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PREPARATION, CHEMICAL CHARACTERIZATION AND DEGRADATION 

STUDIES OF A BOVINE ^-GLYCOPROTEIN

CHAPTER I

INTRODUCTION

The s t u d y  of  p r o t e i n  componen t s  o f  s e rum b e g a n  

a b o u t  a c e n t u r y  ago ;  f i b r i n o g e n  was s e p a r a t e d  f r om t h e  r e s t  

o f  t h e  p l a s m a  i n  an i n s o l u b l e  fo r m,  f i b r i n ,  e u g l o b u l i n  was 

o b t a i n e d  as  p r e c i p i t a t e  on d i l u t i o n ,  and t h e  h e a t  i n c o a g u l a ­

b l e  f r a c t i o n  was named s e r o m u c o i d  ( l ) .  A f t e r  t h e  r e c o g n i t i o n  

t h a t  t h e r e  w e r e  p r o t e i n s  of  d i f f e r e n t  p r o p e r t i e s  i n  t h e  

b l o o d ,  numer ous  p r o c e d u r e s  w e r e  d e v e l o p e d  f o r  t h e i r  s e p a r a ­

t i o n .  T he se  m e t h o d s  i n c l u d e d  s a l t  f r a c t i o n a t i o n ,  d i a l y s i s ,  

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

t r o p h o r e s i s  and s e l e c t i v e  p r e c i p i t a t i o n .  I n  t h e  e a r l y  

s t a g e s  o f  f r a c t i o n a t i o n  of  t h e  complex m i x t u r e  o f  p l a s m a  

p r o t e i n s  c o n f u s i o n  e x i s t e d  i n  t h e  n o m e n c l a t u r e  a p p l i e d  by 

d i f f e r e n t  w o r k e r s  u s i n g  t h e  v a r i o u s  t e c h n i q u e s .  I n  1937 

T i s e l i u s  ( 2 )  d e v e l o p e d  t h e  moving  b o u n d a r y  e l e c t r o p h o r e s i s  

a p p a r a t u s  and s u c c e e d e d  i n  s e p a r a t i n g  s e r um p r o t e i n  i n t o  

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

b u l i n  f r a c t i o n s  we re  named o(-, and f - g l o b u l i n  a c c o r d i n g
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2
t o  t h e i r  m o b i l i t y  i n  an e l e c t r i c  f i e l d ,  S v e n s s o n  ( 3 )  by t h e  

a i d  o f  t h e  e l e c t r o p h o r e t i c  t e c h n i q u e  s t u d i e d  t h e  f r a c t i o n a ­

t i o n  o f  h o r s e ,  cow,  s wi ne  and r a b b i t  s e rum and d e m o n s t r a t e d  

t h e  h e t e r o g e n e i t y  o f  many o f  t h e  g l o b u l i n  f r a c t i o n s  o b t a i n ­

ed t h r o u g h  d i f f e r e n t  p r o c e d u r e s .  At  t h e  p r e s e n t  t i m e ,  i n  

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

o c c u r r i n g  c o m p o n e n t s  t h a t  a r e  s e p a r a t e d  by a new t e c h n i q u e ,  

o r  n e wl y  d i s c o v e r e d  a b n o r m a l  c o m p o ne n t s  a r e  f r e q u e n t l y  

named by r e f e r e n c e  t o  e l e c t r o p h o r e t i c  f r a c t i o n s  o f  n o r m a l  

human s e r um m e a s u r e d  i n  pH 8 . 6  b a r b i t a l  b u f f e r .

Among a l l  t h e  f r a c t i o n s  o f  s e r um ,  a l b u m i n ,  o ( - g l o -  

b u l i n ,  / 3 - g l o b u l i n  and  f - g l o b u l i n ,  r e l a t i v e l y  f ew s t u d i e s  

h a v e  b e e n  d o n e  on ^ - g l o b u l i n  g l y c o p r o t e i n .

I n  t h i s  s t u d y ,  a ^ - g l o b u l i n  was  p r e p a r e d  f r o m  

b o v i n e  s e r u m c h a r a c t e r i z e d  c h e m i c a l l y ,  and a d e g r a d a t i v e  

s t u d y  was  c a r r i e d  o u t  on t h e  p r e p a r a t i o n .



CHAPTER I I  

LITERATURE REVIEW

S i n c e  t h e  s t u d y  i s  c o n c e r n e d  w i t h  t h e  p r e p a r a t i o n  

and c h e m i c a l  s t u d y  of  a ^ - g l o b u l i n  g l y c o p r o t e i n  f r a c t i o n ,  

t h i s  r e v i e w  w i l l  c o v e r  b o t h  o f  t h e  1)  p u r i f i c a t i o n  of  

^ - g l o b u l i n s  and 2)  s t r u c t u r a l  s t u d i e s  o f  t h e  g l y c o p r o t e i n s .

P r e p a r a t i o n  o f  ^ - G l o b u l i n s

Numerous  p - g l o b u l i n s  h a v e  b e e n  d e m o n s t r a t e d  by 

v a r i o u s  c e n t r i f u g a t i o n  and  e l e c t r o p h o r e t i c  t e c h n i q u e s .  Only  

t h e  p r e p a r a t i v e  t e c h n i q u e  w i l l  b e  r e v i e w e d  h e r e  b e c a u s e  a 

l a r g e  q u a n t i t y  o f  ^ - g l o b u l i n  i s  r e q u i r e d  f o r  c o m p l e t e  c h e m i ­

c a l  s t u d i e s .

V a r i o u s  s a l t s  h a v e  b e e n  u s e d  f o r  t h e  f r a c t i o n a t i o n ,  

e s p e c i a l l y  sodium s u l f a t e ,  ammonium s u l f a t e ,  and p o t a s s i u m  

p h o s p h a t e .

F i v e  p r o t e i n  f r a c t i o n s  w er e  s u c c e s s i v e l y  s e p a r a t e d  

f r o m p l a s m a  by t h e  Howe me t ho d  ( 4 )  w i t h  sod ium s u l f a t e ;  

f i b r i n o g e n  by 1 0 . 7  % Na^SO^,  e u g l o b u l i n  by 1 4 . 2  %\ p s e u d o ­

g l o b u l i n  I  by 1 7 . 8  %'. p s e u d o g l o b u l i n  I I  by 2 1 . 3  % r e s p e c ­

t i v e l y :  t h e  a l b um i n  r e m a i n i n g  i n  s o l u t i o n .

B u t l e r  ejt al^. ( 5 )  s u c c e e d e d  i n  s e p a r a t i n g  t h e  h o r s e
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p l a s m a  i n t o  4 f r a c t i o n s .  F r a c t i o n  I  c o n t a i n i n g  f i b r i n o g e n  

was p r e c i p i t a t e d  a t  a m o l a r  c o n c e n t r a t i o n  o f  p h o s p h a t e  o f  

1 . 2 5 .  F r a c t i o n  I I ,  p r o b a b l y  l a r g e l y  e u g l o b u l i n ,  b u t  no more  

t h a n  two t h i r d s  o f  t h e  t o t a l  a moun t ,  p r e c i p i t a t e d  a t  a 

m o l a r  c o n c e n t r a t i o n  o f  p h o s p h a t e  o f  1 . 25  and i t  c o n t i n u e d  

t o  b e  p r e c i p i t a t e d  w i t h o u t  t h e  a c t i v e  p r e c i p i t a t i o n  o f  

p s e u d o g l o b u l i n  up t o  a m o l a r  c o n c e n t r a t i o n  of  1 . 5 0 .  F r a c ­

t i o n  I I I ,  r e p r e s e n t i n g  a p p r o x i m a t e l y  80 % of  t h e  p s e u d o g l o ­

b u l i n  and  30 % of  t h e  e u g l o b u l i n  p r e c i p i t a t e d  b e t w e e n  t h e  

m o l a r  c o n c e n t r a t i o n s  o f  1 . 5 0  and 2 , 4 0 .  F r a c t i o n  IV,  c o n ­

s i s t i n g  o f  a l b u m i n  1 w i t h  some p s e u d o g l o b u l i n  b e g a n  t o  p r e ­

c i p i t a t e  a t  a m o l a r  c o n c e n t r a t i o n  o f  p h o s p h a t e  o f  2 . 4 0  and 

c o n t i n u e d  t o  be  p r e c i p i t a t e d  w i t h o u t ' t h e  a c t i v e  p r e c i p i t a ­

t i o n  of  a l b u m i n  2 up t o  a m o l a r  c o n c e n t r a t i o n  of  2 . 5 8 .  

F r a c t i o n  V, c o n s i s t i n g  l a r g e l y  o f  a lb u mi n  2 w i t h  a t r a c e  

amount  o f  p s e u d o g l o b u l i n  and a l b u m i n  1,  b eg an  t o  p r e c i p i ­

t a t e  a t  a m o l a r  c o n c e n t r a t i o n  o f  p h o s p h a t e  o f  2 . 5 8  and was 

c o m p l e t e l y  p r e c i p i t a t e d  a t  a 3 . 0 0  M c o n c e n t r a t i o n  o f  p h o s ­

p h a t e .

The t r a d i t i o n a l  ammonium s u l f a t e  f r a c t i o n  d i v i d e d  

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

m a t e l y  0 . 2 0  -  0 . 2 5  s a t u r a t i o n  w i t h  ammonium s u l f a t e ;  e u g l o ­

b u l i n ,  s e p a r a t e d  b y  0 , 3 3  s a t u r a t i o n ;  and a l b u m i n  wh i ch  r e ­

m a i ns  i n  s o l u t i o n  a f t e r  a l l  t h e  o t h e r  f r a c t i o n s  h a v e  b e e n  

p r e c i p i t a t e d  ( 6 ) ,

I t  h a s  l o n g  b e e n  r e c o g n i z e d  t h a t  t h i s  s i m p l e  scheme



of  p r o c e d u r e  d i d  n o t  s h a r p l y  s e p a r a t e  a s e r i e s  o f  homo­

g e n e o u s  and  u n i f o r m  f r a c t i o n s .  The f o l l o w i n g  e v a l u a t i o n  was 

made by K u g e l m a s s  ( 7 ) ;  e u g l o b u l i n  = T - g l o b u l i n ;  p s e u d o g l o ­

b u l i n  = cKj^-and # 2 - g l o b u l i n s ;  s u p e r n a t a n t  a l b u mi n  = +

# 2 ) - g l o b u l i n s  and a l b u m i n .

P r e p a r a t i o n  o f  an e l e c t r o p h o r e t i c a l l y  r e l a t i v e l y  

homogeneous  ^ g l o b u l i n  was a c c o m p l i s h e d  by u s i n g  s a l t  f r a c ­

t i o n a t i o n  w i t h  ammonium s u l f a t e  and d i a l y s i s  by Cohn e t  a l . 

( 8 ) .  By d i a l y z i n g  v a r y i n g  q u a n t i t i e s  o f  s a l t  i n t o  se rum 

t h r o u g h  c e l l u l o s e  membrane ,  t h e y  w e r e  a b l e  t o  f r a c t i o n a t e  

t h e  h o r s e  s e r um i n t o  t h e  f o l l o w i n g  f r a c t i o n s :

FRACTIONATION OF HORSE SERUM

F r a c t i o n C o n c e n t r a t i o n  of  Ammonium S u l f a t e T y p e s  of  
P r o t e i n  P r e ­
c i p i t a t e d

Mol e s  p e r  L i t e r % o f  S a t u r a t i o n

I 1 . 3 9 0 . 3 4 L a r g e l y
T - g l o b u l i n

I I 1 . 6 4 0 . 4 0 T - , A-and 
o ( - g l o b u l i n

I I I 2 . 0 5 0 . 5 0 P- , o ( - g l obu ­
l i n ,  M uc og lo -  
b u l i n

IV 2 . 5 7 0 . 6 2 L a r g e l y  c r y ­
s t a l l i n e  a l ­
bumin

V 2 . 8 0 0 . 6 8 H a emo c up r e -  
i n e ,  c h o l i n e  
e s t e r a s e ,  
g l y c o p r o t e i n ,  
p h o s p h a t a s e

The f r a c t i o n  I I I  was d i a l y z e d  a g a i n s t  d i s t i l l e d
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w a t e r  and t h e  non d i a l y z a b l e  p o r t i o n  was r e p r e c i p i t a t e d  by 

s l o w l y  a d d i n g  ammonium s u l f a t e  t o  1 . 64  -  1 , 7 8  M. The d i a l y ­

s i s  and ammonium s u l f a t e  p r e c i p i t a t i o n  w er e  r e p e a t e d  once  

m o r e .  The p r e c i p i t a t e  was  d i s s o l v e d  i n  w a t e r ,  a d j u s t e d  t o  

pH 5 and d i a l y z e d .  The non  d i a l y z a b l e  f r a c t i o n  was f o u n d  t o  

c o n t a i n  l a r g e l y  / â - g l o b u l i n .

Cohn and c o - w o r k e r s  ( 9 ) ,  by u s i n g  e t h a n o l  p r e c i p i ­

t a t i o n  a t  c o n t r o l l e d  t e m p e r a t u r e ,  pH, i o n i c  s t r e n g t h  and 

p r o t e i n  c o n c e n t r a t i o n ,  w e r e  a b l e  t o  f r a c t i o n a t e  b l o o d  p r o ­

t e i n  i n t o  f i v e  m a j o r  f r a c t i o n s .  I ,  I I  + I I I ,  IV -  1 ,  IV -  4 

and V.  The f r a c t i o n  I I  + I I I  was d e m o n s t r a t e d  t o  b e  a mi x ­

t u r e  o f  7 - g l o b u l i n  and  ^ l i p o p r o t e i n .  L a t e r  t h e  c o l d  

e t h a n o l  me th od  was e x t e n d e d  f o r  s u b f r a c t i o n a t i o n  o f  t h e  

m a j o r  f r a c t i o n s  o f  I I  + I I I .  ( 10 )

From Cohn f r a c t i o n  I V - 7 ,  t h e  (!^-metal  c o m b i n i n g  

p r o t e i n  o f  human p l a s m a  was  c r y s t a l i z e d  f r om e t h a n o l - w a t e r  

m i x t u r e s  o f  c o n t r o l l e d  pH,  i o n i c  s t r e n g t h  and t e m p e r a t u r e  

by K o e c h l i n  ( 1 1 ) .  When t h e  s o l u t i o n  of  f r a c t i o n  I V - 7  c o n ­

t a i n i n g  76 % o f  / ^ - m e t a l  c o m b i n i n g  p r o t e i n  w i t h  i m p u r i t i e s  

o f  a l b u m i n  and  c ^ ^ - g l o b u l i n  was a d j u s t e d  t o  pH 4 . 4 5 ,  i o n i c  

s t r e n g t h  0 , 1 ,  t h e  i m p u r i t y ,  < ^ - g l o b u l i n ,  was p r e c i p i t a t e d  

by  0 . 0 9 1  M f r a c t i o n  of  e t h a n o l  a t  - 5 °  C and p r o t e i n  c o n ­

c e n t r a t i o n  o f  1 %,  The s u p e r n a t a n t  was a g a i n  a d j u s t e d  t o  

pH 6 , 1  i o n i c  s t r e n g t h  0 . 2 4  and t h e  / ^ - g l o b u l i n  was p r e ­

c i p i t a t e d  by 0 . 1 6 3  Ni e t h a n o l  f r a c t i o n .  The / ^ - g l o b u l i n  

w h i c h  had  b e e n  washed  w i t h  e t h a n o l  t o  l o w e r  t h e  s a l t  con™
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c e n t r a t i o n  was c r y s t a l l i z e d  a t  - 3 °  C,  pH 6 , 2  by  a d d i n g  

5 3 . 3  % e t h a n o l  ve r y  s l o w l y .  A c c o r d i n g  t o  B o e t t c h e r  ( 1 2 )  t h e  

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

H o r e j s i  ejt ( 13)  o b s e r v e d  t h a t  0 . 4  % a q u e o u s  

s o l u t i o n  o f  r i v a n o l  ( 2 - e t h o x y - 6 , 9 - d i a m i n o a c r i d i n e )  w ou l d  

q u a n t i t a t i v e l y  p r e c i p i t a t e  a l b u m i n ,  f i b r i n o g e n  and m o s t  o f  

t h e  d - a n d  ^ - g l o b u l i n s  f r o m  b l o o d  s e r um o r  p l a s m a .  Gamma 

g l o b u l i n s  w e r e  n o t  a f f e c t e d  by r i v a n o l  and c o u l d  b e  r e ­

c o v e r e d  by e t h a n o l  p r e c i p i t a t i o n .  I t  was a l s o  f o u n d  t h a t  t h e  

p u r i t y  o f  y - g l o b u l i n  i s o l a t e d  was d e p e n d e n t  on t h e  q u a l i t y  

o f  t h e  r i v a n o l  used  s i n c e  some of  t h e i r  p r e p a r a t i o n  c o n ­

t a i n e d  up t o  1 0 - 2 0  % | ? - g l o b u l i n s . A c c o r d i n g  t o  t h i s  e x p e r i ­

m e n t  t h e  r i v a n o l  s h o u l d  be  a good p r e c i p i t a n t  i n  p u r i f y i n g  

t h e  c o m m e r c i a l  ^ - g l o b u l i n ,  C o h n ' s  f r a c t i o n  .I l l ,  b e c a u s e  t h e  

c o m m e r c i a l  ^ - g l o b u l i n  c o n t a i n s  b o t h  ^ - g l o b u l i n  and | ' - g l o -  

b u l i n .

A c c o r d i n g  t o  B o e t t c h e r  ( 1 2 ) ,  ^ m e t a l  b i n d i n g  f r a c ­

t i o n  ( t r a n s f e r r i n )  i s  n o t  p r e c i p i t a b l e  by r i v a n o l ,  t h e r e ­

f o r e  i t  i s  l i k e l y  t h a t  t h e  y - g l o b u l i n  o b t a i n e d  by H o r e j s i  

was  c o n t a m i n a t e d  w i t h  m e t a l  b i n d i n g  / ^ g l o b u l i n s .

S a i f e r  ejb ( 1 4 )  i n  s t u d y i n g  t h e  i n t e r a c t i o n  o f  

r i v a n o l  and p r o t e i n  o b s e r v e d  t h a t  when an i n c r e a s i n g  v o l um e  

o f  0 . 4  % r i v a n o l  s o l u t i o n  was a dd ed  t o  a f i x e d  vo lume  o f  

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

p r o g r e s s i v e l y  removed f r o m  t h e  s u p e r n a t a n t  and a p p e a r e d  i n  

c o r r e s p o n g i n g  p r e c i p i t a t e s .  I n  a 1 : 4  (Se r um,  1 p a r t ,  :
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0 , 4  % r i v a n o l ,  4 p a r t s )  m i x t u r e  t h e  s u p e r n a t a n t  c o n t a i n s  o n l y  

t -  and  ^ - g l o b u l i n s .  F u r t h e r  a d d i t i o n  o f  0 , 4  % r i v a n o l  s o ­

l u t i o n  d i d  n o t  r e s u l t  i n  s e p a r a t i o n  of  any  a d d i t i o n a l  f r a c ­

t i o n s .  The m i x t u r e  o f  Y- and ^ - g l o b u l i n s  ( w i t h o u t  r e mo v a l  

of  t h e  r i v a n o l )  was i n j e c t e d  b o t h  i n t r a v e n e o u s l y  and sub-  

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

t h a t  r i v a n o l  had  no d e l e t e r i o u s  e f f e c t  on r a b b i t  and r e ­

s u l t e d  i n  h i g h  t i t e r  a n t i s e r a .

W d l l e n i u s  _et (15 )  by u s i n g  s t a r c h  b l o c k  e l e c t r o ­

p h o r e s i s  w i t h  b a r b i t a l  b u f f e r  o f  pH 8 . 6 ,  i o n i c  s t r e n g t h  0 , 1  

o b t a i n e d  a l b u m i n ,  o ( - g l o b u l i n ,  ^ - g l o b u l i n  and Y - g l o b u l i n  

f r a c t i o n s  f r o m  n o n - l i p i d  human s e r u m .  They  f o u n d  t h a t  t h e  

^ - g l o b u l i n  f r a c t i o n  w h i c h  was b e l i e v e d  t o  b e  t r a n s f e r r i n  

had  a s e d i m e n t a t i o n  c o n s t a n t  (Sgig) o f  5 .

By u s i n g  r i v a n o l  B o e t t c h e r  ejb a l ,  ( 1 2 )  w e r e  a b l e  t o  

p r e p a r e  a n e a r l y  e l e c t r o p h o r e t i c a l l y  p u r e  p r e p a r a t i o n  o f  t h e  

m e t a l - b i n d i n g  g l o b u l i n  by a r e l a t i v e l y  s i m p l e  p r o c e d u r e .  I t  

was shown t h a t  a t  pH b e t w e e n  8 and 10 ,  r i v a n o l  p r e c i p i t a t e d  

a l m o s t  a l l  o f  t h e  p r o t e i n s  e x c e p t  ^ - g l o b u l i n  and Y - g l o b u l i n ,  

A f t e r  r e m o v a l  o f  r i v a n o l  by c h a r c o a l  a b s o r p t i o n  f r om 

r i v a n o l - f r e e  s o l u t i o n  t h e  Y - g l o b u l i n  was p r e c i p i t a t e d  by 

25 % e t h a n o l  a t  pH 6 , 8  ( - 6 °  C ) .  The ^ g l o b u l i n  was p r e ­

c i p i t a t e d  by  40  % e t h a n o l  a t  pH 5 . 8 .  The ^ - g l o b u l i n  t h u s  

o b t a i n e d  was c l a i m e d  t o  b e  ^ - m e t a l  c o m b i n i n g  g l o b u l i n .  No 

c h e m i c a l  c h a r a c t e r i z a t i o n  of t h e  f r a c t i o n  was r e p o r t e d .

