a n t a l a ndere denkbare r e a c t i e s kon 
n i e t worden aangetoond i n s e c r e t i n e . 
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g 
. C - O H 

O H R O ii t f ii 
C - N - C H - C -

H C H , 
i i 2 

- N - C H 
C - N - C H - C -
6 H R 

0 ^ - N - C H ' 
1 — \ 

H C H 2 

- N - C H 
C - O H 
II 
O 

F i g . 2 De A s p ( a + 8 ) - o m l e g g i n g i n s e c r e t i n e . 

A s p 3 : R=H; A s p 1 5 : R=CH2OH 

Het s n e l l e v e r l i e s aan b i o l o g i s c h e a c t i v i t e i t i n een o p l o s s i n g v a n s e c r e t i n e 
w o r d t dus w a a r s c h i j n l i j k v o o r a l v e r o o r z a a k t door een r e v e r s i b e l e a d s o r p t i e aan 
g l a s o f k u n s t s t o f f e n . D i t kan worden voorkomen d o o r b e p a a l d e t o e v o e g i n g e n t e 
doen. E n k e l e chemische r e a c t i e s t r e d e n s l e c h t s l a n g z a a m op. Sommige van deze 
r e a c t i e s v e r o o r z a k e n een v e r l i e s aan b i o l o g i s c h e a c t i v i t e i t z o a l s i n h o o f d s t u k 
5 b l i j k t . 

I n h o o f d s t u k 4 worden de s y n t h e s e en e n k e l e e i g e n s c h a p p e n b e s c h r e v e n van 
S ( l - 6 ) - N H 2 . _ [ 6 - A s p 3 ] - S ( l - 6 ) - N H 2 , [ a s p a r t o y l 3 ] - S ( l - 6 ) - N H 2 > S ( 4 - 6 ) - N H 2 , 
S ( 1 3 - 1 8 ) , [ g - A s p 1 5 ] - S ( 1 3 - 1 8 ) , S(13-14) en S ( 1 5 - 1 8 ) . Deze p e p t i d e n werden 
g e b r u i k t b i j h e t o n d e r z o e k n a a r h e t g e d r a g van d e e l s e q u e n t l e s van s e c r e t i n e i n 
w a t e r i g e o p l o s s i n g , z o a l s b e s c h r e v e n i n h o o f d s t u k 3. 

I n h o o f d s t u k 5 worden de s y n t h e s e , de b i o l o g i s c h e en i m m u n o l o g i s c h e a c t i v i t e i t 
en e n k e l e c h r o m a t o g r a f i s c h e e i g e n s c h a p p e n b e s c h r e v e n van [ g - A s p ] - s e c r e t i n e , 
[ a s p a r t o y l 3 ] - s e c r e t i n e en s e c r e t i n e ( 4 - 2 7 ) . Deze p e p t i d e n werden g e b r u i k t b i j 
h e t o n d e r z o e k n a a r het g e d r a g van s e c r e t i n e i n w a t e r i g e o p l o s s i n g , z o a l s 
b e s c h r e v e n i n h o o f d s t u k 3. 

I n h o o f d s t u k 6 worden de s y n t h e s e en de b i o l o g i s c h e en i m m u n o l o g i s c h e 
a c t i v i t e i t b e s c h r e v e n van [ A l a 4 ] - s e c r e t i n e en [ S a r 4 ] - s e c r e t i n e . I n deze 
p e p t i d e n z a l de A s p 3 ( a - > - 8)-Gly-omlegging m i n d e r s n e l o p t r e d e n dan i n s e c r e t i n e , 
z o d a t ze e v e n t u e e l a l s " s t a b i e l " s e c r e t i n e p r e p a r a a t zouden kunnen worden 
g e b r u i k t . B e i d e p e p t i d e n b l e k e n evenwel v e e l m i n d e r a c t i e f t e z i j n dan 
s e c r e t i n e . 
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I n hoofdstuk. 7 worden de s y n t h e s e en de b i o l o g i s c h e en i m m u n o l o g i s c h e a c t i v i ­
t e i t b e s c h r e v e n van d r i e a n a l o g a van s e c r e t l n e d i e z o d a n i g z i j n g e m o d i f i c e e r d 
d a t hun s e q u e n t i e s meer op d i e van h e t v a s o a c t i v e i n t e s t i n a l p e p t i d e ( V I P ) 
l i j k e n . VIP i s een g a s t r o i n t e s t i n a a l p e p t i d e d a t v e e l op s e c r e t i n e l i j k t , qua 
p r i m a i r e s t r u c t u u r en qua f y s i o l o g i s c h / f a r m a c o l o g i s c h g e d r a g . 

De g e s y n t h e t i s e e r d e p e p t i d e n , d o o r ons v a s e c t r i n e s genoemd, werden 
g e s y n t h e t i s e e r d om " s t a b i e l e " s e c r e t i n e p r e p a r a t e n t e v e r k r i j g e n en pr o b l e m e n 
b i j de s y n t h e s e van VIP t e b e s t u d e r e n . M=t de a n a l o g a werden d i v e r s e 
e x p e r i m e n t e n u i t g e v o e r d waardoor een d i e p e r i n z i c h t i n v o o r a l de 
i m m u n o l o g i s c h e e i g e n s c h a p p e n v a n s e c r e t i n e werd v e r k r e g e n . 

Het o n d e r z o e k aan s e c r e t i n e , g e d e e l t e l i j k b e s c h r e v e n i n d i t p r o e f s c h r i f t , i s 
g e p u b l i c e e r d of i n d r u k ( 2 8 , 9 3 - 1 0 3 ) . 
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