S t e i n b u c h  and Q u e n t i n  (16)  i s o l a t e d  one o f  t h e
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m i n o r  c omp on en t s  o f  ( ^ - g l o b u l i n ,  c e r u l o p l a s m i n ,  by s u b ­

f r a c t i o n a t i o n  of  f r a c t i o n  I I I  and IV w i t h  r i v a n o l .  The 

m e t h o d  was as  f o l l o w s :  ( 1 )  P r e c i p i t a t i o n  by r i v a n o l  o f  some 

a c c o m p a n y i n g  g l o b u l i n  a t  pH 6 ,  ( 2 )  A d j u s t m e n t  of  pH t o  7 . 8 ,  

and a d d i t i o n  o f  a n o t h e r  p o r t i o n  o f  r i v a n o l  i n  o r d e r  t o  p r e ­

c i p i t a t e  t h e  c e r u l o p l a s m i n .  ( 3 )  D i s s o c i a t i o n  o f  t h e  r i v a n o l -  

p r o t e i n  complex  o f  s t e p  2 a t  pH 4 ,  ( 4 )  The e l i m i n a t i o n  of  

a c c o m p a n y i n g  p r o t e i n s  by t r e a t m e n t  w i t h  50 % a l c o h o l  a t  pH 

4 . 0 .  ( 5 )  The e x t r a c t i o n  o f  t h e  p r e c i p i t a t e  a t  pH 6 .  The 

f r a c t i o n  i s o l a t e d  was  s a i d  t o  be  c e r u l o p l a s m i n .  No c h e m i c a l  

a n a l y s e s  were  r e p o r t e d .

Us i ng  c a l c i u m  p h o s p h a t e  column and s t e p w i s e  e l u t i o n  

by  s o d iu m  p h o s p h a t e  b u f f e r  ( 0 . 1 0  t o  1 . 3  M).  H j e r t e n  (17)  

was  a b l e  t o  o b t a i n  two f r a c t i o n s  f r om an e l e c t r o p h o r e t i c a l l y  

s e p a r a t e d  ^ - g l o b u l i n s .  The  two f r a c t i o n s  w e r e  i d e n t i f i e d  t o  

b e  P - m e t a l  c om b i n i n g  p r o t e i n  and  l i p o p r o t e i n .  The ^ - m e t a l  • 

c o m b i n i n g  f r a c t i o n  was c h a r a c t e r i z e d  a s  a )  b e i n g  r e d d i s h -  

b rown c o l o r e d  i n  s o l u t i o n ,  b )  s t a i n i n g  s t r o n g l y  w i t h  b romo-  

p h e n y l  b l u e ,  c )  n o t  s t a i n i n g  w i t h  s u d a n - b l a c k  B, and  h a v i n g  

s e d i m e n t a t i o n  c o n s t a n t  o f  S 2 0  5 . 5 .  The c h a r a c t e r i s t i c s  of  

^ - l i p o p r o t e i n  were  o p a l e s c e n t  i n  s o l u t i o n ,  s t a i n e d  s t r o n g l y  

w i t h  s u d a n - b l a c k  B and o n l y  w e a k l y  w i t h  b r o mo ph e ny l  b l u e .  No 

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

I s o l a t i o n  o f  |9_2 ^ - g l o b u l i n  was a c c o m p l i s h e d  by 

He re ma ns  e t  ( 1 8 )  by c o m b i n a t i o n  o f  z i n c  s u l f a t e  p r e c i p ­

i t a t i o n ,  ammonium s u l f a t e  p r e c i p i t a t i o n  and s t a r c h  b l o c k
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e l e c t r o p h o r e s i s .  The p r o c e d u r e  was  b a s e d  on t h e  h y p o t h e s i s  

t h a t  ^_ 2 ^ - g l o b u l i n  was  a s u b s t a n c e  w i t h  h i g h  r e s i s t a n c e  t o  

p r e c i p i t a t i o n  w i t h  z i n c  i o n s .  At  z i n c  s u l f a t e  c o n c e n t r a t i o n  

o f  100 m M p e r  l i t e r  a t  n e u t r a l  pH,  l ow i o n i c  s t r e n g t h  and 

t e m p e r a t u r e  r a n g i n g  f r o m  2 5 °  C t o  29°  C, a l b u m i n  and l a r g e  

p a r t  o f  d - g l o b u l i n  w e r e  p r e c i p i t a t e d .  The s u p e r n a t a n t  was 

f r e e d  o f  z i n c  by a d d i n g  1 t o  2 % g l y c i n e  and p_2 ^ - g l o b u l i n  

was p r e c i p i t a t e d  by 1 , 8  M ammonium s u l f a t e .  The p r e c i p i t a t e  

c o n t a i n e d  a b o u t  75 % ^ ^ ^ - g l o b u l i n  and  had  o ^ ^ g l o b u l i n  a s  a 

c o n t a m i n a n t .  The m i x t u r e  was  f u r t h e r  r e s o l v e d  i n t o  e l e c ­

t r o p h o r e t i c  c o m p o n e n t s  by s t a r c h  b l o c k  e l e c t r o p h o r e s i s .

The c o m p o s i t i o n  of  t h e  ^  ^ ^ - g l o b u l i n  p r e c i p i t a t i o n  

was as  f o l l o w s .

N i t r o g e n  1 6 , 2 0  %

H e x o s e s  4 , 9 0  %

He xosa mi ne  3 , 7 4  %

The above  f i g u r e  was c a l c u l a t e d  on t h e  b a s i s  o f  100 mg of

p o l y p e p t i d e  a s  d e t e r m i n e d  by  t h e  b i u r e t  m e t ho d .

P a r t i a l  p u r i f i c a t i o n  of  one o f  t h e  | ? - g l o b u l i n s ,  

t r a n s f e r r i n ,  was c a r r i e d  o u t  by P a t r a s  e t  _al,  (19)  a s  

f o l l o w s .  Serum was s a t u r a t e d  w i t h  r e s p e c t  t o  i r o n  by 

a d d i t i o n  o f  12 mg i r o n  a s  f e r r o u s  ammonium s u l f a t e  p e r  ml 

s e r u m.  The m i x t u r e  was  k e p t  a t  5 °  C f o r  one h o u r .  T h r e e  

vo lu me s  o f  0 , 4  % a q u e o u s  r i v a n o l  was t h e n  added  t o  one 

vo lume  of  s e r u m.  The f i n a l  pH was a d j u s t e d  t o  8 , 5 - 8 , 6  w i t h  

NaOH and t h e  m i x t u r e  w a s  k e p t  a t  5 °  C f o r  1 h o u r .  The
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s u p e r n a t a n t  was t r e a t e d  w i t h  N o r i t e  o r  d i a l y z e d  t o  r emove  

r i v a n o l .  The  f i n a l  p r o d u c t  was  m i x t u r e  o f  t r a n s f e r r i n  and 

T - g l o b u l i n ,

The e f f e c t  o f  pH, i o n i c  s t r e n g t h  and t e m p e r a t u r e  on 

t h e  p r e c i p i t a t i o n  o f  b o v i n e  se r um a l b u m i n  w i t h  r i v a n o l  was 

s t u d i e d  by K a l d o r  e t  _al.  ( 2 0 ) ,  The r e s u l t s  i n d i c a t e d  t h a t  

a t  pH 4 . 0 ,  5 , 0  and 6 , 0  i o n i c  s t r e n g t h  0 , 1 ,  t h e r e  was n o  p r e ­

c i p i t a t i o n  a t  a r i v a n o l  c o n c e n t r a t i o n  o f  40  mM o r  l e s s .  At 

pH 7 , 0 ,  70 % o f  t h e  b o v i n e  s er um a l b u m i n  was p r e c i p i t a t e d  

by  a c o n c e n t r a t i o n  o f  8 - 2 0  mM, and 100 % o f  b o v i n e  s e r um 

was p r e c i p i t a t e d  by 4 , 0  mM r i v a n o l  s o l u t i o n  a t  pH 8 , 0 ,  9 , 0  

o r  1 0 , 0 ,  B e t we en  pH 7 and 8 t h e  i n t e r a c t i o n  b e t w ee n  r i v a n o l  

and b o v i n e  s e r um a l b u mi n  u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n  

u s e d  by t h e  a u t h o r s  was s t o i c h i o m e t r i c  i n  n a t u r e .  The p e r  

c e n t  o f  b o v i n e  serum a l bu mi n  p r e c i p i t a t e d  by 8 , 0  mM r i v a n o l  

s o l u t i o n  was  d e t e r m i n e d  as  a f u n c t i o n  o f  t h e  i o n i c  s t r e n g t h  

o f  t h e  b u f f e r  a t  pH 7 , 0 ,  8 , 0  and  1 0 , 0 ;  i n c r e a s i n g  t h e  i o n i c  

s t r e n g t h  r e d u c e d  p r e c i p i t a t i o n  a t  a ny  pH,  M o d i f i c a t i o n  of  

t h e  b a s i c  g r o u p  of  b o v i n e  se r um a l b u m i n  by means  o f  d i a z o -  

t i z a t i o n ,  i o d i n a t i o n ,  a c é t y l a t i o n  o r  g u a n i d y l a t i o n  c a u s e d  

i n c r e a s e d  p r e c i p i t a t i o n  i n  t h e  pH r a n g e  f r o m  6 , 0  t o  8 , 0 .  

E x t e n s i v e  m é t h y l a t i o n  o f  b o v i n e  s e r u m a l b u m i n  r e s u l t e d  i n  

d i m i n i s h e d  o r  no  p r e c i p i t a t i o n .  Hence  i t  i s  c o n c l u d e d  t h a t  

t h e  g e n e r a l  n a t u r e  o f  t h e  r i v a n o l  b o v i n e  s e r um a l b um i n  

i n t e r a c t i o n  r e s e m b l e s  t h a t  o f  b i v a l e n t  c a t i o n s  t o  c a r b o x y l  

g r o u p s .
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S t r u c t u r a l  S t u d i e s  on G l y c o p r o t e i n

A b un d an t  e v i d e n c e  i n d i c a t e d  t h a t  c a r b o h y d r a t e  and 

p r o t e i n  a r e  l i n k e d  i n  s t a b l e  c h e m i c a l  b o n d s  i n  g l y c o ­

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

o u t  of  g l y c o p r o t e i n s  s u c h  a s  egg a l b u mi n  and ovomuco id  

b e c a u s e  o f  t h e i r  e a s e  o f  p r e p a r a t i o n .  On t h e  o t h e r  h a n d ,  

few s t r u c t u r a l  wor ks  h a v e  b e en  done  on o t h e r  s e r um g l y ­

c o p r o t e i n s .  S i n c e  t h e  t e c h n i q u e s  u s e d  i n  s t u d y i n g  t h e  egg 

g l y c o p r o t e i n  and se r um g l y c o p r o t e i n  a r e  s i m i l a r ,  t h i s  

l i t e r a t u r e  r e v i e w  w i l l  c o v e r  t h e  works  done  on b o t h  egg 

g l y c o p r o t e i n s  and s e r um g l y c o p r o t e i n s .

L e v e n e  and Mor i  ( 2 1 )  by r e p e a t e d  BafOH)^ h y d r o ­

l y s i s  o b t a i n e d  a t r i s a c c h a r i d e  c o n t a i n i n g  one g l u c o s a m i n e  

and two mannose  r e s i d u e .  The egg w h i t e  was h y d r o l y z e d  

w i t h  Ba( 0 H ) 2  and t h e  p o l y s a c c h a r i d e  was p r e c i p i t a t e d  by 

a d d i n g ,  a l t e r n a t e l y ,  Ba tOH)^  and a h o t  s a t u r a t e d  s o l u t i o n  

o f  b a s i c  l e a d  a c e t a t e .  The  b a r i u m  and l e a d  w er e  p r e c i p ­

i t a t e d  as  c a r b o n a t e s  by p a s s i n g  CO2  t h r o u g h  t h e  p o l y ­

s a c c h a r i d e  s o l u t i o n .  The n o n - s u g a r  n i t r o g e n e o u s  m a t e r i a l  

c o n t a m i n a t e d  w i t h  t h e  p o l y s a c c h a r i d e  was p r e c i p i t a t e d  

by  m e r c u r i c  s u l f a t e .  The non p r e c i p i t a b l e  f r a c t i o n  c o n ­

t a i n i n g  e x c e s s  m e r c u r i c  s u l f a t e  and s u g a r  was t r e a t e d  

w i t h  h y d r o g e n  s u l f i d e  a nd  b a r i u m  h y d r o x i d e  t o  r emove  

m e r c u r i c  and s u l f a t e  i o n s .  The p o l y s a c c h a r i d e  was p r e ­

c i p i t a t e d  by m e t h a n o l  f r o m  t h e  m e r c u r i c  s u l f a t e  f r e e
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s o l u t i o n .  A f t e r  r e p e a t i n g  Ba( 0H)2  h y d r o l y s i s  3 t i m e s ,  t h e  

t r i s a c c h a r i d e  was o b t a i n e d  f r e e  o f  p r o t e i n ,

F r a n k e l  and J e l l i n e k  (22 )  h y d r o l y z e d  egg a l b u m i n  

w i t h  B a ( 0 H ) 2 » r emoved  amino a c i d s  w i t h  n e u t r a l  l e a d  a c e t a t e  

and p r e c i p i t a t e d  t h e  p o l y s a c c h a r i d e  w i t h  ammonica l  l e a d  

a c e t a t e .  They r e p e a t e d  t h i s  p r o c e d u r e  s e v e r a l  t i m e s  and 

f i n a l l y  o b t a i n e d  an o p t i c a l l y  i n a c t i v e  p o l y s a c c h a r i d e  by 

p r e c i p i t a t i o n  w i t h  a l c o h o l .  Only mannose  and g l u c o s a m i n e  

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

N e u b e r g e r  ( 2 3 )  a l s o  i s o l a t e d  a c a r b o h y d r a t e  p r e ­

p a r a t i o n  f rom egg a l b u m i n .  The egg a l b u m i n  was  d i g e s t e d  

w i t h  t r y p s i n  f o r  4 - 6  weeks  and t h e  u n d i g e s t e d  p r o t e i n  was 

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

m a i n i n g  i n  t h e  d i g e s t i o n  m i x t u r e  w e r e  c o n v e r t e d  i n t o  

N - a c e t y l  compounds  by r e a c t i n g  w i t h  k e t e n e  and r emoved  by 

e x t r a c t i o n  w i t h  c h l o r o f o r m .  The p o l y s a c c h a r i d e ,  f r e e  f rom 

amino a c i d s  and u n d i g e s t e d  p r o t e i n ,  was  a c e t y l a t e d ,  e x ­

t r a c t e d  w i t h  c h l o r o f o r m  and d e a c e t y l a t e d .  The b i u r e t  n e g a ­

t i v e  p o l y s a c c h a r i d e  was f i n a l l y  p r e c i p i t a t e d  by a l c o h o l ,  

Mannos e ,  g l u c o s a m i n e  and an u n i d e n t i f i e d  n i t r o g e n e o u s  

compound we r e  f o u n d  i n  t h e  h y d r o l y s a t e  o f  t h i s  p r e p a r a t i o n .  

The u n i d e n t i f i e d  n i t r o g e n e o u s  m a t e r i a l  i s  l i ke . ; / /  t o  b e  

s i a l i c  a c i d  w h i c h  was  n o t  known a t  t h e  t i m e  o f  N e u b e r g e r ' s  

r e p o r t .

S u z u k i  ( 2 4 )  r e p o r t e d  i s o l a t i o n  of  t h e  p r o s t h e t i c  

g r o u p  of  ovomucoid  b y :  1)  h y d r o l y s i s  o f  t h e  mucoid  e i t h e r
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by h e a t i n g  w i t h  b a r i u m  h y d r o x i d e ,  ( 3  g o f  ovomuco id  i n  30 

ml of  w a t e r ,  h e a t e d  a t  1 0 0 °  C f o r  5 t o  25 h o u r s  w i t h  33 g 

o f  b a r i u m  h y d r o x i d e )  o r  t r y p t i c  d i g e s t i o n  (4 weeks  a t  37°  C) ;  

2 )  r e m o v a l  o f  n o n - s u g a r  n i t r o g e o u s  m a t e r i a l  by  m e r c u r i c  

c h l o r i d e  p r e c i p i t a t i o n ;  3)  a c é t y l a t i o n  and p r e c i p i t a t i o n  

o f  t h e  a c e t y l a t e d  compound;  4 )  d e a c e t y l a t i o n .  A f t e r  t h e  

c h e m i c a l  a n a l y s i s  o f  t h e  " p r o s t h e t i c  g r o u p "  f o r  n i t r o g e n ,  

g l u c o s a m i n e ,  m a n no se ,  a c e t y l  g r o u p ,  r e d u c i n g  power  and a s h  

c o n t e n t ,  i t  was  c o n c l u d e d  t h a t  p r o d u c t  o b t a i n e d  by t h e  

a l k a l i  h y d r o l y s i s  and t h e  one w i t h  t r y p t i c  d i g e s t i o n  we re  

s i m i l a r .  T h e s e  r e s u l t s  seems  t o  i n d i c a t e  t h a t  Ba ( 0H)2  even 

i n  s u ch  a r i g o r o u s  c o n d i t i o n  d o e s  n o t  d e g r a d e  t h e  c a r b o h y ­

d r a t e  m o i e t y  o f  t h e  o vo muc oi d .  I t  i s  p o s s i b l e  t h a t  t h e  v i g o r ­

o u s  Ba( 0 H ) 2  h y d r o l y s i s  and p r o l o n g e d  t r y p t i c  d i g e s t i o n  b o t h  

a c t u a l l y  c a u s e  s i m i l a r  d e g r a d a t i o n  o f  t h e  c a r b o h y d r a t e  p o r ­

t i o n .  I t  i s  a l s o  p o s s i b l e  t h a t  t h e  c a r b o h y d r a t e  p o r t i o n  c o n ­

t a i n s  no r e d u c i n g  e nd ,  and t h e r e f o r e  i t  i s  more  s t a b l e  t o  

a l k a l i  h y d r o l y s i s .  No t e s t  f o r  p e p t i d e s  o r  amino a c i d s  was 

made ,  t h e r e f o r e ,  i t  a p p e a r s  d o u b t f u l  t h a t  t h e  p r o d u c t  was 

c o m p l e t e l y  f r e e  o f  amino a c i d s ,

Cunningham ejt al^. ( 25 )  o b t a i n e d  a g l y c o p e p t i d e  f rom 

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

a l b u m i n  was h y d r o l y z e d  w i t h  t r y p s i n  and. c h y m o t r y p s i n  and a 

c a r b o h y d r a t e  r i c h  f r a c t i o n  was p r e c i p i t a t e d  by  70 o r  87 % 

e t h a n o l .  By D E A F - c e l l u l o s e  c h r o m a t o g r a p h y  a g l y c o p e p t i d e  c o n ­

t a i n i n g  g l u c o s a m i n e ,  m a n no se ,  a s p a r t i c  a c i d ,  t y r o s i n e ,
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t h r e o n i n e ,  s e r i n e ,  v a l i n e  and l e u c i n e  was o b t a i n e d .  F o l l o w ­

i n g  t r e a t m e n t  w i t h  c a r b o x y p e p t i d a s e  a p p r o x i m a t e l y  0 , 7  M 

e q u i v a l e n t  o f  l e u c i n e  was  l i b e r a t e d  t o g e t h e r  w i t h  s m a l l  b u t  

s u b s t a n t i a l  a m o un t s  o f  v a l i n e ,  t h r e o n i n e ,  and s e r i n e .  The 

t y r o s i n e  was p r o v e d  t o  b e  t h e  N - t e r m i n a l  r e s i d u e .  Hence  t h e  

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

t i c  a c i d ,

N e u b e r g e r  ( 26 )  r e s u m ed  s t r u c t u r a l ,  s t u d i e s  on egg 

a l b u m i n  20 y e a r s  a f t e r  h i s  f i r s t  p r e l i m i n a r y  p a p e r  ( 2 3 ) ,

The egg a l b u m i n  was d i g e s t e d  w i t h  p e p s i n ,  t r y p s i n  and 

c h y m o t r y p s i n .  The h y d r o l y s a t e  was f r a c t i o n a t e d  by c e l i t e  

co lumn c h r o m a t o g r a p h y  and a c a r b o h y d r a t e  c o n t a i n i n g  com­

p o und  was o b t a i n e d  by g r a d i e n t  e l u t i o n  w i t h  e t h a n o l - w a t e r .  

The  p r o t e i n - c a r b o h y d r a t e  complex  was f u r t h e r  p u r i f i e d  w i t h  

c o l umn  e l e c t r o p h o r e s i s .  Upon h y d r o l y s i s  t h e  p r o t e i n -  

c a r b o h y d r a t e  complex  y i e l d e d  ma nn ose ,  g l u c o s a m i n e ,  s e r i n e ,  

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

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

l i b e r a t e d ;  on f r a c t i o n a t i o n  o f  a t w o - d a y  d i g e s t i o n  p r o d u c t ,  

a c a r b o h y d r a t e  c o n t a i n i n g  f r a g m e n t  was o b t a i n e d ,  w h i c h  c o n ­

t a i n e d  1 mo le  o f  a s p a r t i c  a c i d ,  o n l y  t r a c e s  of  s e r i n e  and 

t h r e o n i n e ,  and no l e u c i n e .  I t  was t h e r e f o r e  c o n c l u d e d  t h a t  

a s p a r t i c  a c i d  i s  l i n k e d  t o  c a r b o h y d r a t e .

At  t h e  same y e a r  d e v o n s  ( 2 7 )  d i g e s t e d  t h e  egg 

a l b u m i n  w i t h  p a n c r e a t i c  p r o t e a s e ,  d e p r o t e i n i z e d  w i t h  CHCl^» 

r emoved  amino a c i d s  w i t h  Dowex 50 column and o b t a i n e d  a
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c a r b o h y d r a t e  r i c h  f r a c t i o n  by  p a p e r  e l e c t r o p h o r e s i s .  The 

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

and mannose  i n  m o l a r  r a t i o  o f  1 : 1 : 2 ; 4 ,  o t h e r  amino 

a c i d s  w e r e  f o u n d  t o  be  p r e s e n t  i n  t r a c e  a m o un t .  The u n ­

h y d r o l y z e d  m a t e r i a l  g a v e  a weak n i n h y d r i n  r e a c t i o n  on p a p e r  

and r e a c t i o n  w i t h  f l u o r o d i n i t r o b e n z e n e  showed t h a t  t h e  

amino g r o u p  of  t h e  a s p a r t i c  a c i d  r e s i d u e  i s  f r e e .  They c o n ­

c l u d e d  t h a t  t h e  r e s u l t  would  be  c o n s i s t e n t  w i t h  c o m b i n a t i o n  

o f  an amino a c i d  c a r b o x y l  g r o u p  w i t h  f l u c o s a m i n e ,  b u t  

d i r e c t  e v i d e n c e  f o r  s u c h  a bond was l a c k i n g .

T h o r o u g h  s t u d i e s  on c h e m i c a l  s t r u c t u r e  o f  egg a l ­

bumin and ovomuco id  was c a r r i e d  o u t  by Br agg  and Hough ( 2 8 ) .  

They o b s e r v e d  t h a t  g a l a c t o s e  was c o m p l e t e l y  l i b e r a t e d  w i t h i n  

1 h o u r  by h y d r o l y s i s  w i t h  a c a t i o n  r e s i n  ( A m b e r l i t e  I  R 1 20 )  

a t  1 00 °  C.  D u r i n g  t h i s  t i m e ,  o n l y  1 / 3  o f  t h e  t o t a l  mannose  

a p p e a r e d  f r e e  and t h e  r e m a i n i n g  mannose  r e q u i r e d  48 h o u r s  

f o r  c o m p l e t e  l i b e r a t i o n .  As t h e  r e s u l t  i t  was s u g g e s t e d  

t h a t  a l l  of  t h e  g a l a c t o s e  and 1 / 3  of  t h e  mannose  a r e  end 

u n i t s  of  t h e  c a r b o h y d r a t e  m o i e t y .  T h i s  s u g g e s t i o n  was c o n ­

f i r m e d  by p e r i o d a t e  o x i d a t i o n  d a t a .  A f t e r  p e r i o d a t e  o x i d a ­

t i o n  o f  o v om u co i d ,  5 4 - 5 2  % o f  g l u c o s a m i n e ,  50 % o f  mannose  

and 100 % o f  g a l a c t o s e  was  f o u n d  t o  b e  d e s t r o y e d .  The 

s u g a r  m o s t  r a p i d l y  d e s t r o y e d  we r e  s u g g e s t e d  t o  be  t h e  end 

u n i t s  o f  t h e  c a r b o h y d r a t e .  By a m é t h y l a t i o n  t e c h n i q u e ,  2 ,

3 ,  4 ,  6 - t e t r a - O - m e t h y l  g a l a c t o s e  and 2 ,  3 ,  4 ,  6 - t e t r a - O -  

m e t h y l  mannose  was  o b t a i n e d  and t h e s e  2 s u g a r  d e r i v a t i v e s
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wer e  d e s c r i b e d  as  o c c u p y i n g  t h e  non r e d u c i n g  t e r m i n a l  c a r b o ­

h y d r a t e  u n i t .  U n i d e n t i f i e d  t r i - 0  and d i - O - m e t h y l  d e r i v a t i v e s  

o f  mannose  w e r e  d e t e c t e d ,  and h e n c e  i t  was s u g g e s t e d  t h a t  

mannose  m u s t  a l s o  o c c u r  a t  o t h e r  p o s i t i o n s  i n  t h e  m o l e c u l e .  

The d i - O - m e t h y l  mannose  d i d  n o t  g i v e  f o r m a l d e h y d e  w i t h  p e r i o ­

d a t e  e i t h e r  b e f o r e  o r  a f t e r  r e d u c t i o n  w i t h  sod ium b o r o h y d -  

r i d e  and h e n c e  i t  i s  p r o b a b l y  t h e  2 ,  6 - d i - O - m e t h y l  d e r i v a ­

t i v e .  M e t h y l a t e d  d e r i v a t i v e s  o f  2 - a m i n o - 2 - d e o x y - D - g l u c o s e  

we r e  n o t  d e t e c t e d .

An a t t e m p t  was made t o  e n r i c h  t h e  c a r b o h y d r a t e  

m o i e t y  o f  t h e  m u c o p r o t e i n  by h y d r o l y z i n g  t h e  ovomucoid  w i t h  

10 % (IV/V) B a( 0 H) 2  u n d e r  N2  a t  100°  C f o r  17 h o u r s .  A f t e r  r e ­

mova l  o f  b a r i u m  i o n  t h e  c a r b o h y d r a t e  r i c h  u n i t  was p r e c i p i ­

t a t e d  by a l c o h o l  f r o m t h e  h y d r o l y s a t e ,  b u t  t h e  c a r b o h y d r a t e  

u n i t  was  n o t  f o u n d  t o  be  f r e e  o f  amino a c i d s .  A s m a l l  amount  

o f  c a r b o h y d r a t e ,  l a r g e l y  g l u c o s a m i n e  and ma nnos e ,  w e r e  d e ­

g r a d e d .  G a l a c t o s e  was  n o t  d e s t r o y e d  by a l k a l i  due  t o  t h e  

f a c t  t h a t  i t  o c c u r s  o n l y  a s  t h e  n o n - r e d u c i n g  end g r o u p .  By 

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

m a n n o b i o s e  and  m a n n o s y l  g l u c o s a m i n e  were  f o u n d .

Cunningham ( 2 9 )  p u b l i s h e d  h i s  f u r t h e r  s t r u c t u r a l  

s t u d i e s  of  o v a l b u m i n  g l y c o p e p t i d e s  i n  d e t a i l  4 y e a r s  a f t e r  

t h e  f i r s t  p r e l i m i n a r y  p a p e r  ( 2 5 ) .  The egg a l b u mi n  was t r e a t ­

ed w i t h  s o d i u m - p - c h l o r o m e r c u r i b e n z o a t e  whi ch  was f o u n d  t o  

e n h a n c e  t h e  e x t e n t  o f  h e a t  d é n a t u r a t i o n  o f  t h e  p r o t e i n  and 

t o  h i n d e r  g e l  f o r m a t i o n  and a l l o w e d  d é n a t u r a t i o n  a t  32°  C
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i n  20 m i n u t e s .  T h i s  d e n a t u r e d  p r o t e i n  was  t h e n  d i g e s t e d  

w i t h  t r y p s i n .  The pH of  t h e  d i g e s t i o n  m i x t u r e  was a d j u s t e d  

t o  pH 5 and t h e  l a r g e  q u a n t i t y  o f  p r e c i p i t a t e  was c o l l e c t ­

ed and d i g e s t e d  w i t h  d r c h y m o t r y p s i n .  The n o n d i a l y z a b l e  p o r ­

t i o n  was d i g e s t e d  w i t h  o ( - c h y m o t r y p s i n  a g a i n .  The d i g e s t i o n  

m i x t u r e  was f r a c t i o n a t e d  by e t h a n o l .  The f r a c t i o n  which  i s  

. n o t  p r e c i p i t a b l e  by 50  % e t h a n o l  and p r e c i p i t a b l e  by 87 % 

e t h a n o l  was f u r t h e r  f r a c t i o n a t e d  by DEAE c e l l u l o s e  column 

c h r o m a t o g r a p h y .  The two m a j o r  f r a c t i o n s  w e r e  o b t a i n e d  and 

one o f  t hem c o n t a i n i n g  39 t o  45 % mannose  was u s e d  f o r  f u r ­

t h e r  s t u d y .  The f r a c t i o n  e x h i b i t e d  h e t e r o g e n e i t y  a s  i t  

a p p e a r e d  a s  a wide  p e a k  i n  column e l e c t r o p h o r e s i s .  The f r a c ­

t i o n  was a g a i n  f r a c t i o n a t e d  w i t h  a c h a r c o a l - c e l i t e  column 

c h r o m a t o g r a p h y  and a g a i n  no s h a r p  s e p a r a t i o n  was  o b s e r v e d .  

The g l y c o p e p t i d e  f r a c t i o n  was c o n v e r t e d  i n t o  DNP - g l yc o-  

p e p t i d e  and f r a c t i o n a t e d  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  

t e c h n i q u e .  The c h e m i c a l  a n a l y s i s  and m o l e c u l a r  w e i g h t  d e ­

t e r m i n a t i o n  i n d i c a t e d  t h e  m o l a r  c o m p o s i t i o n  of  DNP- g l yco -  

p e p t i d e  a s :  a s p a r t i c  a c i d  1 ,  l e u c i n e  2 ,  t y r o s i n e  1 ,  s e r i n e  

1 ,  t h r e o n i n e  1 ,  v a l i n e  1 ,  mannose  5 ,  N - a c e t y l  g l u c o s a m i n e  3 .  

By c a r b o x y p e p t i d a s e  d i g e s t i o n  t h r e o n i n e ,  s e r i n e ,  v a l i n e ,  

l e u c i n e  i n  m o l a r  r a t i o  o f  0 . 5 9 ,  0 . 4 8 ,  0 . 5 7 ,  1 . 2 5  w e r e  l i b e r ­

a t e d .  The s e q u e n c e  o f  amino a c i d s  i n  t h e  p e p t i d e  p o r t i o n  of  

t h e  g l y c o p e p t i d e  was f o u n d  t o  be t y r o s i n e - a s p a r t i c  a c i d - l e u -  

c i n e - t h r e o n i n e - s e r i n e  ( v a l i n e ,  l e u c i n e ) .  The s e q u e n c e  of  

v a l i n e  and l e u c i n e  was unknown.  From t h e  c a r b o x y p e p t i d a s e
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■ h y d r o l y s i s  i t  was  c o n c l u d e d  t h a t  a s p a r t i c  a c i d  i s  l i n k e d  to 

c a r b o h y d r a t e  u n i t .

The g l y c o p e p t i d e  was n o t  h y d r o l y z a b l e  i n  1 N NHgOH 

HCl i n  1 , 7 5  N NaOH f o r  40  m i n u t e s  a t  room t e m p e r a t u r e ,  i t  was 

n o n - r e d u c i n g ,  r e l a t i v e l y  a c i d  l a b i l e ,  and c o n t a i n e d  1 mole  o f  

ammonia .  C o n s e q u e n t l y ,  i t  was s u g g e s t e d  t h a t  t h e  c a r b o h y d r a t e  

u n i t  was l i n k e d  t o  p r o t e i n  t h r o u g h  an a s p a r t i c  c a r b o x y l  g roup ,  

i n v o l v i n g  an N - a c e t y l  g l y c o s y l a m i n e  t y p e  l i n k a g e ,  t o  t h e  r e ­

d u c i n g  end of  t h e  p o l y s a c c h a r i d e .

Some o f  t h e  f i r s t  a t t e m p t s  t o  o b t a i n  a c a r b o h y d r a t e  

r i c h  g l y c o p r o t e i n  f r om t h e  serum p r o t e i n  i n v o l v e d  t h e  i s o l a ­

t i o n  of t h e  s e r o m u c o i d  c omp l ex .  S e r o m u c o i d  was f i r s t  o b t a i n e d  

f rom t h e  f i l t r a t e  o f  t h e  h e a t  c o a g u l a t e d  se r um a l b u m i n  and 

g l o b u l i n  by  p r e c i p i t a t i o n  w i t h  a l c o h o l .  The p r o t e i n  t h u s  ob­

t a i n e d  c o n t a i n e d  a b o u t  25 % c a r b o h y d r a t e  ( 3 0 ) ,  R i m i n g t o n  (31)  

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

a t i o n ,  The m a i n  p o r t i o n  of  t h e  s e r o m u c o i d  was p r e c i p i t a t e d  by 

29 t o  50 % o f  e t h a n o l  and f o u nd  t o  c o n t a i n  1 0 . 7  % c a r b o h y d r a t e ,  

wh i ch  c o n s i s t e d  o f  N - a c e t y l  g l u c o s a m i n e ,  g a l a c t o s e  and mannose 

in  e q u i m o l e c u l a r  p r o p o r t i o n s ,

A s i m i l a r  f r a c t i o n  was o b t a i n e d  by  W i n z l e r  ejt a_l. and ■ 

by VJeimer ^  ( 3 2 ,  33)  f r om 0 . 6  M p e r c h l o r i c  a c i d  f i l t r a t e s

of human p l a s m a  b y  p r e c i p i t a t i o n  w i t h  s a t u r a t e d  ammonium s u l ­

f a t e  a t  pH 4 . 0 .  The f r a c t i o n  was d e m o n s t r a t e d  t o  c o n s i s t  of 

a t  l e a s e  t h r e e  c o m p o ne n t s  by b o u n d r y  e l e c t r o p h o r e s i s .  By a 

s e r i e s  o f  ammonium s u l f a t e  p r e c i p i t a t i o n s ,  an e l e c t r o -
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p h o r e t i c a l l y  homogeneous  c omponen t  w h i c h  was t h e  m a j o r  com­

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

o f  t h e  f r a c t i o n  was f o u n d  t o  b e  pH 1 . 8 ,  T h i s  p r o t e i n  h a s  been  

c a l l e d  o r s o m u c o i d  by  W i n z l e r ,

Schmid  ( 34 )  i s o l a t e d  a c r y s t a l l i n e  a c i d i c  Wl^-glyco-  

p r o t e i n  as  t h e  l e a d  s a l t .  P r o p e r t i e s  o f  t h e  m u c o p r o t e i n  ob­

t a i n e d  by Weimer ,  e t  and t h e  a c i d i c  g ^ ^ g l y c o p r o t e i n  of  

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

^ ^ - g l y c o p r o t e i n  i s  a s  f o l l o w s :

M o l e c u l a r  w e i g h t  4 4 , 1 0 0

I s o e l e c t r i c  p o i n t  2 , 8

He xo se  1 6 , 4  %

H e x o sa mi ne  1 1 , 9  %

S i a l i c  a c i d  1 0 , 6  %

F u c o s e  1 , 3  %

P r o t e i n  6 4 . 0  %

S i n c e  t h e n  c o n s i d e r a b l e  c h e m i c a l  i n v e s t i g a t i o n  h a s  

b e e n  c a r r i e d  o u t  on t h e  o r s o m u c o i d  p r e p a r a t i o n .  W i n z l e r  

e t  a l . ( 3 5 )  was  a b l e  t o  show t h a t  t r e a t m e n t - o f '  t h e  o r s o ­

m u c o i d  w i t h  d i l u t e  s u l f u r i c  a c i d  ( O . Ol  N) a t  80 C c a u s e d  

s i a l i c  a c i d  t o  be  s p l i t  o f f  and m a r k e d l y  r e d u c e d  i t s  e l e c ­

t r o p h o r e t i c  a n o d i c  m o b i l i t y  a t  pH 4 . 5 .

P 'openoe ( 3 6 )  h a s  shown t h a t  a l l  o f  t h e  s i a l i c  a c i d  

c o u l d  b e  s p l i t  f r om o r s o m u c o i d  by n e u r a m i n i d a s e  f r o m  C l o s ­

t r i d i u m  B i r e f r i n g e n s  and t h e  i s o e l e c t r i c  p o i n t  r o s e  t h e r e ­

w i t h  t o  pH 5 . 0 .  At  t h e  same t i m e  t h e r e  o c c u r r e d  a s h i f t  i n
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t h e  t i t r a t i o n  c u r v e  o f  o r s o m u c o i d .  T h i s  r e s u l t  i n d i c a t e s  

t h a t  s i a l i c  a c i d  o c c u p i e s  a t e r m i n a l  p o s i t i o n  i n  o r s o m u c o i d  

and t h a t  t h e  c a r b o x y l  g r o u p  i s  f r e e .

A c c o r d i n g  t o  W i n z l e r  ( 3 5 )  t h e  c a r b o h y d r a t e  i n  t h e  

se r um g l y c o p r o t e i n s  i s  f i r m l y  bound  t o  t h e  p r o t e i n  and can 

be  e x t r a c t e d  f r om i t  o n ly  a f t e r  e x t e n s i v e  d e g r a d a t i o n  o f  t h e  

p r o t e i n .  They h a v e  a p p r o a c h e d  t h e  p r o b l e m  of  t h e  c h e m i s t r y  

o f  t h e  g l y c o p r o t e i n  by  d e t e r m i n g  t h e  s e q u e n c e  of  t h e  l i b ­

e r a t i o n  o f  t h e  c a r b o h y d r a t e  c o m p o n e n t s  f rom g l y c o p r o t e i n s  by 

a c i d  h y d r o l y s i s  on o r s o m u c o i d .  The f o l l o w i n g  t a b l e  on p ag e  

22 i s  t h e  r e s u l t  o f  t h e i r  wo r k .

From t h e s e  r e s u l t s ,  i t  was s u g g e s t e d  t h a t  s i a l i c  

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

s ec o n d  t e r m i n a l  g r o u p  o r  i s  n e x t  a f t e r  s i a l i c  a c i d  i n  a 

l i n e a r  s e q u e n c e .  The h e x o s a m i n e  i s  m o s t  s t a b l y  b ound .

The  o t h e r  a p p r o a c h  h a s  i n v o l v e d  a c h r o m a t o g r a p h i c  

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

f o r  one h o u r  a t  100°  C a t  v a r i o u s  c o n c e n t r a t i o n  of HCl .  They 

f o u n d  t h a t  s i a l i c  a c i d  was l i b e r a t e d  by h y d r o l y s i s  w i t h  HCl 

a b o v e  0 , 0 0 1  N,  At  0 , 0 0 2 5  N a s m a l l  amoun t  of  g a l a c t o s e  was 

l i b e r a t e d ,  and a t  0 , 0 0 5  N and  0 . 0 1  N g a l a c t o s e  and f u c o s e  

b u t  n o t  m a n n o s e .  At  h y d r o c h l o r i c  a c i d  c o n c e n t r a t i o n  above  

0 , 1  N a number  o f  p o o r l y  r e s o l v e d  r e d u c i n g  s u b s t a n c e s  w er e  

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

w e r e  h y d r o l y z e d  w i t h  2  N HCl f o r  one  h o u r ,  g l u c o s a m i n e ,  

g a l a c t o s e ,  mannose  w e r e  o b s e r v e d ,  A s u g g e s t i o n  was made



LIBERATION OF ULTRA FILTRABLE CARBOHYDRATE FROM 
ORSOMUCOID BY 1 M-HCL AS A FUNCTION OF TIME

H y d r o l y s i s
t i m e

M i n u t e s
H e x o s e H e x o s a m i n e S i a l i c  Ac i d F u c o s e P r o t e i n
mg % mg % mg % mg % mg %

0 4 0 1 . 3 0 0 30 1 . 5 1 2 . 5 5 . 1 100 1 . 1

5 700 23 150 8 . 3 1310 66 191 77 180 1 . 9

15 1080 55 - - 1890 95 247 100 4 30 4 . 5

30 2770 90 910 4 0 1420 71 - - 880 9 . 3

60 307 0 100 1040 47 800 40 - - 1270 1 3 . 3

120 2990 97 - - 440 22 - - 1640 1 7 . 3

roro
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t h a t  t h e  e x t e n s i o n  o f  t h i s  work  w i l l  u l t i m a t e l y  p e r m i t  t h e  

c o n c l u s i o n  c o n c e r n i n g  s e q u e n c e  o f  c a r b o h y d r a t e  t o  b e  d r a w n .  

The m o s t  d e f i n i t e  e v i d e n c e  y e t  a v a i l a b l e  on one 

t y p e  o f  c a r b o h y d r a t e  p r o t e i n  l i n k a g e  i n  s e r um g l y c o p r o t e i n  

was p r o v i d e d  by R o s e v e a r  and S mi th  ( 3 7 ,  3 8 ) .  By p a p a i n  d i ­

g e s t i o n  o f  human T - g l o b u l i n  a t  pH 6 . 8 ,  r e m o v a l  o f  a mi no  

a c i d s  and s h o r t  p e p t i d e s  by Dowex 50 and s t a r c h  co l umn  

e l e c t r o p h o r e s i s ,  t h e y  w e r e  a b l e  t o  o b t a i n  3 g l y c o p e p t i d e s . 

The m o l e c u l a r  w e i g h t s  o f  t h e s e  3 g l y c o p e p t i d e s  w e r e  d e t e r ­

mi ned  t o  b e  l e s s  t h a n  5 , 0 0 0 ,  The c o m p o s i t i o n  o f  t h e  g l y ­

c o p e p t i d e  was r e p o r t e d  t o  b e  a s  f o l l o w s .

C o m p o s i t i o n  o f  G l y c o p e p t i d e s  f r om a Human 
T - G l o b u l i n

C o n s t i t u e n t  G l y c o p e p t i d e  1 G l y c o p e p t i d e 2 G l y c o p e p ­
t i d e  3

Mannose 5 5 5

G a l a c t o s e 3 3 3

N - a c e t y l  g l u c o s a m i n e 8 8 4

F u c o s e 2 2 2

S i a l i c  a c i d 1 1 0

A s p a r t i c  a c i d 2 2 2

G l u t a m i c  a c i d 3 2 1

T y r o s i n e 1 1 1

The s i m i l a r i t y o f  t h e t h r e e  g l y c o p e p t i d e s  s u g g e s t e d

t h a t  t h e y  a r e  d e r i v e d  f r om t h e  same s t r u c t u r e . The l a r g e s t ,

g l y c o p e p t i d e  1 ,  p r o b a b l y  r e p r e s e n t s  t h e  p r o s t h e t i c  g r o u p  o f
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t h e  i n t a c t  Y - g l o b u l i n .  G l y c o p e p t i d e  2 and 3 a p p e a r e d  t o  be 

p a r t i a l l y  d e g r a d e d .  Amino end g r o u p  a n a l y s i s  by S a n g e r ’ s 

me th o d  g a ve  D N P - a s p a r t i c  a c i d  f r o m  g l y c o p e p t i d e  3 .  G l y c o ­

p e p t i d e  2 y i e l d e d  D N P - g l u t a m l c  a c i d .  T h i s  s u g g e s t e d  t h a t  

t h e  g l y c o p e p t i d e  1 h a s  t h e  s t r u c t u r e ;  g l u t a m i c  a c i d ,  g l u ­

t a m i c  a c i d ,  a s p a r t i c  a c i d  ( t y r o s i n e ,  g l u t a m i c  a c i d ,  a s p a r ­

t i c  a c i d ,  c a r b o h y d r a t e ) ,  wh e re  t h e  c a r b o h y d r a t e  g r o u p  and 

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

L e u c i n e  a m i n o p e p t i d a s e  r e l e a s e d  2 r e s i d u e s  o f  g l u t a m i c  a c i d ,

1 o f  a s p a r a g i n e  and 0 . 8  o f  t y r o s i n e  f r om t h e  g l y c o p e p t i d e  1 .  

From t h i s  t h e  s e q u e n c e  would  be  g l u t a m i c  a c i d ,  g l u t a m i c  

a c i d ,  a s p a r t i c  a c i d ,  t y r o s i n e ,  ( g l u t a m i c  a c i d ,  a s p a r t i c  a c i d ,  

c a r b o h y d r a t e ) .  The a m i n o p e p t i d a s e  l i b e r a t e d  one r e s i d u e  each  

o f  a s p a r t i c  a c i d ,  t y r o s i n e  and g l u t a m i c  a c i d  f rom g l y c o p e p ­

t i d e  3 .  T h i s  s u g g e s t e d  t h e  s e q u e n c e  of  g l u t a m i c  a c i d ,  g l u ­

t a m i c  a c i d ,  a s p a r t i c  a c i d ,  t y r o s i n e ,  g l u t a m i c  a c i d  ( a s p a r ­

t i c  a c i d ,  c a r b o h y d r a t e ) ;  t h e  o n l y  r e m a i n i n g  r e s i d u e  was 

a s p a r t i c  a c i d  w h i c h  m u s t  be  a t  t h e  C - t e r m i n a l  end o f  g l y ­

c o p e p t i d e  3 and  bound  t o  t h e  c a r b o h y d r a t e .

I n  o r d e r  t o  s t u d y  t h e  l i n k a g e  b e t w e e n  c a r b o h y d r a t e  

and amino a c i d  t h e  g l y c o p e p t i d e  m i x t u r e  was t r e a t e d  w i t h  

c a r b o x y p e p t i d a s e  ( r e c r y s t a l l i z e d  4 t i m e s )  and i t  was  f o u n d  

t o  r emove  t r a c e  amoun t  o f  amino a c i d s  o n l y .  On t h e  o t h e r  

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

a s p a r t i c  a c i d ,  g l u t a m i c  a c i d  and t y r o s i n e .  The enzyme 

h y d r o l y s a t e  was  f r a c t i o n a t e d  by t w o - d i m e n s i o n a l  e l e c t r o -
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p h o r e s i s - c h r o m a t o g r a p h y  on p a p e r  and 3 f r a c t i o n s  we r e  o b ­

t a i n e d .  The f i r s t  f r a c t i o n  c o n t a i n e d  a s p a r t i c  a c i d ,  g l u t a ­

mic a c i d ,  g l u c o s a m i n e  and t h e  s e c on d  and t h i r d  f r a c t i o n s  

c o n t a i n e d  a s p a r t i c  a c i d  and g l u c o s a m i n e .  C o n s e q u e n t l y  i t  

was c o n c l u d e d  t h a t  a s p a r t i c  a c i d  was i n v o l v e d  i n  p r o t e i n  

c a r b o h y d r a t e  l i n k a g e .

The c a r b o h y d r a t e  was s u g g e s t e d  t o  be  a t t a c h e d  t o  

t h e  j 3 - c a r b o x y l  g r o u p  of  t h e  a s p a r t i c  a c i d  by an ami de  o r  

e s t e r  l i n k a g e .  I f  i t  w e r e  a t t a c h e d  by an ^ - a m i d e  b o n d ,  b o t h  

l e u c i n e  a m i n o p e p t i d a s e  and p a p a i n  wou l d  h y d r o l y z e  s uc h  a 

b o n d .  I f  i t  we r e  a t t a c h e d  by an o ^ - e s t e r  b o n d ,  i t  c o u l d  p r o ­

b a b l y  be s p l i t  by p a p a i n .  I n c u b a t i o n  o f  g l y c o p e p t i d e  1 and 

3 w i t h  c a r b o x y p e p t i d a s e  r e s u l t e d  i n  r e l e a s e  o f  o n l y  t r a c e  

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

c a r b o h y d r a t e  was l i n k e d  t o  t h e  t e r m i n a l  c a r b o x y l  g r o u p  o f  

a s p a r t i c  a c i d .

N o l a n  and S m i t h  (39 )  i s o l a t e d  5 g l y c o p e p t i d e s  f rom 

a p a p a i n  h y d r o l y s a t e  o f  r a b b i t  f - g l o b u l i n .  The  f - g l o b u l i n  

p r e p a r a t i o n  u s e d  was o b t a i n e d  f rom r a b b i t  h y p e r i m m u n i z e d  t o  

t y p e  V I I  P n e u m o c o c c u s .

S a l t  f r e e  h e a t  d e n a t u r e d  f - g l o b u l i n  s u s p e n d e d  i n  

w a t e r  was i n c u b a t e d  w i t h  s t i r r i n g  a t  6 0 °  C w i t h  c r y s t a l l i n e  

m e r c u r i p a p a i n  a c t i v a t e d  by 2 . 3 - d i m e r c a p t o p r o p a n o l  a t  pH 

6 . 3  t o  6 . 8 .  The h y d r o l y s a t e  was t r e a t e d  w i t h  Dowex 50 and 

S e pha dex  G-25 t o  r e mo ve  amino a c i d s .  The f r a c t i o n  w h i c h  was 

n o t  a b s o r b e d  by  Dowex 50  and S e pha dex  G-25 was  f r a c t i o n a t e d .
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by  D E A E - c e l l u l o s e  c h r o m a t o g r a p h y .  F i v e  g l y c o p e p t i d e s  w e r e  

o b t a i n e d  and t h r e e  o f  t h e m,  t h e  g l y c o p e p t i d e s  2 ,  3 and  4 ,  

w e r e  c h o s e n  f o r  f u r t h e r  s t u d i e s .  The sequence-  o f  t h e  amino 

a c i d s  was s t u d i e d  by Edman ' s  t h i o h y d a n t o i n  d e g r a d a t i o n  and 

enzyme d e g r a d a t i o n .  G l y c o p e p t i d e  3 was  s u b m i t t e d  t o  t h e  

Edman d e g r a d a t i o n  p r o c e d u r e .  A f t e r  t h e  f i r s t  d e g r a d a t i o n  

s t e p ,  p h e n y l t h i o h y d a n t o i n - g l u t a m i n e  was i d e n t i f i e d .  A f t e r  

t h e  s e c o n d  s t e p ,  b o t h  p h e n y l t h i o h y d a n t o i n - g l u t a m i c  and 

p h e n y l t h i o h y d a n t o i n - p h e n y l a l a n i n e  w e r e  p r e s e n t .  The p e p t i d e  

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

a c i d  ( 0 . 4 1  M),  p h e n y l a l a n i n e  ( 0 . 6 5  M),  a s p a r t i c  a c i d  ( 1 , 0 0  M),  

and g l u c o s a m i n e  ( 4 . 3  M).  The m o l a r  r a t i o s  d e t e r m i n e d  f o r  

t h o s e  c o m p o n e n t s  i n  t h e  i n t a c t  g l y c o p e p t i d e  we re  1 . 0 5 ,  0 . 9 1 ,

1 . 0 0  and 4 . 3  r e s p e c t i v e l y .  From t h i s  i t  was s u g g e s t e d  t h e  

s t r u c t u r e  o f  g l y c o p e p t i d e  3 a s  g l u t a m i n e ,  p h e n y l a l a n i n e ,  

a s p a r t i c  a c i d ,  c a r b o h y d r a t e .  The a b o v e  s u g g e s t i o n  was f u r ­

t h e r  c o n f i r m e d  by a L e u c i n e  amino p e p t i d a s e  d e g r a d a t i o n  

s t u d y .  A f t e r  t r e a t m e n t  o f  t h e  g l y c o p e p t i d e  3 w i t h  l e u c i n e  

amino p e p t i d a s e ,  t h e  m a j o r  n i n h y d r i n - p o s i t i v e  c omp o n en t s  o f  

t h e  h y d r o l y s a t e  were  i d e n t i f i e d  a s  g l u t a m i n e ,  p h e n y l a l a n i n e  

and a c omp o n en t  c o n t a i n i n g  g l u t a m i c  a c i d  ( 0 . 6  M),  p h e n y l a ­

l a n i n e  (Oo6 M),  a s p a r t i c  a c i d  ( 1 . 0  M) and g l u c o s a m i n e  ( 3 . 0  M).  

By a s i m i l a r  b u t  more e l a b o r a t e d  t e c h n i q u e ,  g l y c o p e p t i d e  4 

was i d e n t i f i e d  t o  b e  g l u t a m i c  a c i d ,  g l u t a m i n e ,  g l u t a m i n e ,  

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

G l y c o p e p t i d e  2 c o n t a i n i n g  f u c o s e  1 M, a s p a r t i c  a c i d
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1 M, g l u t a m i c  a c i d  2 M, p h e n y l a l a n i n e  1 M c o u l d  n o t  b e  d e ­

g r a d e d  e i t h e r  by  p h e n y l t h i o h y d a n t o i n  d e g r a d a t i o n ,  l e u c i n e  

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

t o  be  t h a t  t h e  a m i n o - t e r m i n u s  of  t h e  g l y c o p e p t i d e  was o c c u ­

p i e d  by a p y r o l i d o n e  c a r b o x y l i c  a c i d  r e s i d u e  fo rmed  by 

c y c l i z a t i o n  o f  a g l u t a m y l  r e s i d u e  d u r i n g  t h e  f r a c t i o n a t i o n  

p r o c e d u r e .

No l an  and  S m i t h  ( 4 0 )  by u s i n g  t h e  same t e c h n i q u e  

d e s c r i b e d  a bo ve  w i t h  a s l i g h t  m o d i f i c a t i o n ,  i s o l a t e d  s i x  

g l y c o p e p t i d e s  f r o m  b o v i n e  f - g l o b u l i n  and one of  them was 

c h a r a c t e r i z e d  i n  d e t a i l .  The c o m p o s i t i o n  of  t h e  g l y c o p e p t i d e  

was f o u n d  t o  b e  h e x o s e  5 M, g l u c o s a m i n e  4 M, f u c o s e  1 M,

s i a l i c  a c i d  0 M, a r g i n i n e  1 M, l y s i n e  1 M, a s p a r t i c  a c i d  1 M,

g l u t a m i c  a c i d  3 M, p r o l i n e  1 M, p h e n y l a l a n i n e  1 M, and  o t h e r  

amino a c i d s  i n  s m a l l  q u a n t i t y .  By l e u c i n e  a m i n o p e p t i d a s e ,  

l y s i n e ,  p r o l i n e ,  a r g i n i n e ,  g l u t a m i c  a c i d ,  g l u t a m i n e ,  

p h e n y l a l a n i n e  and  a t r a c e  o f  a s p a r t i c  a c i d  was r e m o v e d .  Of 

t h e s e  l y s i n e  and  g l u t a m i c  a c i d  we r e  l i b e r a t e d  i n  t h e  l a r g e s t  

amount s  a s  i n d i c a t e d  b y  a h i g h  v o l t a g e  p a p e r  e l e c t r o p h o r e s i s -  

c h r o m a t o g r a p h y . T h i s  s u g g e s t e d  t h e  a s p a r t y l  r e s i d u e  a s  t h e  

p o i n t  o f  a t t a c h m e n t  b e t w e e n  t h e  p e p t i d e  and c a r b o h y d r a t e .

The s u g g e s t i o n  was  c o n f i r m e d  by f u r t h e r  d e g r a d a t i v e  s t u d y  of

t h e  g l y c o p e p t i d e .  The g l y c o p e p t i d e  was d e g r a d e d  by p a p a i n  

and a g l y c o p e p t i d e  c o n t a i n i n g  g l u t a m i c  a c i d  0 . 3  M, p h e n y l a ­

l a n i n e  0 . 9  M, a s p a r t i c  a c i d  1 . 0  M and g l u c o s a m i n e  was 

o b t a i n e d .  By a m i n o p e p t i d a s e  d i g e s t i o n  g l u t a m i c  a c i d  was



2 8

r emoved  f r om t h e  g l y c o p e p t i d e .  T h i s  f u r t h e r  s u g g e s t e d  t h a t  

a s p a r t i c  a c i d  i s  i n v o l v e d  i n  p e p t i d e - c a r b o h y d r a t e  l i n k a g e .



CHAPTER I I I

METHODS AND EXPERIMENTAL

T h r e e  t o p i c s ,  ( a )  p r e p a r a t i o n  o f  a ^ ^ - g l y c o p r o t e i n ,  

( b )  c h a r a c t e r i z a t i o n  of  t h e  g l y c o p r o t e i n  and ( c )  d e g r a d a ­

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

P r e p a r a t i o n  o f  t h e  /3 - G l o b u l i n  

I n  t h e  i n i t i a l  a t t e m p t  t o  p u r i f y  t h e  0 - g l o b u l i n  

f r a c t i o n ,  b o v i n e  C o h n ’ s f r a c t i o n  I I I  f r om  N u t r i t i o n a l  B i o ­

c h e m i c a l  C o r p o r a t i o n  was u s e d .  T h i s  p r e p a r a t i o n  was  f o u n d  

t o  move a s  a w i d e  band b e t w e e n  0 -  and T - g l o b u l i n s  by 

p a p e r  e l e c t r o p h o r e t i c  t e c h n i q u e  w i t h  b a r b i t a l  b u f f e r  of  

pH 8 , 6 ,  The f r a c t i o n  I I I  was o n l y  s l i g h t l y  s o l u b l e  i n  

d i s t i l l e d  w a t e r  and i n  0 , 9  % NaCl s o l u t i o n .

S i n c e  t h e  e u g l o b u l i n  i s  l a r g e l y  i n s o l u b l e  i n  s a l t -  

f r e e  w a t e r ,  a 1 % s o l u t i o n  o f  t h e  f r a c t i o n  I I I  was d i a l y z e d  

a g a i n s t  d i s t i l l e d  w a t e r  i n  o r d e r  t o  r e m o v e  t h e  e u g l o b u l i n .  

None o f  t h e  p r o t e i n  was f o u n d  s o l u b l e  a f t e r  24 h o u r s  

d i a l y s i s .  Aga in  a 1 % s o l u t i o n  o f  t h e  f r a c t i o n  I I I  p r e ­

p a r a t i o n  was d i a l y z e d  a g a i n s t  d i l u t e  p h o s p h a t e  b u f f e r  ( 4 1 )  

and a l l  t h e  p r o t e i n  a g a i n  became i n s o l u b l e  24 h o u r s  l a t e r .  

The r i v a n o l  f r a c t i o n a t i o n  o f  H o r e j s i  e t  a l . ,  ( 1 3 )

29
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was t r i e d  w i t h o u t  s u c c e s s .  A c c o r d i n g  t o  t h i s  p r o c e d u r e ,

0 , 4  % r i v a n o l  i n  p r o p e r  amoun t  s h o u l d  q u a n t i t a t i v e l y  p r e ­

c i p i t a t e  a l b u m i n ,  f i b r i n o g e n ,  and mos t  o f  t h e  ç(- and 

/ S - g l o b u l i n  b u t  n o t  f - g l o b u l i n .  A l l  o f  t h e  p r o t e i n  i n  t h e  

C o h n ' s  f r a c t i o n  I I I  p r e p a r a t i o n  p r e c i p i t a t e d  w i t h  0 , 4  % 

r i v a n o l  s o l u t i o n .  The  u s e  o f  t h i s  f r a c t i o n  w a s ,  t h e r e f o r e ,  

a ban d on e d  and a t t e m p t s  w e r e  made t o  i s o l a t e  t h e  / 3 - g l o b u l i n  

f r a c t i o n  f r om f r e s h  b o v i n e  s e r u m.  At  f i r s t ,  t h e  M i s c o  c o n ­

t i n u o u s  e l e c t r o p h o r e s i s  was  u s e d  ( 4 2 ) .  The me t hod  was 

t i m e  consumi ng  and d i f f i c u l t  t o  o b t a i n  enough  q u a n t i t y  f o r  

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

b e a d s  a s  t h e  s u p p o r t i n g  medium was a l s o  t r i e d  w i t h o u t  

s u c c e s s .

A n e a r l y  homogeneous  / 3 - g l o b u l i n ,  a s  i n d i c a t e d  by  

p a p e r  e l e c t r o p h o r e s i s ,  was  p r e p a r e d  f r om f r e s h  b o v i n e  s er um 

b y  t h e  c o m b i n a t i o n  o f  r i v a n o l  f r a c t i o n a t i o n  ( 1 4 )  and 

ammonium s u l f a t e  f r a c t i o n a t i o n  ( 8 ) .  The p r o c e d u r e  i s  d e s ­

c r i b e d  b e l o w :  I n  t h e  p r e l i m i n a r y  e x p e r i m e n t ,  t h e  f r e s h  

b o v i n e  serum was t r e a t e d  w i t h  ammonium s u l f a t e  a c c o r d i n g  

t o  t h e  method o f  Cohn _et ( 8 ) ,  The f r e s h  se r um was  d i ­

l u t e d  w i t h  an e q u a l  v o l ume  o f  w a t e r  and a q u a n t i t y  o f  

ammonium s u l f a t e  s u f f i c i e n t  t o  make t h e  s o l u t i o n  1 . 6  m o l a r  

was d i a l y z e d  i n t o  t h e  d i l u t e  serum t h r o u g h  d i a l y z i n g  mem­

b r a n e .  Meanwhi l e  t h e  s e r um was  s t i r r e d  c o n t i n u o u s l y  by  a 

m a g n e t i c  s t i r r e r .  At  t h e  end of  4 8  h o u r s  t h e  s u p e r n a t a n t  

c o n t a i n i n g  a l b u m i n ,  o C - g l o b u l i n ,  ^ - g l o b u l i n  and a s m a l l
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q u a n t i t y  o f  T - g l o b u l i n  was s e p a r a t e d  f r o m  t h e  p r e c i p i t a t e  

by c e n t r i f u g a t i o n .

F o r  l a r g e  s c a l e  p r e p a r a t i o n  and f u r t h e r  r e m o v a l  of 

T - g l o b u l i n  f r om t h e  s u p e r n a t a n t  t h e  me t hod  was m o d i f i e d  as  

f o l l o w s .  To t h e  f r e s h  se rum e q u a l  vo lume  of  3 , 4  m o l a r  ammo­

nium s u l f a t e  s o l u t i o n  was added  t h r o u g h  a s e p a r a t o r y  f u n n e l  

d r o p  by d r o p  and m e a n w h i l e  t h e  s o l u t i o n  was p l a c e d  i n  an i c e  

b a t h  and s t i r r e d  by t h e  m a g n e t i c  s t i r r e r .  The  s u s p e n s i o n  was 

s t i r r e d  f u r t h e r  f o r  30 m i n u t e s  a f t e r  t h e  a d d i t i o n  of  (NH^jgSO^ 

s o l u t i o n  e n d e d .  The s u s p e n s i o n  was t h e n  p l a c e d  i n  t h e  c o l d  

room f o r  48  h o u r s .  The p r e c i p i t a t e  c o n t a i n i n g  l a r g e l y  ï " - g l o -  

b u l i n  and s m a l l  q u a n t i t y  o f  /3- and i f - g l o b u l i n s  was c e n t r i ­

f u g e d  o f f .  The s u p e r n a t a n t  c o n t a i n i n g  a l b u m i n ,  o < - g l o b u l i n  and 

^ - g l o b u l i n  was d i a l y z e d  a g a i n s t  r u n n i n g  w a t e r  t o  r e mo v e  ammo­

nium s u l f a t e .  Ba r ium h y d r o x i d e  s o l u t i o n  was u s e d  t o  c h e c k  t h e  

e x t e n t  o f  d i a l y s i s .  W i t h o u t  p r i o r  r e m o v a l  o f  ammonium s u l f a t e  

p r e c i p i t a t i o n  by r i v a n o l  d i d  n o t  o c c u r .  A s m a l l  amount  o f  p r e ­

c i p i t a t e  f o r med  d u r i n g  t h e  d i a l y s i s  was r emoved  by c e n t r i f u ­

g a t i o n  o r  f i l t r a t i o n  t h r o u g h  f i l t e r  p a p e r  No.  5 0 ,  The s u p e r ­

n a t a n t  was a d j u s t e d  t o  n e u t r a l  pH 7 . 0 ,  t r e a t e d  w i t h  v a r i o u s  

q u a n t i t i e s  o f  r i v a n o l  s o l u t i o n  and p l a c e d  i n  room t e m p e r a ­

t u r e  f o r  4 t o  5 h o u r s ,  and f i n a l l y  p l a c e d  i n  a c o l d  room a t  

4 °  C f o r  20 h o u r s .  The r e s u l t  of  t h e  p a p e r  e l e c t r o p h o r e s i s  

i n d i c a t e d  t h a t  when 0 , 2  ml o f  2 , 0  % r i v a n o l  s o l u t i o n  was 

added  t o  1 ml of  t h e  c l e a r  s u p e r n a t a n t  o b t a i n e d  a b o v e ,  a l b u ­

mi n ,  ^ - g l o b u l i n  and p a r t  of  ^ - g l o b u l i n  w e r e  p r e s e n t  i n  t h e
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p r e c i p i t a t e  and t h e  non p r e c i p i t a b l e  f r a c t i o n  v^as f o u n d  t o  

c o n s i s t  l a r g e l y  of  p - g l o b u l i n  w i t h  t r a c e  amoun t s  o f  o(- and 

^ - g l o b u l i n .  I f  t h e  r i v a n o l  t r e a t e d  serum was p l a c e d  i n  c o l d  

room r i g h t  a f t e r  t h e  a d d i t i o n  o f  t h e  p r e c i p i t a n t ,  l e s s  

s a t i s f a c t o r y  r e s u l t s  w e r e  o b t a i n e d .  ■

I n  o r d e r  t o  f i n d  t h e  opt imum pH f o r  t h e  p r o c e d u r e ,  

t h e  ammonium s u l f a t e  t r e a t e d  and  d i a l y z e d  serum was a d j u s t ­

ed t o  v a r i o u s  pH v a l u e s  w i t h  h y d r o c h l o r i c  a c i d  and sod ium 

h y d r o x i d e  s o l u t i o n s  and t r e a t e d  w i t h  2 % r i v a n o l  s o l u t i o n  i n  

t h e  r a t i o  o f  1 volume of  t h e  t r e a t e d  serum and 0 . 2  vo lume  of  

2 % r i v a n o l .  Twenty f o u r  h o u r s  l a t e r  t h e  n o n - p r e c i p i t a b l e  

f r a c t i o n  was t r e a t e d  w i t h  a c t i v a t e d  c a r b o n ,  d i a l y z e d  a g a i n s t  

d i s t i l l e d  w a t e r  and e xa mi n ed  by  p a p e r  e l e c t r o p h o r e t i c  t e c h n i ­

q u e s .  At  h y d r o g e n  i o n  c o n c e n t r a t i o n s  b e t w e e n  pH 7 . 5  and 8 . 5  

t h e  r i v a n o l  p r e c i p i t a t e d  a l l  p r o t e i n s  e x c e p t  a f r a c t i o n  w i t h  

t h e  m o b i l i t y  o f  ^ - g l o b u l i n .

I t  was t h e n  n e c e s s a r y  t o  d e t e r m i n e  t h e  q u a n t i t y  of  

r i v a n o l  r e q u i r e d  t o  p r e c i p i t a t e  t h e  a l b u m i n  and o ( - g l o b u l i n  

a t  pH 7 . 5 .  The same p r o c e d u r e  u s e d  p r e v i o u s l y  ( P a g e  31)  was 

r e p e a t e d  a t  7 . 5  i n s t e a d  o f  7 . 0 .

A f t e r  t h e  t r e a t m e n t  w i t h  r i v a n o l ,  t h e  ^ - g l o b u l i n  

i n  r i v a n o l  s o l u t i o n  was d i a l y z e d  a g a i n s t  d i s t i l l e d  w a t e r '  

a t  a b o u t  4 °  C f o r  48  h o u r s  w i t h  f r e q u e n t  c h an g e  of  w a t e r .

The s m a l l  q u a n t i t y  o f  r i v a n o l  wh ic h  was n o t  d i a l y z e d  was 

r e mo v ed  by t r e a t m e n t  w i t h  a c t i v a t e d  c a r b o n .  Enough a c t i v a t ­

ed c a r b o n  was added t o  r e n d e r  t h e  f i l t r a t e  f r e e  o f  g r e e n i s h
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y e l l o w  c o l o r  and t h e n  t h e  c a r b o n  was r emoved  by e i t h e r  c e n ­

t r i f u g a t i o n  o r  f i l t r a t i o n .  The ( 3 - g l o b u l i n  s o l u t i o n  t h u s  ob­

t a i n e d  was l y o p h i l i z e d .

The s c h e m a t i c  d i a g r a m  of  t h e  f i n a l  p r o c e d u r e  i s  

o u t l i n e d  i n  F i g u r e  1 .

C h a r a c t e r i z a t i o n  o f  t h e  / 3 - G l o b u l i n s  

E l e c t r o p h o r e t i c  S t u d y  

The | 3 - g l o b u l i n  f r a c t i o n  was s t u d i e d  e l e c t r o p h o r e -  

t i c a l l y  on p a p e r  s t r i p s  u s i n g  L K B h o r i z o n t a l  e l e c t r o ­

p h o r e s i s  c e l l .  E l e c t r o p h o r e s i s  was c o n d u c t e d  w i t h  5 m i l l i -  

a m p e r e s  ( f o r  4 s t r i p s )  a t  room t e m p e r a t u r e  f o r  16 h o u r s  

i n  M i c h a e l i s  b u f f e r s  pH 2 , 6 ,  3 , 6 ,  5 , 1 ,  6 , 3 ,  6 , 9 ,  7 , 5 ,  8 , 6  

and 9 , 6  ( 4 3 ) ,  The s t r i p s  were o v e n - d r i e d  and d e v e l o p e d  w i t h  

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

0 , 0 7 5  M b a r b i t a l  o f  pH 8 , 6 ,  The s t r i p s  w e r e  o v e n - d r i e d  

and s t a i n e d  w i t h  s u d a n  b l a c k - B ,

I n  o r d e r  t o  f u r t h e r  c h e c k  t h e  h o m o g e n i t y  o f  t h e  

p r e p a r e d  / 3 - g l o b u l i n ,  c e l l u l o s e  a c e t a t e  p a p e r  e l e c t r o p h o r ­

e s i s  ( 4 4 )  was c a r r i e d  o u t  w i t h  0 , 0 7 5  M b a r b i t a l  b u f f e r  o f  

pH 8 , 6  f o r  4j^ h o u r s  a t  0 , 5  m i l l i a m p e r e s  p e r  c e n t i m e t e r  

w i d t h  o f  p a p e r  and a l s o  w i t h  t r i s - b o r a t e  b u f f e r  o f  pH 8 , 9  

( 4 5 )  f o r  16 h o u r s  a t  c o n s t a n t  v o l t a g e  180 v o l t .  The  s t r i p s  

w e r e  o v e n - d r i e d ,  s t a i n e d  w i t h  p o n s e a u  S ( 4 4 ) ,  The s t r i p  

d e v e l o p e d  w i t h  t r i s - b o r a t e  b u f f e r  was s c a n n e d  w i t h  t h e  

S p i n c o  A n a l y t r o l ,
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F i g u r e  1

-PREPARATION OF THE ^-GLOBULIN 

Serum

E q u a l  vo lume  o f  3 . 4  M (NH^j^SO^ 

s o l u t i o n  a d de d  w i t h  s t i r r i n g  

48  h o u r s  a t  a b o u t  6 °  C.  

C e n t r i f u g a t i o n

- P r e c i p i t a t e  

(Almost  a l l  of  t h e  

T - g l o b u l i n s

P a r t  o f  t h e  ^ - g l o b u l i n s  

and ^ g l o b u l i n s )

S u p e r n a t a n t  

D i a l y s i s

A d j u s t  t o  pH 7 . 5 - 8 . 0  

C e n t r i f u g a t i o n

S u p e r n a t a n t  P r e c i p i t a t e

2 % R i v a n o l  ( S m a l l  q u a n t i t y )

S t a n d  4 - 5  h o u r s  a t  room t e m p e r a t u r e  

and t h e n  20 h o u r s  a t  c o l d .

S u p e r n a t a n t  

( ^ - G l o b u l i n )

D i a l y s i s  

T r e a t m e n t  by 

a c t i v a t e d  c a r b o n  

L y o p h i l i z a t i o n  

^ - G l o b u l i n  f r a c t i o n

P r e c i p i t a t e  

(Albumin  

4 - a n d  p a r t  

o f  ^ - g l o b u l i n )
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C h e m i c a l  C o m p o s i t i o n

He xo se  d e t e r m i n a t i o n . The h e x o s e  c o n t e n t  o f  t h e  

/3- g l o b u l i n  was d e t e r m i n e d  by A n t h r o n e  and T r y p t o p h a n  m e t h o d s  

a s  d e s c r i b e d  by S h e t l a r  ( 4 6 ,  4 7 ) ,  An e q u i m o l a r  m i x t u r e  o f  

g a l a c t o s e  and mannose  was u s e d  a s  t h e  s t a n d a r d .

H ex os ami ne  d e t e r m i n a t i o n . The E l s o n - M o r g a n  method

( 4 8 )  was u s e d  f o r  t h e  d e t e r m i n a t i o n  of  h e x o s a m i n e s .

F u c o s e  d e t e r m i n a t i o n . The c y s t e i n e - H 2 S 0 ^  me t hod  o f  

D i s c h e  e;t ( 4 8 )  was u s e d  f o r  f u c o s e  d e t e r m i n a t i o n s .

P r o t e i n  d e t e r m i n a t i o n . B i u r e t  o r  L o w r y ’ s m e t h o d s

( 4 9 )  w e r e  u s e d  f o r  t h e  d e t e r m i n a t i o n  of  p r o t e i n ,  L a b - T r o l  

o f  Dade R e a g e n t s  I n c . ,  Miami ,  F l o r i d a  was u s e d  as  t h e  

s t a n d a r d .

S i a l i c  a c i d  d e t e r m i n a t i o n . D i p h e n y l a m i n e  ( 4 8 )  and 

t h i o b a r b i t u r i c  a c i d  me th od  of  War ren ( 5 0 )  w e r e  u s ed  f o r  t h e  

d e t e r m i n a t i o n  of  s i a l i c  a c i d .  A s u b m a x i l l a r y  muc in  p r e ­

p a r a t i o n  c o n t a i n i n g  1 9 . 1  % N - a c e t y l  n e u r a m i n i c  a c i d  f r om 

t h e  N u t r i t i o n a l  B i o c h e m i c a l  C o r p o r a t i o n  was u s e d  a s  t h e  

s t a n d a r d .

N i t r o g e n  d e t e r m i n a t i o n . D i g e s t i o n  by H SO^ and 

H2 O2  f o l l o w e d  by N e s s l e r i z a t i o n  was u se d  f o r  t h e  d e t e r ­

m i n a t i o n  o f  amino n i t r o g e n  ( 5 1 ) .

Q u a l i t a t i v e  S t u d y  o f  H e x o s e s . The / S - g l o b u l i n  s o l u ­

t i o n  was  d i a l y z e d  a g a i n s t  d i s t i l l e d  w a t e r  f o r  4 8  h o u r s  w i t h  

f r e q u e n t  c h a n g e  o f  t h e  d i s t i l l e d  w a t e r  p r i o r  t o  a c i d  h y d r o ­

l y s i s  b e c a u s e  a p r e l i m i n a r y  e x p e r i m e n t  i n d i c a t e d  t h e  p r e s e n c e
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o f  g l u c o s e  i n  t h e  ^ - g l o b u l i n  f r a c t i o n .  The d i a l y z e d  / g - g l o -  

b u l i n  s o l u t i o n  was h y d r o l y z e d  w i t h  2 N HCl a t  1 00 °  C f o r  

16 h o u r s ,  and t h e  h y d r o l y s a t e  was e v a p o r a t e d  t o  d r y n e s s  i n  

an e v a c u a t e d  oven  a t  room t e m p e r a t u r e .  The  m a t e r i a l  was t h e n  

d i s s o l v e d  i n  w a t e r ,  and p a s s e d  t h r o u g h  a Dowex 50 column t o  

r emove  amino a c i d s .  The Dowex 50  co lumn was was hed  w i t h  

w a t e r  and t h e  n o n - a b s o r b a b l e  m a t e r i a l  was  exami ned  by p a p e r  

c h r o m a t o g r a p h y  f o r  h e x o s e s .  A s c e n d i n g  c h r o m a t o g r a p h y  d e ­

v e l o p e d  w i t h  Y i - b u t a n o l ,  p y r i d i n e ,  w a t e r  ( 3 , 0 : 1 , 0 : 1 , 5 )  was 

u s e d .  The s p o t s  of  h e x o s e s  w er e  d e t e c t e d  by  2 - a m i n o b i p h e n y l , 

The h e x o s e s  w e r e  a l s o  s t u d i e d  e l e c t r o p h o r e t i c a l l y  

on p a p e r  s t r i p s  by u s i n g  t h e  S p i n c o  h a n g i n g  s t r i p  e l e c t r o ­

p h o r e s i s  s y s t e m .  E l e c t r o p h o r e s i s  was c o n d u c t e d  w i t h  c o n s t a n t  

v o l t a g e  o f  210 v o l t s  a t  room t e m p e r a t u r e  f o r  5 h o u r s  i n  

b o r a t e  b u f f e r  o f  0 , 0 5  M and pH 9 , 2 ,  The s t r i p  was d r i e d  and 

d e v e l o p e d  w i t h  2 - a m i n o b i p h e n y l ,

The h e x o s e  s p o t  h a v i n g  t h e  same v a l u e  a s  g l u c o s e  

was  r e a c t e d  w i t h  g l u c o s e  o x i d a s e .  The s p o t  was e l u t e d  f r o m 

t h e  p a p e r  by d i s t i l l e d  w a t e r  a f t e r  t h e  p a p e r  c h r o m a t o g r a p h i c  

s e p a r a t i o n  o f  t h e  s u g a r  and r e m o v a l  o f  p y r i d i n e  f r o m  t h e  

p a p e r  by h a n d i n g  t h e  c h r o m a t o g r a p h i c  p a p e r  i n  t h e  hood  f o r  

48  h o u r s .  To a b o u t  30 u g  o f  g l u c o s e  e l u t e d  f r o m  t h e  p a p e r ,

15 jug o f  g l u c o s e  o x i d a s e  i n  0 , 5  ml  o f  p h o s p h a t e  b u f f e r  o f

pH 7 , 4  was a d d e d .  The i n c u b a t i o n  m i x t u r e  was i n c u b a t e d  a t  

3 7 °  C f o r  3 h o u r s  and t h e  g l u c o s e  o x i d a s e  was  d e n a t u r a t e d  

by  h e a t i n g .  The b l a n k  was c a r r i e d  o u t  w i t h  h e a t  d e n a t u r a t e d
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enzyme .  The i n c u b a t i o n  m i x t u r e  was exami ned  a g a i n  f o r  

s u g a r s  b y  p a p e r  c h r o m a t o g r a p h i c  t e c h n i q u e .

Q u a n t i t a t i v e  S t u d y  o f  G a l a c t o s e  and Mannose  

The ^ - g l o b u l i n  h y d r o l y s a t e  was p r e p a r e d  by t h e  p r o ­

c e d u r e  d e s c r i b e d  i n  t h e  q u a l i t a t i v e  s t u d y  o f  t h e  h e x o s e s .

The h e x o s e s ,  r e l a t i v e l y  f r e e  of  amino a c i d s  and g l u c o s a m i n e ,  

w e r e  s e p a r a t e d  by  a s c e n d i n g  p a p e r  c h r o m a t o g r a p h i c  t e c h n i q u e  

u s i n g  I'Vhatman #1 f i l t e r  p a p e r  and e t h y l  a c e t a t e ,  p y r i d i n e ,  

w a t e r  ( 1 0 : 4 : 3 )  s o l v e n t .  The c h r o m a t o g r a m s  w e r e  d e v e l o p e d  

w i t h  t h e  s o l v e n t  t w i c e ,  s t a i n e d  w i t h  2 - a m i n o b i p h e n y l  and 

h e a t e d  a t  1 0 0 - 1 0 5 °  C f o r  5 m i n u t e s .  The q u a n t i t a t i v e  me a s ­

u r e m e n t  o f  t h e  mannose  and g a l a c t o s e  was made by m e a s u r i n g  

t h e  t o t a l  d e n s i t y  o f  t h e  c o l o r e d  s u g a r  s p o t s  on t h e  p a p e r  

c h r o m a t o g r a m  u s i n g  t h e  S p i n c o  a n a l y t r o l  e q u i p p e d  w i t h  K l e t t  

f i l t e r  # 4 2 .  A s e r i e s  o f  s t a n d a r d  s u g a r  s o l u t i o n s  was a p p l i e d  

on t h e  same s h e e t  o f  p a p e r  on wh ic h  t h e  s a m p l e  was a p p l i e d .  

I n  o r d e r  t o  d e t e r m i n e  t h e  r e l i a b i l i t y  o f  t h e  me thod  

a known q u a n t i t y  o f  man n o se  and g a l a c t o s e  was added  t o  one 

o f  t h e  / 3 - g l o b u l i n  h y d r o l y s a t e  t o  d e t e r m i n e  t h e  r e c o v e r y  of  

t h e  s u g a r .

P r e p a r a t i o n  o f  G l y c o p e p t i d e  

A f i v e  p e r  c e n t  s o l u t i o n  o f  ^ - g l o b u l i n ,  a d j u s t e d  t o  

pH 1 . 8  w i t h  h y d r o c h l o r i c  a c i d ,  was d i g e s t e d  w i t h  p e p s i n  

( w e i g h t  r a t i o  o f  s a m p l e  t o  enzyme,  1 0 0 : 1 )  a t  37°  C. One-  

s i x t h  o f  t h e  t o t a l  p e p s i n  u s e d  was a d ded  a t  e v e r y  12 h o u r s
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o v e r  a p e r i o d  o f  3 d a y s .  T o l u e n e  was added  t o  p r e v e n t  p u t r e ­

f a c t i o n .  A l i q u o t s  o f  t h e  d i g e s t i o n  m i x t u r e  w e r e  exami ned  

e v e r y  12  h o u r s  e l e c t r o p h o r e t i c a l l y  on p a p e r  s t r i p s  w i t h  t h e  

L K B h o r i z o n t a l  e l e c t r o p h o r e s i s  c e l l .  The e l e c t r o p h o r e s i s  

was c o n d u c t e d  w i t h  5 m ,  a , ,  ( t o t a l  o f  1 2 , 5  cm w i d t h  o f  p a p e r )  

i n  b a r b i t a l  b u f f e r  0 , 0 7 5  M and pH 8 , 6 ,  The s t r i p s  w e r e  d r i e d  

and d e v e l o p e d  w i t h  n i n h y d r i n  s o l u t i o n  ( 0 , 2 5  % n i n h y d r i n  

s o l u t i o n  c o n t a i n i n g  5 % a c e t i c  a c i d ) .  At t h e  end o f  3 d a y s ,  

t h e  a c i d i t y  o f  t h e  s o l u t i o n  became c o n s t a n t  and t h e  e l e c t r o ­

p h o r e t i c  p a t t e r n  o f  t h e  d i g e s t i o n  m i x t u r e  showed no f u r t h e r  

c h a n g e .  At  t h e  end o f  d i g e s t i o n  a d a r k  c o l o r e d  p r e c i p i t a t e ,  

i n s o l u b l e  a t  any pH,  r e m a i n e d .  The c l e a r  s u p e r n a t a n t  was 

c o l l e c t e d  by c e n t r i f u g a t i o n  and d i a l y z e d  a g a i n s t  0 , 0 5  M 

b a r b i t a l  b u f f e r  o f  pH 8 . 6  f o r  24 h o u r s .  The n o n - d i a l y z a b l e  

f r a c t i o n  was d e t e r m i n e d  f o r  p r o t e i n  and h e x o s e .  The n o n ­

d i a l y z a b l e  c l e a r  s o l u t i o n  was f r a c t i o n a t e d  by M i s c o  c o n ­

t i n u o u s  e l e c t r o p h o r e s i s  u s i n g  ' /' /hatman 3 mm p a p e r  and 0 . 0 5  M 

b a r b i t a l  b u f f e r  of  pH 8 , 6 ,  The  p a p e r  c u r t a i n  was washed  w i t h  

0 , 0 5  M b a r b i t a l  b u f f e r  f o r  24 h o u r s  b e f o r e  t h e  s am p l e  was 

a p p l i e d .  The e l e c t r o p h o r e s i s  was c a r r i e d  o u t  a t  c o n s t a n t  

v o l t a g e ,  340 v o l t s ,  and  9 m , a .  The d i s t r i b u t i o n  of  t h e  

f r a c t i o n  was d e t e c t e d  by d i p p i n g  t h e  c u r t a i n  i n t o  n i n h y d r i n  

a c e t o n e  s o l u t i o n  ( 0 , 2 5  % n i n h y d r i n  i n  a c e t o n e  s o l u t i o n  c on ­

t a i n i n g  5 % a c e t i c  a c i d ) .  The tv»̂ o f r a c t i o n s  h a v i n g  t h e  

l o w e s t  m o b i l i t y  w er e  u s e d  f o r  f u r t h e r  s t u d i e s .  F o r  c o n ­

v e n i e n c e ,  t h e s e  two f r a c t i o n s  w i l l  be  r e f e r r e d  h e r e a f t e r  as
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g l y c o p e p t i d e s  I  and  I I .

E l e c t r o p h o r e t i c  S t u d y  o f  t h e  G l y c o p e p t i d e  

The g l y c o p e p t i d e s  w er e  s t u d i e d  e l e c t r o p h o r e t i c a l l y  

on p a p e r  s t r i p s  (S and  S #50 f i l t e r  p a p e r )  by u s i n g  t h e  L K B 

h o r i z o n t a l  e l e c t r o p h o r e s i s  c e l l .  The e l e c t r o p h o r e s i s  V'/as 

c a r r i e d  o u t  a t  5 m, a ,  f o r  16 h o u r s  (1 m, a ,  p e r  2 . 5  cm o f  

p a p e r )  i n  M i c h a e l i s  b u f f e r s  o f  pH 9 . 6 ,  8 . 6 ,  7 , 5 ,  6 . 9 ,  6 , 3 ,

5 . 1  and t h e  s t r i p s  w e r e  s t a i n e d  w i t h  n i n h y d r i n  s o l u t i o n  a s  

d e s c r i b e d  a b o v e .

C h e m i c a l  C o m p o s i t i o n  of  t h e  G l y c o p e p t i d e s  

Q u a l i t a t i v e  s t ud y  of  t h e  h e x o s e s  i n  g l y c o p e p t i d e s  

w e re  c a r r i e d  o u t  a s  d e s c r i b e d  f o r  t h e  i n t a c t  ^ - g l o b u l i n  e x ­

c e p t  t h a t  t h e  t r e a t m e n t  o f  t h e  h y d r o l y s a t e  w i t h  Dowex 50  was  

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

t h e  g l y c o p e p t i d e s .  I t  was f i r s t  s u s p e c t e d  t h a t  t h e  g l u c o s e  

m i g h t  be  t h e  h y d r o l y s i s  p r o d u c t  o f  t h e  p a p e r  wh i ch  was 

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

t i c  f r a c t i o n a t i o n .  T h e r e f o r e ,  t h e  p e p s i n  d i g e s t e d  and 

d i a l y z e d  s a m p l e  p r i o r  t o  e l e c t r o p h o r e t i c  f r a c t i o n a t i o n  was 

ex ami ned  f o r  h e x o s e s  by p a p e r  c h r o m a t o g r a p h i c  t e c h n i q u e  a s  

d e s c r i b e d  f o r  g l y c o p e p t i d e s .

Q u a l i t a t i v e  a n a l y s i s  o f  t h e  amino a c i d s  o f  t h e  g l y ­

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

s i s - c h r o m a t o g r a p h i c  t e c h n i q u e .  The g l y c o p e p t i d e  was h y d r o ­

l y z e d  w i t h  6 N HCl f o r  20 h o u r s  and e v a p o r a t e d  t o  d r y n e s s  i n
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an e v a c u a t e d  oven a t  room t e m p e r a t u r e .  The  m a t e r i a l  was 

d i s s o l v e d  i n  d i s t i l l e d  w a t e r  and d r i e d  a g a i n .  The same p r o ­

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

h i g h  v o l t a g e  e l e c t r o p h o r e s i s .  The e l e c t r o p h o r e s i s  was c a r r i e d  

o u t  w i t h  IVhatman #  1 f i l t e r  p a p e r ,  3000 v o l t ,  2 , 5  m . a ,  f o r  

one h o u r  i n  t h e  s o l v e n t  o f  p y r i d i n e ,  a c e t i c  a c i d ,  w a t e r  

( 1 0 : 1 0 0 : 8 9 0 )  pH 3 , 5 ,  The s e c o n d  d i m e n s i o n  was d e v e l o p e d  as  

an a s c e n d i n g  p a p e r  c h r o m a t o g r a p h  w i t h  n - b u t a n o l ,  a c e t i c  

a c i d ,  w a t e r  ( 1 2  : 3 : 5 r a t i o  i n  v o l u m e ) .  The amino a c i d s  

w e r e  d e t e c t e d  w i t h  0 . 2 5  % n i n h y d r i n  a c e t o n  s o l u t i o n .

P a r t i a l  Acid H y d r o l y s i s  o f  t h e  G l y c o p e p t i d e s  

I n  o r d e r  t o  s t u d y  t h e  n a t u r e  o f  t h e  c a r b o h y d r a t e  

m o i e t y  o f  t h e  g l y c o p e p t i d e s ,  a p a r t i a l  a c i d  h y d r o l y s i s  was 

c a r r i e d  o u t  on t h e  g l y c o p e p t i d e  I  a s  d e s c r i b e d  b e l o w .

To 2 ml  s o l u t i o n  c o n t a i n i n g  80  yug o f  g l y c o p e p t i d e  I ,  

a c a l c u l a t e d  amount  o f  HCl was a dded  t o  make 0 , 0 0 1 0  N, 0 , 0 0 2 5  

N, 0 , 0 0 5 0  N, 0 , 0 1  N and 2 , 0  N, The g l y c o p e p t i d e  s o l u t i o n  i n  

v a r i o u s  a c i d  c o n c e n t r a t i o n  w e r e  h e a t e d  a t  100°  C f o r  2 h o u r s .  

The h y d r o l y s a t e  was d r i e d  i n  e v a c u a t e d  oven  a t  room t e m p e r a ­

t u r e ,  The  m a t e r i a l  was t h e n  d i s s o l v e d  i n  w a t e r ,  c e n t r i f u g e d  

and t h e  c l e a r  s u p e r n a t a n t  was u s e d  f o r  c h r o m a t o g r a p h y .  The 

p a p e r  c h r o m a t o g r a p h i c  p a p e r  d e v e l o p e d  w i t h  a s c e n d i n g  t e c h n i q u e  

i n  e t h y l  a c e t a t e ,  p y r i d i n e ,  w a t e r  ( 1 0  : 4 : 3)  was s t a i n e d  w i t h  

AgNOg and e t h a n o l i c  sodium h y d r o x i d e .  The c h r o m a t o g r a p h i c  

p a p e r  was a l s o  s p r a y e d  w i t h  So.mogyi N e l s o n  s p r a y i n g  r e a g e n t



•41
which  was u s e d  t o  d e t e c t  r e d u c i n g  o l i g o s a c c h a r i d e s  by 

F r e n c h  _et _al.  ( 5 2 ) .

F u r t h e r  E n r i c h m e n t  o f  t h e  C a r b o h y d r a t e  U n i t

F o r  t h e  s t u d y  o f  t h e  l i n k a g e  b e t w e e n  c a r b o h y d r a t e  

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

was d e s i r a b l e  s i n c e  t h e r e  was s t i l l  c o n s i d e r a b l e  q u a n t i t y  of  

p r o t e i n  i n  t h e  g l y c o p e p t i d e s .  The b a c t e r i a l  enzyme p r o n a s e  ( 5 3 )  

was u s e d  a s  t h e  p r o t e o l y t i c  enzyme f o r  t h e  f u r t h e r  e n r i c h m e n t  

'of t h e  c a r b o h y d r a t e  u n i t  o f  t h e  P - g l o b u l i n  a s  b e l o w .

A 5 % ^ - g l o b u l i n  s o l u t i o n  was f i r s t  d i g e s t e d  w i t h  

p e p s i n  a s  d e s c r i b e d  b e f o r e  and t h e  d i g e s t i o n  m i x t u r e  was  d i a ­

l y z e d  a g a i n s t  p h o s p h a t e  b u f f e r  o f  pH 7 , 4  w i t h  f r e q u e n t  c h a n g e  

o f  t h e  p h o s p h a t e  b u f f e r  f o r  48  h o u r s  a t  c o l d  room ( a b o u t  4 °  C ) .  

P r o n a s e  was a d d e d  t o  t h e  n o n - d i a l y z a b l e  p o r t i o n  i n  a w e i g h t  

p r o p o r t i o n  of  o r i g i n a l  ^ - g l o b u l i n ,  200 : p r o n a s e ,  1 .  The 

m i x t u r e  was i n c u b a t e d  a t  3 7 °  C f o r  a p e r i o d  o f  2 d a y s .  At t h e  

end of t h e  d i g e s t i o n  t h e r e  r e m a i n e d  a g r a y  c o l o r e d  p r e c i p i t a t e  

wh ic h  was  s o l u b l e  i n  a l k a l i  s o l u t i o n  b u t  n o t  i n  d i s t i l l e d  

w a t e r .  The p r e c i p i t a t e  was d i s c a r d e d  s i n c e  i t  c o n t a i n e d  no 

d e t e c t a b l e  amount  o f  h e x o s e  ( a s  i n d i c a t e d  by t h e  a n t h r o n e  

r e a c t i o n ) .  The c l e a r  s u p e r n a t a n t  was c o l l e c t e d  by c e n t r i ­

f u g a t i o n  and l y o p h i l i z e d .  The l y o p h i l i z e d  s amp l e  was t h e n  

d i s s o l v e d  i n  d i s t i l l e d  w a t e r  t o  make 10 % s o l u t i o n  f r o m  wh i ch  

t h e  c a r b o h y d r a t e  r i c h  f r a c t i o n  was p r e c i p i t a t e d  by 90 % e t h a n o l .  

B ot h  t h e  p r e c i p i t a b l e  and n o n - p r e c i p i t a b l e  f r a c t i o n s  w e r e  

a n a l y z e d  f o r  h e x o s e  and  p r o t e i n  by t h e  A n t h r o n e  me thod
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( 4 7 )  and  L o w r y ’ s m e t h o d s  r e s p e c t i v e l y  ( 4 9 ) .  F u r t h e r  e n r i c h ­

ment  o f  t h e  c a r b o h y d r a t e  was  a t t e m p t e d  by d i a l y z i n g  t h e  : 

p r e c i p i t a b l e  f r a c t i o n  a g a i n s t  d i s t i l l e d  w a t e r  and t h e  n o n -  

d i a l y z a b l e  f r a c t i o n  was a g a i n  a n a l y z e d  f o r  c a r b o h y d r a t e  and 

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

Dowex 50 co lumn t o  r emove  t h e  s m a l l  p e p t i d e s  and f r e e  amino 

a c i d s  and  t h e  f r a c t i o n  e l u t e d  f r o m t h e  column by w a t e r  was 

d e t e r m i n e d  f o r  h e x o s e  and p r o t e i n .  The d i a l y z a b l e ,  Dowex 50 

t r e a t e d  f r a c t i o n  was  e x ami n ed  f o r  amino a c i d s  by t h e  e l e c ­

t r o p h o r e s i s - c h r o m a t o g r a p h i c  t e c h n i q u e  a s  d e s c r i b e d  f o r  

q u a l i t a t i v e  amino  a c i d s  a n a l y s i s  o f  t h e  g l y c o p e p t i d e  I  and 

I I ,  The d i a l y z a b l e  and  Dowex 50 column t r e a t e d  f r a c t i o n  was 

f o u n d  t o  b e  v e r y  r i c h  i n  c a r b o h y d r a t e  and w i l l  be  h e r e a f t e r  

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

e l e c t r o p h o r e s i s - c h r o m a t o g r a p h i c  t e c h n i q u e  a s  d e s c r i b e d  f o r  

q u a l i t a t i v e  a n a l y s i s  o f  ami no  a c i d  was u s e d  t o  s t u d y  t h e  

h o m o g e n e i t y  o f  t h e  f r a c t i o n .  The s c h e m a t i c  d i a g r a m  o f  t h e  

d e g r a d a t i o n  o f  t h e  ( S - g l o b u l i n  i s  o u t l i n e d  i n  F i g u r e  2 ,

D e g r a d a t i o n  o f  t h e  U n f r a c t i o n a t e d  G l y c o p e p t i d e s  

Wi th  Amino P e p t i d a s e  and C a r b o x y p e p t i d a s e  

The u n f r a c t i o n a t e d  g l y c o p e p t i d e s  s o l u t i o n  0 , 1  ml 

c o n t a i n i n g  a b o u t  150  vUg p r o t e i n ,  250 >ug h e x o s e  and u n d e t e r ­

mined  q u a n t i t y  o f  h e x o s a m i n e  i n  0 , 1  ml  was i n c u b a t e d  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 ,  180 xig i n  0 . 2 3  ml o f  b a r b i t a l  

b u f f e r  o f  pH 8 , 6 ,  0 , 0 2  M, f o r  20 h o u r s  a t  37°  C,  An 

a d d i t i o n a l  180 jug o f  t h e  enzyme was  added  a f t e r  24 h o u r s .  At
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Figure 2

DEGRADATION OF ^-GLOBULIN

^ - G l o b u l i n  s o l u t i o n

A d j u s t e d  t o  pH 1 . 8  w i t h  HCl 

P e p s i n  d i g e s t i o n  a t  37°  0 

f o r  3 d a y s

S o l u b l e  f r a c t i o n -

r r

D i a l y s i s  a g a i n s t  b a r b i t a l  
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( T r a c e  am o u n t )

S u p e r n a t a n t  
C o n t i n u o u s  
e l e c t r o p h o r e s i s

P r e c i p i t a t e  
( D i s c a r d e d )

D i a l y s i s  a g a i n s t

p h o s p h a t e  b u f f e r  o f

pH 7 . 4

P r o n a s e  d i g e s t i o n

S u p e r n a t a n t

L y o p h i l i z a t i o n  

Make 10 % s o l u t i o n  

90 % e t h a n o l

P r e c i p i t a t e  
( D i s c a r d e d )

P r e c i p i t a t e

D i a l y s i s

S u p e r n a t a n t

Non d i a l y z a b l e D i a l y z a b l e

Dowex 50  t r e a t m e n t  

C a r b o h y d r a t e  r i c h  f r a c t i o n
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t h e  end  o f  4 8  h o u r s ,  t h e  enzyme was r em oved  by  h e a t i n g  a t  

100°  C f o r  5 m i n u t e s  f o l l p w e d  by  c e n t r i f u g a t i o n .  The p r e ­

c i p i t a t e  was w ashed  t h r e e  t i m e s  w i t h  s m a l l  q u a n t i t i e s  o f  

w a t e r .  The s u p e r n a t a n t  com bined  w i t h  w a s h i n g s  was d r i e d  i n  

t h e  e v a c u a t e d  oven a t  room t e m p e r a t u r e .  The d r i e d  m a t e r i a l  

was  t h e n  d i s s o l v e d  i n  0 , 5  ml of  w a t e r  and  pH of  t h e  s o l u t i o n  

was a d j u s t e d  t o  a b o u t  7 , 5 ,  To t h e  ab o v e  s o l u t i o n  o f  200 jug 

o f  c a r b o x y p e p t i d a s e  i n  0 , 2  ml o f  0 . 0 2  M v e r o n a l  b u f f e r ,  pH 

7 , 5 ,  c o n t a i n i n g  0 , 1  M NaCl was a d d e d .  An a d d i t i o n a l  200 jug 

o f  t h e  enzyme was ad d ed  a f t e r  24 h o u r s .  The i n c u b a t i o n  was 

c a r r i e d  o u t  a t  37°  C f o r  48  h o u r s .  At t h e  end of  i n c u b a t i o n ,  

t h e  enxyme was rem o v ed  f ro m  t h e  i n c u b a t i o n  m i x t u r e  by  h e a t ­

i n g  a t  1 0 0 °  C f o r  5 m i n u t e s  and  c e n t r i f u g a t i o n .  The c l e a r  

s u p e r n a t a n t  was p a s s e d  t h r o u g h  a Dowex 50 column 3 t i m e s  

and t h e  f r a c t i o n  e l u t e d  f rom  t h e  column by  w a t e r  was a n a l y ­

zed  q u a l i t a t i v e l y  f o r  amino a c i d  by t h e  same t e c h n i q u e  

u s e d  f o r . a m i n o  a c i d  a n a l y s i s  of  g l y c o p e p t i d e  I  and I I ,  P r i o r  

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

a c e t a t e  a c i d ,  w a t e r  was u s e d  t o  d e t e c t  w h e t h e r  t h e  Dowex 

50 column t r e a t m e n t  d i d  rem ove  a l l  t h e  f r e e  amino a c i d s ,  A 

b l a n k  t e s t  was c a r r i e d  o u t  a s  ab o v e  e x c e p t  t h a t  t h e  h e a t  d e -  

n a t u r a t e d  enzyme was u s e d  i n s t e a d  o f  a c t i v e  enzyme.

B ar iu m  H y d r o x i d e  H y d r o l y s i s  o f  t h e  G l y c o p e p t i d e  

The p r o n a s e  d i g e s t e d ,  90 % e t h a n o l  p r e c i p i t a t e d  

f r a c t i o n  was h y d r o l y z e d  w i t h  10 % BatOH)^ a t  10 0 °  C f o r  12 

h o u r s .  A f t e r  r e m o v a l  o f  b a r i u m  i o n  a s  BaSO^, t h e  c a r b o h y d r a t e
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r i c h  f r a c t i o n  was  p r e c i p i t a t e d  by 75 % e t h a n o l .  The e t h a n o l  

p r e c i p i t a t i o n  was r e p e a t e d  t w i c e .  The p r e c i p i t a t e  was d i a -  

l y z e d  a g a i n s t  w a t e r  and t h e  n o n - d i a l y z a b l e  f r a c t i o n  was 

a n a l y s e d  f o r  h e x o s e  and p r o t e i n .  The d i a l y z a b l e  f r a c t i o n  

was  t r e a t e d  w i t h  Dowex 50 t o  remove  t h e  f r e e  amino a c i d s  

and a n a l y z e d  f o r  amino  a c i d s  q u a l i t a t i v e l y  by e l e c t r o ­

p h o r e s i s -  c h r o m a t o g r a p h y  t e c h n i q u e .



CHAPTER IV 

RESULT AND DISCUSSION

P r e p a r a t i o n  o f  ^ - G l o b u l i n  

A r e l a t i v e l y  s i m p l e  p r o c e d u r e  f o r  p r e p a r a t i o n  o f  t h e  

j S - g l o b u l i n  f r a c t i o n  f r o m  b o v i n e  se rum  was d e v e l o p e d  by  com­

b i n a t i o n  o f  ammonium s u l f a t e  w i t h  r i v a n o l  f r a c t i o n a t i o n .

I n  t h e  i n i t i a l  ammonium s u l f a t e  f r a c t i o n a t i o n  

s t u d i e s  i t  was f o u n d  t h a t  a t  1 . 7  m o l a r  ammonium s u l f a t e ,  

p r a c t i c a l l y  a l l  o f  t h e  T - g l o b u l i n ,  a f a i r l y  l a r g e  q u a n t i t y  

o f  t h e  ^ - g l o b u l i n ,  and  a s m a l l  amount  o f  0 ( - g l o b u l i n s  w e re  

p r e c i p i t a t e d .  The d i s t r i b u t i o n  o f  t h e  v a r i o u s  p r o t e i n  f r a c ­

t i o n s  i n  t h e  w h o le  se ru m  and t h e  1 , 7  m o l a r  ammonium s u l f a t e  

s o l u b l e  f r a c t i o n  a s  e s t i m a t e d  f rom  t h e  d e n s i t o m e t e r  c u r v e  

of  t h e  p a p e r  s t r i p  e l e c t r o p h o r e s i s  a r e  g i v e n  i n  T a b l e  I ,

A c c o r d i n g  t o  t h e  r e s u l t  r e p o r t e d  by  Cohn e t  _al,  ( 8 ) ,  

a lb u m i n  was n o t  p r e c i p i t a t e d  f ro m  h o r s e  se rum  a t  ammonium 

s u l f a t e  c o n c e n t r a t i o n  l e s s  t h a n  2 . 0 5  m o l a r .  T h e r e f o r e  th.e 

f i g u r e s  i n  t h e  co lum n I I I ,  T a b l e  I ,  was c a l c u l a t e d  by 

a s s u m i n g  t h a t  no a l b u m i n  was p r e c i p i t a t e d  a t  ,1,.7 M ammonium 

s u l f a t e ,  i . e .  s e t t i n g  t h e  a lb u m in  p e r c e n t a g e  i n  t h e  column 

I I I  e q u a l  t o  4 8 , 2  % and  c a l c u l a t i n g  t h e  p e r c e n t a g e  o f  o t h e r

46
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f r a c t i o n s .  From t h e  f i g u r e s  i n  column I I I  o f  T a b l e  I ,  i t  i s  

a p p a r e n t  t h a t  1 . 7  M ammonium s u l f a t e  p r e c i p i t a t e s  m o s t  of  t h e  

T - g l o b u l i n ,  a s  w e l l  a s  c o n s i d e r a b l e  q u a n t i t i e s  o f  ( i-  and 

( X - g l o b u l i n s .

By t h e  r i v a n o l  p r e c i p i t a t i o n  i t  may be p o s s i b l e  t o  

p r e p a r e  T - g l o b u l i n  f r o m  t h e  1 . 7  M ammonium s u l f a t e  i n s o l u b l e  

f r a c t i o n  s i n c e  t h e  r i v a n o l  a t  p r o p e r  c o n c e n t r a t i o n  and pH 

s h o u l d  p r e c i p i t a t e  a l l  o f  t h e  o C - g lo b u l in s  and p a r t  o f  t h e  

/ 3 - g l o b u l i n s .

T a b l e  I  

RESULT OF AMMONIUM SULFATE 

FRACTIONATION OF THE SERUM

I

Serum

%

I I

1 . 7  M ( N H . ) .S O j
S o l u b l e ^  4 

F r a c t i o n

%

I I I *

1 . 7  M

F r a c t i o n

%

A lbum in 4 8 . 2 7 6 . 5 4 8 . 2

K - G l o b u l i n 8 . 1 8 . 1 5 . 1

^ - G l o b u l i n 1 7 . 2 1 3 .4 8 . 4

T - G l o b u l i n 2 6 . 5 1 . 9 1 . 2

T o t a l  P r o t e i n 1 0 0 . 0 1 0 0 . 0 6 2 . 9

* The f i g u r e s  i n  co lumn I I I  w e r e  c a l c u l a t e d  by s e t t i n g  t h e  
a l b u m i n  p e r c e n t a g e  i n  t h e  column I I I  e q u a l  t o  4 8 . 2  % and  c a l ­
c u l a t i n g  t h e  p e r c e n t a g e  o f . o t h e r  f r a c t i o n s .

The i d e a  o f  t h e  ammonium s u l f a t e  f r a c t i o n a t i o n  was 

b a s e d  on t h e  ammonium s u l f a t e  f r a c t i o n a t i o n  o f  h o r s e  serum



4 8 .

by Cohn e t  ( 8 ) ,  They added t h e  ammonium s u l f a t e  by 

d i a l y s i s  t h r o u g h  a' r o t a t i n g  c e l l o p h a n e  bag  im m ersed  i n  th e  

p r o t e i n  s o l u t i o n  t o  o b t a i n  a w e l l  p a c k e d  p r e c i p i t a t e .  The 

m e th o d  p r o v e d  t o  b e  u n s a t i s f a c t o r y  f o r  a l a r g e r  s c a l e  p r e ­

p a r a t i o n  and  t h e  m e th o d  d e s c r i b e d  i n  t h e  s e c t i o n  I I I ,  i . e .  

a d d i n g  t h e  same vo lum e of  3 .4  M (NH^ÏgSO^ s o l u t i o n  i n t o  

t h e  se rum  i n  a f i n e  s t r e a m  w i t h  s t i r r i n g ,  was u s e d .

When t h e  r i v a n o l  s o l u t i o n  was  ad d ed  t o  t h e  1 . 7  M 

(NH^) 2 S0 ^ i n s o l u b l e  f r a c t i o n  w i t h o u t  p r e v i o u s  r e m o v a l  o f  

ammonium s u l f a t e  by  d i a l y s i s ,  no p r e c i p i t a t i o n  was o b s e r v e d  

r e g a r d l e s s  o f  t h e  pH o f  t h e  s o l u t i o n .  T h i s  o b s e r v a t i o n  i s  i n  

good a g r e e m e n t  w i t h  t h e  r e s u l t  r e p o r t e d  by K a d l o r  e_t _al . ( 2 0 ) .  

They o b s e r v e d  t h a t  p r e c i p i t a t i o n  o f  a l b u m i n  by  r i v a n o l  was 

r e d u c e d  a s  t h e  i o n i c  s t r e n g t h  of  t h e  s o l u t i o n  was  i n c r e a s e d .  

F o r  r i v a n o l  f r a c t i o n a t i o n  of human s e r u m ,  S a i f e r  e t  a l . .  (14) 

and  H o r e j s i  _et al , .  ( 1 3 )  u sed  4 vo lum e o f  0 .4  % r i v a n o l  t o  

p r e c i p i t a t e  a l b u m i n ,  o i - g l o b u l i n s  and  p a r t  o f  ^ - g l o b u l i n s  

f ro m  1 vo lum e o f  s e r u m .  The r e a s o n  f o r  u s i n g  l a r g e  q u a n t i t y  

o f  d i l u t e  r i v a n o l  s o l u t i o n  i n s t e a d  o f  u s i n g  s m a l l  vo lum e of 

c o n c e n t r a t e d  r i v a n o l  s o l u t i o n  was n o t  s t a t e d .  I t  would  

a p p e a r  t h a t  d i l u t i o n  o f  t h e  se rum was n e c e s s a r y  t o  l o w e r  

t h e  i o n i c  s t r e n g t h  f o r  s u c c e s s f u l  f r a c t i o n a t i o n .  When a 

c a l c u l a t e d  q u a n t i t y  o f  (NH^)2 S0 j  was a d d e d  t o  t h e  2 % 

r i v a n o l  s o l u t i o n  t o  make 1 . 7  m o l a r ,  t h e  y e l l o w  p r e c i p i t a t e  

was o b s e r v e d  a f t e r  a s h o r t  p e r i o d  o f  s t a n d i n g  i n  t h e  c o l d  

room ( a b o u t  6 °  C ) .  Hence  t h e  s a l t i n g  o u t  o f  t h e  r i v a n o l  by
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ammonium s u l f a t e  a t  low  t e m p e r a t u r e  would  a p p e a r  t o  b e  

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

p r o t e i n  by r i v a n o l  a t  h i g h  ammonium s u l f a t e  c o n c e n t r a t i o n .

I n  o r d e r  t o  o b t a i n  a s a t i s f a c t o r y  r e s u l t ,  t h e  e x h a u s t i v e  

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

t i o n a t i o n  i s  e s s e n t i a l .  I n  t h i s  e x p e r i m e n t  s m a l l  q u a n t i t i e s  

o f  r i v a n o l  s o l u t i o n  was a d d ed  t o  a r e l a t i v e l y  s a l t  f r e e  

p r o t e i n  s o l u t i o n  i n  o r d e r  t o  keep  t h e  f i n a l  vo lum e o f  t h e  

s o l u t i o n  w i t h i n  b o u n d s  o f  t h e  a v a i l a b l e  e q u i p m e n t .

I t  was a l s o  foumd t h a t  t h e  pH of  t h e  s o l u t i o n  had  a 

p r o f o u n d  e f f e c t  on t h e  p r e c i p i t a t i o n  of t h e  p r o t e i n .  The r e ­

s u l t  o f  t h e  e f f e c t  o f  pH on t h e  r i v a n o l  p r e c i p i t a t i o n  was 

shown i n  F i g u r e  3 .  At pH 3 . 9  o n l y  v e r y  s l i g h t  p r e c i p i t a t i o n  

o f  t h e  p r o t e i n  was o b s e r v e d  and t h e  e l e c t r o p h o r e t i c  p r o p e r t y  

o f  t h e  p r o t e i n  was a l t e r e d  by t h e  low pH o f  t h e  s o l u t i o n .  The 

p r e c i p i t a t i o n  o f  p r o t e i n  i n c r e a s e d  w i t h  t h e  i n c r e a s e  o f  t h e  

pH. At pH b e t w e e n  7 , 5  and 8 . 5  o n l y  ^ - g l o b u l i n  and t r a c e  amount 

o f  T - g l o b u l i n  r e m a i n e d  i n  t h e  f i l t r a t e .  I t  was l a t e r  f o u n d  

t h a t  t h i s  pH r a n g e  c o u l d  b e  e a s i l y  o b t a i n e d  i f  t h e  ammonium 

s u l f a t e  t r e a t e d  serum  w e r e  d i a l y z e d  a g a i n s t  t a p  w a t e r .

The q u a n t i t y  o f  r i v a n o l  s o l u t i o n  r e q u i r e d  f o r  com­

p l e t e  p r e c i p i t a t i o n  o f  t h e  a lb u m in  and o ( - g l o b u l i n s  was  d e ­

t e r m i n e d  t o  b e  0 . 2  ml o f  2 % r i v a n o l  s o l u t i o n  p e r  m i l l i l i t e r  

o f  1 . 7  M (N H ^^O ^ s o l u b l e  p r o t e i n  f r a c t i o n  f r e e d  o f  

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

The d e t a i l  o f  t h e  r e s u l t  i s  shown i n  F i g u r e  4 .
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Figure 3
E f f e c t  o f  A c i d i t y  on R i v a n o l  F r a c t i o n a t i o n

* P h o t o g r a p h s  o f  t h e  p a p e r  s t r i p  e l e c t r o p h o r e s i s  

p a t t e r n s  o f  t h e  r i v a n o l  s o l u b l e  f r a c t i o n  o f  t h e  

t r e a t e d  se ru m  a t  v a r i o u s  h y d r o g e n  i o n  c o n c e n t r a t i o n s .

The f i g u r e  on eac h  s t r i p  i s  t h e  pH o f  t h e  p r o t e i n  

s o l u t i o n .

F o r  t h e  e l e c t r o p h o r e t i c  p a t t e r n  o f  t h e  o r i g i n a l  

b e e f  s e ru m  s e e  t h e  F i g u r e  4 .
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A c c o r d i n g  t o  S a i f e r  ^  ( 1 4 ) ,  when an i n c r e a s i n g

v o lum e  of 0 . 4  % r i v a n o l  s o l u t i o n  was a d d ed  t o  a f i x e d  vo lum e 

o f  human s e r u m ,  t h e  f a s t e r  m i g r a t i n g  e l e c t r o p h o r e t i c  f r a c t i o n s  

w e r e  p r o g r e s s i v e l y  rem oved  f r o m  t h e  s u p e r n a t a n t  and  a p p e a r e d  

i n  c o r r e s p o n d i n g  p r e c i p i t a t e s .  U nder  t h e  e x p e r i m e n t a l  c o n ­

d i t i o n s  u s e d  i n  t h i s  s t u d y  t h e  same r e s u l t  was n o t  o b t a i n e d .  

A c c o r d i n g  t o  t h e  F i g u r e  4 ,  t h e r e  was no e v i d e n c e  t h a t  a lb u m in  

was p r e c i p i t a t e d  p r i o r  t o  p r e c i p i t a t i o n  of ^ - g l o b u l i n .  The 

d i s a g r e e m e n t  m i g h t  b e  d u e  t o  t h e  d i f f e r e n t  e x p e r i m e n t a l  c o n ­

d i t i o n s  u sed  by  S a i f e r  and t h o s e  u sed  i n  t h i s  s t u d y .  The 

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

w h i c h  i s  an i m p o r t a n t  f a c t o r  i n  t h e  r i v a n o l  f r a c t i o n a t i o n .

The d i f f e r e n t  se rum  u s e d ,  human serum b y  S a i f e r  and  b e e f  

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

d i s a g r e e m e n t .

I f  t h e  r i v a n o l  s o l u t i o n  w e re  added  t o  t h e  1 . 7  M 

ammonium s u l f a t e  s o l u b l e  f r a c t i o n  which  had b e e n  p r e v i o u s l y  

c h i l l e d  i n  t h e  i c e  b a t h  and t h e  sam p le  w e re  p l a c e d  i n  t h e  r e ­

f r i g e r a t o r  i m m e d i a t e l y  a f t e r  t h e  a d d i t i o n  o f  r i v a n o l ,  a l e s s  

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

t i o n  o f  a lb u m in  and ^ - g l o b u l i n s  was n o t  o b t a i n e d .  The  y e l l o w  

c r y s t a l l i n e  l i k e  p r e c i p i t a t e  a p p e a r e d  d i f f e r e n t  f r o m  t h e  

u s u a l  p r e c i p i t a t e  o f  r i v a n o l - p r o t e i n  c o m p le x .  I t  i s  s u g g e s t ­

ed t h a t  r i v a n o l  p r e c i p i t a t e d  o u t  f rom  t h e  s o l u t i o n  i n  t h e  

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

o f  t h e  r i v a n o l  i s  l o w e r  a t  low t e m p e r a t u r e s  (1  p a r t  s o l u b l e
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Figure 4

R i v a n o l  F r a c t i o n a t i o n  o f  1 . 7  M 
Ammonium S u l f a t e  S o l u b l e  Serum

1 2  3 4 5 6 7  8

P h o t o g r a p h s  o f  t h e  p a p e r  s t r i p  e l e c t r o p h o r e s i s  

p a t t e r n s  of  t h e  r i v a n o l  non p r e c i p i t a b l e  f r a c t i o n .

1 .  Whole b e e f  s e r u m .

2 .  F i n a l  p r o d u c t .

3 .  1 ml (NH^j^SO^ t r e a t e d  serum and  o . 2 0  ml 2 % r i v a n o l .

4 .  1 ml (NH^)2S0^ t r e a t e d  serum and 0 . 1 5  ml 2 % r i v a n o l .

5 .  1 ml (NH^j^SO^ t r e a t e d  serum and 0 . 1 0  ml 2 % r i v a n o l .

6 .  1 ml (NH^jgSO^ t r e a t e d  serum and 0 . 0 5  ml 2 % r i v a n o l .

7 .  (NH^)2S0^ t r e a t e d  s e ru m .

8 .  Whole b e e f  s e r u m .
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i n  15 p a r t s  c o l d  w a t e r ;  1 p a r t  s o l u b l e  i n  9 p a r t s  b o i l i n g  

w a t e r )  ( 5 4 ) ,

I t  i s  e s s e n t i a l  t o  d e t e r m i n e  t h e  q u a n t i t y  o f  r i v a n o l  

s o l u t i o n  n e c e s s a r y  f o r  t h e  c o m p l e t e  p r e c i p i t a t i o n  o f  a lb u m in  

and o l - g l o b u l i n  i n  e a c h  p r e p a r a t i o n  b e c a u s e  t h e r e  i s  e v i d e n c e  

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

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  and i t  i s  r a t h e r  d i f f i c u l t  t o  

c o n t r o l  t h e  p r o t e i n  c o n c e n t r a t i o n  when d i a l y s i s  i s  an e s s e n ­

t i a l  s t e p .  F u r t h e r m o r e ,  t h e  r i v a n o l  s o l u t i o n  was f o u n d  t o  p r e ­

c i p i t a t e  t h e  0 - g l o b u l i n ,  w h ic h  had  b e e n  o b t a i n e d  a s  r i v a n o l  

non p r e c i p i t a b l e  f r a c t i o n  f ro m  t h e  s e r u m ,  f r o m  a c o n c e n ­

t r a t e d  0 - g l o b u l i n  s o l u t i o n .

The r i v a n o l  was r em o v ed  by d i a l y s i s  and by  a b s o r p ­

t i o n  by a c t i v a t e d  c a r b o n .  B e c a u s e  of  t h e  c o l l o i d a l  p r o p e r t y  

o f  t h e  r i v a n o l  ( 5 5 )  i t  was d i f f i c u l t  t o  rem ove  t h e  r i v a n o l  

by  d i a l y s i s  o n l y .

A c c o r d i n g  t o  K a l d o r  ( 2 0 ) ,  t h e  g e n e r a l  n a t u r e  o f  t h e  

r i v a n o l  serum a l b u m i n  i n t e r a c t i o n  r e s e m b l e s  t h a t  o f  b i v a l e n t  

c a t i o n s  w i t h  c a r b o x y l  g r o u p s  o f  p r o t e i n  u n d e r  t h e i r  ex­

p e r i m e n t a l  c o n d i t i o n ,  R i v a n o l ,  h a v i n g  a pk o f  1 1 . 5  i s  c o n ­

s i d e r e d  a s  i o n i z e d  i n t o  a b i v a l e n t  c a t i o n  a t  pH b e l o w  1 1 . 5 .

The c h e m i c a l  s t r u c t u r e  o f  t h e  r i v a n o l ,  l a c t a t e  d e ­

r i v a t i v e  o f  6 , 9 - d i a m i n o - 2 - e t h o x y a c r i d i n e ,  i s  shown b e l o w .
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NHz 
V O Q H ,

• CH3CHOHCOOH

6 , 9 - d i a m l n o - 2 - e t h o x y a c r i d i n e - l a c t a t e  

C h a r a c t e r i z a t i o n  o f  t h e  / 3 - G l o b u l i n

- E l e c t r o p h o r e t i c  S t u d y

The r e s u l t  o f  t h e  p a p e r  e l e c t r o p h o r e s i s  ( F i g u r e  5) 

showed t h a t  t h e  ^ - g l o b u l i n  moved a s  a s i n g l e  band b e tw e e n  pH 

v a l u e  o f  5 , 1  t o  9 . 6 .  At pH 2 . 6  and 3 . 6  t h e  ^ - g l o b u l i n  moved 

a s  a w id e  b a n d .  The p o o r  m o b i l i t y  o f  t h e  p r o t e i n  a t  low pH 

may be d u e  t o  t h e  d é n a t u r a t i o n  o f  t h e  p r o t e i n  o r  t h e  s t r o n g  

a b s o r p t i o n  o f  t h e  p o s i t i v e l y  c h a r g e d  p r o t e i n  by t h e  s u p p o r t ­

i n g  m e d i a ,  p a p e r .  I n  p a p e r  e l e c t r o p h o r e s i s ,  T i s e l i u s  (56 )  

recommends  pH v a l u e s  a b o v e  t h e  i s o e l e c t r i c  p o i n t  of  p r o t e i n s  

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

s t r o n g l y  a b s o r b e d  on f i l t e r  p a p e r  t h a n  t h e  p o s i t i v e l y  c h a r g e d  

o n e s .

The ^ - g l o b u l i n  p r e p a r a t i o n  was n o t  s t a i n e d  w i t h  Sudan 

b l a c k  B, a l i p i d  s t a i n i n g  d y e ,  i n d i c a t i n g  t h a t  t h e  f r a c t i o n  • 

p r e p a r e d  was n o t  a / 3 - l i p o p r o t e i n .

The r e s u l t  o f  t h e  c e l l u l o s e  a c e t a t e  s t r i p  e l e c t r o ­
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p h o r e s i s  ( F i g u r e  6 and 7)  showed t h a t  t h e ^ - g l o b u l i n  p r e ­

p a r a t i o n  may c o n t a i n  a s m a l l  q u a n t i t y  o f  T - g l o b u l i n .

A c c o r d i n g  t o  A r o n s s o n  _et ( 4 5 )  w i t h  t h e  T r i s  

B o r a t e  EDTA b u f f e r  o f  pH 8 . 9 ,  no rm a l  human serum was 

s e p a r a t e d  i n t o  9 f r a c t i o n s ,  p r e a l b u m i n ,  a l b u m i n ,

, 3 ^ -  and one  I f - f r a c t i o n ,  In  t h i s  s t u d y  t h e  b e e f  serum 

was s e p a r a t e d  i n t o  5 f r a c t i o n s ,  albumm, 0 (2 “ » P 2 ”

and T - g l o b u l i n ,  I f  t h e  m o b i l i t i e s  o f  t h e  f r a c t i o n s  i n  t h e  

w h o le  b e e f  s e ru m  may b e  compared  w i t h  t h e  i s o l a t e d  f r a c ­

t i o n s ,  t h e n  t h e  ^ - g l o b u l i n  p r e p a r a t i o n  c o r r e s p o n d s  t o  

^ - g l o b u l i n .

The p u r i t y  of  t h e  / 3 - g l o b u l i n  e s t i m a t e d  f r o m  t h e  

d e n s i t o m e t e r  c u r v e  of  t h e  c e l l u l o s e  a c e t a t e  s t r i p  e l e c t r o ­

p h o r e s i s  i n  a T r i s  B o r a t e  EDTA b u f f e r  o f  pH 8 . 9  ( F i g u r e  8 )  

was 8 7 . 7  % / 3 - g l o b u l i n  and 1 2 . 3  % T - g l o b u l i n .  No f u r t h e r  

p u r i f i c a t i o n  o f  t h e  / 3 - g l o b u l i n  f r a c t i o n  was a t t e m p t e d  

b e c a u s e  t h e  q u a n t i t y  o f  s am p le  r e q u i r e d  f o r  s t r u c t u r a l  

s t u d y  o f  t h e  g l y c o p r o t e i n .

The ^ - g l o b u l i n  p r e p a r e d  was brown c o l o r e d  i n  

s o l u t i o n ,  s t a i n e d  s t r o n g l y  w i t h  b ro m o p h e n o l  b l u e  and  n o t  

w i t h  s u d a n - b l a c k  B. The ^ ^ - m e t a l  c o m b in in g  g l o b u l i n  i s  

d e s c r i b e d  by  H j e r t ^ n  ( 1 7 )  a s  r e d d i s h  brown c o l o r e d  i n  

s o l u t i o n ,  s t a i n i n g  s t r o n g l y  w i t h  b r o m o p h e n o l  b l u e ,  b u t  n o t  

s t a i n i n g  w i t h  s u d a n - b l a c k  B. H ence ,  i t  i s  l i k e l y  t h a t  t h e  

P - g l o b u l i n  p r e p a r a t i o n  was e n t i r e l y  o r  p a r t l y  , ^ - m e t a l  

c o m b in in g  g l o b u l i n .  A c c o r d i n g  t o  t h e  p r e v i o u s  s t u d i e s  of
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-Figure 5

-The E l e c t r o p h o r e t i c  S t u d y  of  t h e  ^ - G l o b u l i n

■pH 9 . 6

pH 8 . 6  

pH 7 . 5  

pH 6 . 9

pH 6 . 3  

pH 5 . 1  

pH 3 . 6  

pH 2 . 6

. The l i n e s  on t h e  s t r i p s  a r e  t h e  p o i n t s  o f  t h e  

a p p l i c a t i o n  o f  t h e  s a m p l e .  The r i g h t  h a n d  s i d e  o f  t h e  

f i g u r e  i s  p o s i t i v e  p o l e  and  t h e  l e f t  h a n d  s i d e  o f  t h e  

f i g u r e  i s  n e g a t i v e  p o l e  o f  t h e  e l e c t r i c a l  f i e l d .
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Figure 6
E l e c t r o p h o r e s i s  o f  t h e - G l o b u l i n  P r e p a r a t i o n  and o f  

B e e f  Serum on C e l l u l o s e  A c e t a t e  S t r i p  
i n  a B a r b i t a l  B u f f e r  o f  pH 8 . 6

The l i n e s  a t  t h e  c e n t e r  o f  t h e  p a p e r  s t r i p s  a r e  t h e  

p o i n t s  o f  t h e  a p p l i c a t i o n  of  t h e  s a m p l e .  The a lb u m in  

moves t o w a r d  t h e  p o s i t i v e  p o l e  of  t h e  e l e c t r i c a l  f i e l d ,  

t h e  ( S - g l o b u l i n  and iT -g lo b u l in  move to w a r d  t h e  n e g a t i v e  

p o l e  o f  t h e  e l e c t r i c a l  f i e l d  and t h e  o ^ - g l o b u l i n  h a s  no  

m o b i l i t y .
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Figure 7
E l e c t r o p h o r e s i s  o f  t h e  ( 3 - G l o b u l i n  P r e p a r a t i o n  

and t h e  B e e f  Serum on t h e  C e l l u l o s e  
A c e t a t e  S t r i p  i n  t h e  T r i s  B o r a t e  

EDTA B u f f e r  of  pH 8 . 9

3, o / ^ - G l o b u l i n  

5 ,  / 3 ^ - G l o b u l i n

1 ,  A lbumin  2 ,  0 ^ - G l o b u l i n

4 ,  ySj^-Globulin 

6 ,  T - G l o b u l i n

The e l e c t r o p h o r e t i c  p a t t e r n  was s h a r p l y  v i s i b l e  o n ly  

u n d e r  an u l t r a v i o l e t  l a m p ,  t h e r e f o r e  t h e  s t r i p  was p h o t o ­

g r a p h e d  a f t e r  b e i n g  m a rk e d  u n d e r  t h e  u l t r a v i o l e t  l i g h t .

The s a m p l e  was a p p l i e d  a t  t h e  c e n t e r  o f  t h e  s t r i p  and 

t h e  p r o t e i n  band  num ber  5 was a b o u t  t h e  c e n t e r  o f  t h e  s t r i p .

As t h e  f i g u r e  i n d i c a t e d  t h a t  o n l y  s m a l l  q u a n t i t y  of  

i f - g l o b u l i n  was d e t e c t e d  by t h e  p r o t e i n  d y e ,  a z o c a r m i n ,  i n  

t h e  | 3 - g l o b u l i n  p r e p a r a t i o n .



Figure 8
Densitometer Curve of the Cellulose Acetate Strip Electrophoresi' 

in o Tris EDTA Buffer of pH 8.9
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H o r e j s i  ( 1 3 )  and  B o e t t c h e r  ( 1 2 ) ,  t h e  ^ - m e t a l  b i n d i n g  g l o ­

b u l i n  i s  n o t  p r e c i p i t a b l e  by r i v a n o l  w hich  f u r t h e r  s u g g e s t s  

t h e  f r a c t i o n  p r e p a r e d  h e r e  i s  l i k e l y  t o  be ^ - m e t a l  com­

b i n i n g  g l o b u l i n .

C h e m ic a l  C o m p o s i t i o n  o f  t h e  ^ G l o b u l i n

In  t h e  q u a l i t a t i v e  a n a l y s i s  o f  t h e  h e x o s e s  by p a p e r  

c h r o m a t o g r a p h i c  t e c h n i q u e ,  t h e  h e x o s e s  d e t e c t e d  w e r e  g a l a c ­

t o s e ,  m a n n o se ,  f u c o s e  and  a r e d u c i n g  s u b s t a n c e  h a v i n g  t h e  

same v a l u e  as g l u c o s e .  The F i g u r e  9 shows t h e  p a p e r  e l e c ­

t r o p h o r e s i s  w i t h  b o r a t e  b u f f e r  on t h e  h y d r o l y s a t e  o f  t h e  

^ - g l o b u l i n .  The p a t t e r n  shows t h e  p r e s e n c e  o f  t h e  g l u c o s e  

i n  t h e  h y d r o l y s a t e .

The r e s u l t  o f  t h e  g l u c o s e  o x i d a s e  e x p e r i m e n t  ( F i g u r e  

1 0 ) ,  showed t h e  d i s a p p e a r a n c e  o f  t h e  r e d u c i n g  s u b s t a n c e  a f t e r  

t h e  i n c u b a t i o n  w i t h  g l u c o s e  o x i d a s e .  The e v i d e n c e s  s t a t e d  

ab o v e  s u g g e s t e d  t h e  r e d u c i n g  s u b s t a n c e  a s  g l u c o s e .  In  c o n ­

s i d e r i n g  t h e  h i g h  c o n c e n t r a t i o n  o f  t h e  f r e e  g l u c o s e  i n  

c o m p a r i s o n  w i t h  t h e  low c o n c e n t r a t i o n  o f  t h e  ^ - g l o b u l i n  

i n  t h e  se rum  ( 1 1 8  mg g l u c o s e  p e r  100 ml c a l f  s e r u m ,  85 mg 

g l u c o s e  p e r  100  ml c a l f  s e r u m ,  85 mg g l u c o s e  p e r  100 ml 

ox serum ( 5 7 ) ,  780 mg p - g l o b u l i n  p e r  100 ml human p l a s m a )  

i t  was f i r s t  s u s p e c t e d  t h a t  t h e  g l u c o s e  d e t e c t e d  was m e r e l y  • 

t h e  f r e e  g l u c o s e  f i r m l y  a b s o r b e d  by ^ - g l o b u l i n  a l t h o u g h  a 

l o n g  p e r i o d  of  d i a l y s i s  was i n v o l v e d  i n  t h e  p r e p a r a t i o n  

p r o c e d u r e .
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Figure 9
The  P a p e r  E l e c t r o p h o r e s i s  of  t h e  

| 3 - G l o b u l i n  H y d r o l y s a t e ,  w i t h  
B o r a t e  B u f f e r

1 .  The c e n t e r  s t r i p  i s  t h e  ( 3 . - g l o b u l i n  h y d r o l y s a t e ,

2 .  The s t r i p s  a t  t h e  b o t h  en d s  a r e  t h e  s t a n d a r d  s u g a r s ,

3 .  The s a m p le  i s  a p p l i e d  a t  t h e  c e n t e r  of t h e  s t r i p s .
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- ' Figure 10

R e s u l t  o f  t h e  G l u c o s e  O x i d a s e  R e a c t i o n  
on t h e  R e d u c i n g  S u b s t a n c e

1-. The r e d u c i n g  s u b s t a n c e  

r e a c t e d  w i t h  d e n a t u r e d  

g l u c o s e  o x i d a s e .

2 .  The r e d u c i n g  s u b s t a n c e  

r e a c t e d  w i t h  g l u c o s e  

o x i d a s e .
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I n  o r d e r  t o  c l a r i f y - t h e  q u e s t i o n  a b o u t  t h e  g l u c o s e ,  

t h e  q u a l i t a t i v e  a n a l y s i s  o f  t h e  h e x o s e  was c a r r i e d  o u t  on 

t h e  n o n - d i a l y z a b l e  f r a c t i o n  o b t a i n e d  f r o m  t h e  p e p s i n  d i g e s t s  

o f  t h e  ^ - g l o b u l i n .  Again  t h e  r e s u l t  showed t h e  p r e s e n c e  o f  

t h e  g l u c o s e .  I n  t h e  p e p s i n  d i g e s t i o n  t h e  ^ - g l o b u l i n  was 

i n c u b a t e d  a t  pH 1 , 8  f o r  3 d a y s  and f o r  t h e  r e m o v a l  o f  s m a l l  

p e p t i d e  and  f r e e  amino a c i d s  t h e  d i g e s t i o n  m i x t u r e  was 

d i a l y z e d  o v e r n i g h t ,  t h e r e f o r e  i t  i s  n o t  l i k e l y  t h a t  t h e  

g l u c o s e  i s  m e r e l y  a c o n t a m i n a n t  f r o m  t h e  f r e e  g l u c o s e  o f  

t h e  s e r u m .

The r e s u l t  o f  t h e  q u a n t i t a t i v e  a n a l y s i s  o f  t h e  

^ - g l o b u l i n  i s  shown i n . t h e  T a b l e  I I .  I n  t h e  s i a l i c  a c i d  d e ­

t e r m i n a t i o n ,  t h e  v a l u e  by W a r r e n ’ s  ( 5 0 )  t h i o b a r b i t u r i c  a c i d  

m ethod  i s  c o n s i d e r e d  t o  b e  more  a c c u r a t e  s i n c e  t h e  d i p h e n y l a -  

m ine  m e th o d  y i e l d s  h i g h  v a l u e s  when a p p l i e d  i n  d i r e c t  

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

I n  t h e  q u a n t i t a t i v e  m e a s u r e m e n t  o f  t h e  g a l a c t o s e  and m an n o se  

(by  p a p e r  c h r o m a t o g r a p h i c  t e c h n i q u e ) ,  when t h e  d e n s i t y  of  

t h e  h e x o s e  d e t e c t e d  w i t h  2 - a m i n o b i p h e n y l  was p l o t t e d  a g a i n s t  

t h e  c o n c e n t r a t i o n  o f  t h e  h e x o s e ,  a l i n e a r  r e l a t i o n s h i p  was 

o b t a i n e d  a t  h e x o s e  c o n c e n t r a t i o n  o f  5 / jg  t o  2 5 / j g .  Some 

t y p i c a l  e x a m p l e s  o f  c u r v e s  o b t a i n e d  w i t h  s t a n d a r d  s u g a r s  

a r e  shown i n  F i g u r e  11 and  1 2 .  The e x a c t ,  same c u r v e  was 

n o t  r e p r o d u c i b l e  e ach  t i m e  p r i m a r i l y  due  t o  t h e  d i f f i c u l t y  

i n  c o n t r o l l i n g  t h e  e x p e r i m e n t a l  c o n d i t i o n s ,  how ever  t h e  

l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  c o n c e n t r a t i o n  of s u g a r  and
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Table II

CHEMICAL COMPOSITION OF THE ^-GLOBULIN PREPARATION

C o n s t i t u e n t Method W eig h t

P r o t e i n L o w r y ' s 1 0 0 . 0

H exose T r y p t o p h a n 3 . 5 1

A n t h r o n e 3 . 9 1

H e x o sa m in e E l s o n -M o rg a n 2 . 1 7

F u c o s e C y s t e in e - H ^ S O ^ 0 . 1 9

S i a l i c  A c id D i p h e n y l a m i n e 1 . 6 7

T h i o b a r b i t u r i c 1 . 1 5

N i t r o g e n D i g e s t i o n  f o l l o w e d  
by  N e s s i e r i z a t i o n 1 5 . 4 3  ■

M a n n o s e / G a l a c t o s e 1 . 6 2

1 .  The v a l u e  i n  t h e  t a b l e  a b o v e  was c a l c u l a t e d  on t h e  

b a s i s  o f  100 g of  p o l y p e p t i d e ,  a s  d e t e r m i n e d  b y  t h e  L o w r y ' s  

method  u s i n g  L a b - T r o l  f rom  Dade R e a g e n t s  I n c .  a s  s t a n d a r d ,

2 .  Hexose  i s  r e p o r t e d  a s  f r e e  h e x o s e  n o t  p o l y ­

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

a l l  r e p o r t e d  a s  f r e e  s u g a r s .  E qua l  q u a n t i t y  o f  g a l a c t o s e  and 

m annose  was u s e d  a s  t h e  s t a n d a r d  i n  t h e  h e x o s e  d e t e r m i n a t i o n .

, 3 .  A s u b m a x i l l a r y  m u c in  p r e p a r a t i o n  ( S i a l i c  a c i d ,

1 9 . 1  % )f rom  N u t r i t i o n a l  B i o c h e m i c a l  C o r p o r a t i o n  was u s e d  

as  t h e  s t a n d a r d .
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Density of 2-Aminobiphenyl Hexose vs. Concentration of Hexose
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Figure 12
Density of 2-Arninobiphenyl Hexose vs. Concentration of Hexose

G alactose  
A—M annose
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d e n s i t y  o f  t h e  2 - a m i n o b i p h e n y l  s u g a r  was a lw ay s  o b t a i n a b l e  

p r o v i d e d  t h a t  t h e  2 - a m i n o b i p h e n y l  s p r a y i n g  was  d o n e  w i t h  

u t m o s t  c a r e .  The m o s t  i m p o r t a n t  f a c t o r s  to  b e  c o n s i d e r e d  i n  

t h i s  e x p e r i m e n t  a r e ,  a )  s e p a r a t i n g  t h e  s u g a r s  on t h e  p a p e r  

a s  f a r  a s  p o s s i b l e  b )  s p r a y i n g  t h e  2 - a m i n o b i p h e n y l  a s  

u n i f o r m l y  as  p o s s i b l e .  The f o r m e r  can  be  a c h i e v e d  by  m u l t i ­

p l e  d e v e l o p m e n t  of  t h e  c h r o m a t o g r a m .  From t h e  r e s u l t  s t a t e d  

above  i t  i s  r e a s o n a b l e  t o  d e t e r m i n e  t h e  g a l a c t o s e  and  

m annose  i f  a s e r i e s  o f  s t a n d a r d  s u g a r  s o l u t i o n s  a r e  c h r o ­

m a t o g r a p h e d  on t h e  same s h e e t  o f  p a p e r  a s  t h e  s a m p l e .  I n  

o r d e r  t o  t e s t  t h e  r e l i a b i l i t y  o f  t h e  m e thod ,  a known 

q u a n t i t y  o f  t h e  s u g a r  was added  t o  t h e  / 3 - g l o b u l i n  h y d r o l y ­

s a t e  and t h e  r e c o v e r y  o f  t h e  s u g a r  was examined ( T a b l e  I I I ) .

The d i f f e r e n c e  b e t w e e n  t h e  t o t a l  s u g a r  d e t e r m i n e d  

by  t h e  A n t h r o n e  m e th o d  and t h e  sum o f  t h e  g a l a c t o s e  and 

mannose  i s  d u e  p r i m a r i l y  t o  t h e  p r e s e n c e  of f u c o s e  and 

g l u c o s e  i n  t h e  p - g l o b u l i n  h y d r o l y s a t e  and a l s o  due  t o  t h e  

s t a n d a r d  s u g a r  s o l u t i o n  b e i n g  composed  e q u a l  amount  o f  

g a l a c t o s e  and m a n n o se .

I n  o r d e r  t o  co m p are  t h e  c o m p o s i t i o n  of t h e  - g l o b u ­

l i n  p r e p a r a t i o n  o b t a i n e d  i n  t h i s  e x p e r i m e n t  w i t h  t h e  

^ - g l o b u l i n s  p r e p a r e d  by p r e v i o u s  w o r k e r s ,  t h e  c o m p o s i t i o n s  

o f  t h e  ^ - g l o b u l i n s  a v a i l a b l e  so  f a r  a r e  d e s c r i b e d  b e l o w .

K o e c h l i n  ( 1 1 )  r e p o r t e d  t h e  c o m p o s i t i o n  o f  t h e  c r y ­

s t a l l i n e  ^ ^ - m e t a l  c o m b i n i n g  g l o b u l i n  i s o l a t e d  from human 

p l a s m a  as



Table III 
ANALYSIS OF GALACTOSE AND MANNOSE

S am p le Volume o f  
H y d r o l y s a t e

T o t a l  
S u g a r  by 
A n t h r o n e  

AJg

C h r o m â t ,  anc A n a l y t r o l
M annose

u g

G a l a c t o s e

u g

^ - G l o b u l i n  H y d r o l y s a t e 10 2 8 . 8 1 2 . 9 8 . 0

p - G l o b u l i n  H y d r o l y s a t e  
and

5 jug g a l a c t o s e ,  5 jug 
m a n n o se 10 3 8 . 8 1 8 . 5 1 3 . 3

S u g a r  R e c o v e r e d 5 . 6 5 . 3

CK
CD
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N i t r o g e n  = 0 , 1 4 7  g / g  p r o t e i n  

C a r b o h y d r a t e  = 0 . 0 , 8  g / g  p r o t e i n  

W h e th e r  t h e  p r o t e i n  r e p r e s e n t s  t h e  w h o le  ^ ^ - m e t a l  c o m b i n i n g  

g l y c o p r o t e i n  o r  t h e  p r o t e i n  d e t e r m i n e d  by t h e  p r o t e i n  r e a c t i o n  

was n o t  m e n t i o n e d  i n  h i s  r e p o r t ,

S c h u l t z e  ( 5 8 )  r e p o r t e d  a s l i g h t l y  d i f f e r e n t  f i g u r e  f o r  

t h e  0 ^ - m e t a l  c o m b i n i n g  p r o t e i n  o f  human b l o o d .

H e x o se  2 . 4  %

G a l a c t o s e  1 . 6  %

Mannose  0 . 8  %

N - a c e t y l  h e x o s a m i n e  2 . 0  %

F u c o s e  0 . 0 7  %

S i a l i c  a c i d  1 . 4  %

U r o n i c  a c i d  0 . 0 5  %

P r o t e i n  95 %

N i t r o g e n  1 5 .4  %

The e l e c t r o p h o r e t i c a l l y  s e p a r a t e d  g i - g l o b u l i n s  was 

r e p o r t e d  t o  h a v e  t h e  f o l l o w i n g  c o m p o s i t i o n s  (5 9 )

H e x o se  2 . 7  %

H e x o sa m in e  1 . 0  %

S i a l i c  a c i d  1 . 5  %

F u c o s e  0 . 2  %

The f i g u r e s  w e r e  r e p o r t e d  a s  grams o f  s u g a r  p e r  100 

g ram s  o f  p r o t e i n .

The c o m p o s i t i o n  o f  t h e  (3- l i p o p r o t e i n  was r e p o r t e d

as  ( 5 8 )
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Hexose 1 .1  %

N - A c e t y l  h e x o s a m i n e  0 , 4 %

S i a l i c  A c id  0 . 3  %

F u c o se  0 . 0 3  %

P r o t e i n  1 6 . 5  %

H e r e m a n s ’ ( 1 8 )  s t u d y  i n d i c a t e d  t h e  c o m p o s i t i o n  of  

as

Hexose  4 . 9 0  %

H exosam ine  3 . 7 4  %

N i t r o g e n  1 6 . 2 0  %

The f i g u r e s  w e re  c a l c u l a t e d  on t h e  b a s i s  o f  100 mg o f  p o l y ­

p e p t i d e  a s  d e t e r m i n e d  by  t h e  B i u r e t  m e t h o d .

As s t a t e d  a b o v e ,  t h e  d i f f e r e n t  w o r k e r s  r e p o r t e d  t h e i r  

f i g u r e s  i n  d i f f e r e n t  t e r m s .  F o r  t h e  c o n v e n i e n c e  o f  c o m p a r i s o n ,  

t h e  f i g u r e s  r e p o r t e d  by  t h e  v a r i o u s  i n v e s t i g a t o r s  a r e  c a l c u ­

l a t e d  i n t o  t h e  t e r m s  o f  gram o f  s u g a r  p e r  100 gram o f  p r o t e i n  

and  a l t h o u g h  i t  i s  o b v i o u s  t h a t  c o m p a r i s o n  of  t h e  b o v i n e  g l y ­

c o p r o t e i n  w i t h  human g l y c o p r o t e i n  may n o t  l e a d  t o  a v a l i d

c o n c l u s i o n ,  h o w e v e r  t h e  c o m p a r i s o n  i s  made due  t o  t h e  l a c k

o f  t h e  i n f o r m a t i o n  on b o v i n e  ^ - g l y c o p r o t e i n .

Data  on b o v i n e ^ - g l y c o p r o t e i n  i s  n o t  c u r r e n t l y  

a v a i l a b l e .  The c h e m i c a l  c o m p o s i t i o n  o f  / S - g l o b u l i n s  i s o l a t e d  

i n  t h i s  s t u d y  d i f f e r e d  f ro m  a l l  o f  t h e  / 3 - g l o b u l i n  c o m p o s i t i o n  

l i s t e d  i n  t h e  T a b l e  ( I V ) .  C o n s e q u e n t l y  p o s i t i v e  i d e n t i f i c a t i o n  

o f  t h e  f r a c t i o n  i n  t h e  b a s i s  o f  t h e  c h e m i c a l  c o m p o s i t i o n  i s  

n o t  p o s s i b l e  a t  p r e s e n t  t i m e .



T a b l e  IV

COMPOSITION OF THE (3-GLOBULINS PREPARED 

BY PREVIOUS INVESTIGATORS

Type o f  / 3 - G l o b u l i n A u t h o r H e x o se
G a l /

Man.
H e x o s a ­

m in e
S i a l i c

a c i d F u c o s e
N i t r o ­

gen

/3j^-Metal c o m b i n i n g  

g l o b u l i n

K o e c h l i n 1 . 8 - - - - 1 4 . 7

^ j^ -M e ta l  c o m b i n i n g  

g l o b u l i n

S c h u l t z 2 . 5 2 2 1 . 7 1 . 5 0 . 0 7 1 6 . 2

/ S ^ ^ - G l o b u l i n Herman 4 . 9 - 3 . 7 - - -

^ - G l o b u l i n Q u o te d  by 
W inz1 e r

2 . 7 - 1 . 9 1 . 5 0 . 1 -

/ 8 - L i p o p r o t e i n S c h u l t z 6 . 7 - 2 . 4 2 1 . 9 0 . 1 9 ■ -

/ 3 - G l o b u l i n  p r e p a r a t i o n Yang 3 . 5 1 0 . 6 1 2 . 1 7 1 . 1 5 0 . 1 9 1 5 . 4 3
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However  t h e  p h y s i c a l  a p p e a r a n c e  and p r o c e d u r e  u s e d  t o  

p r e p a r e  t h e  f r a c t i o n  i n d i c a t e  i t  t o  b e  a f r a c t i o n  o f  e n t i r e l y  

o r  l a r g e l y  p ^ - m e t a l  c o m b in in g  g l o b u l i n .

P r e p a r a t i o n  o f  G l y c o p e p t i d e s

The ^ - g l o b u l i n  was r e a d i l y  h y d r o l y z e d  by p e p s i n  a t  

pH 1 . 8 .  The p a p e r  s t r i p  e l e c t r o p h o r e t i c  t e c h n i q u e  a s  d e s c r i b ­

ed i n  t h e  c h a p t e r  I I I  was u s e d  t o  f o l l o w  t h e  e x t e n t  o f  d i ­

g e s t i o n  s i n c e  i t  was d e s i r a b l e  t o  o b t a i n  a r e p r o d u c e a b l e  

f r a c t i o n .  S i m i l a r  e l e c t r o p h o r e t i c  p a t t e r n s  of t h e  d i g e s t i o n  

m i x t u r e  was a lw a y s  o b t a i n e d  on d i f f e r e n t  b a t c h e s  o f  p e p s i n  

d i g e s t .  At t h e  end o f  t h e  d i g e s t i o n  t h e  d a r k  p r e c i p i t a t e  p r e ­

v i o u s l y  d e s c r i b e d  was a lw a y s  f o u n d .  T h i s  p r e c i p i t a t e  was 

d i s c a r d e d  b e c a u s e  o f  i t s  low s o l u b i l i t y .

The r e s u l t s  o f  t h e  a n a l y s e s  o f  t h e  p r o t e i n  and  h e x o s e  

i n d i c a t e d  t h a t  t h e  n o n d i a l y z a b l e  f r a c t i o n  had  t h e  r a t i o  o f  

p r o t e i n  t o  h e x o s e  o f  6 : 1  on a w e i g h t  b a s i s  i n  c o m p a r i s o n  w i t h  

t h e  o r i g i n a l  ^ - g l o b u l i n  i n  w h ic h  t h e  r a t i o  of p r o t e i n  t o  

h e x o s e  was 3 0 : 1 .  The e n r i c h m e n t  of t h e  c a r b o h y d r a t e  m o i e t y  

by e n z y m a t i c  h y d r o l y s i s  h a s  b e e n  p r e v i o u s l y  r e p o r t e d  by 

Richmond (58  a ) .  The r a t i o  o f  1 p a r t  h e x o s e  and 6 p a r t  p r o ­

t e i n  was a l w a y s  o b t a i n a b l e  f o r  t h e  d i f f e r e n t  b a t c h e s  o f  n o n ­

d i a l y z a b l e  f r a c t i o n  o b t a i n e d  f ro m  t h e  3 d a y s '  p e p s i n  d i g e s t  

o f  t h e  ^ - g l o b u l i n .  F u r t h e r  p e p s i n  d i g e s t i o n  d i d  n o t  r e s u l t  

i n  f u r t h e r  e n r i c h m e n t  o f  t h e  h e x o s e  c o n t e n t  s u g g e s t i n g  t h e  

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

n o n d i a l y z a b l e  f r a c t i o n  was n o t  c o a g u l a b l e  by  h e a t  b u t  was
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. e t h a n o l  p r e c i p i t a b l e .

By m eans  of  t h e  M isco  c o n t i n u o u s  e l e c t r o p h o r e s i s ,  t h e  

n o n d i a l y z a b l e  f r a c t i o n  was  s e p a r a t e d  i n t o  f i v e  n i n h y d r i n  

p o s i t i v e  f r a c t i o n s .  The  p a p e r  c u r t a i n  o f  t h e  c o n t i n u o u s  e l e c ­

t r o p h o r e s i s  i s  shown i n  F i g u r e  13 .

W e n f i e l d  and  T u n i s  ( 6 0 )  s t u d y i n g  t h e  c l e a v a g e  o f  

human d ^ - a c i d  g l y c o p r o t e i n  by  p e p s i n  o b s e r v e d  t h a t  p e p s i n  

r e a d i l y  c l e a v e d  t h e  ^ ^ - a c i d  g l y c o p r o t e i n  t o  a l i m i t e d  d e g r e e  

and  o b t a i n e d  a r e l a t i v e l y  c a r b o h y d r a t e  e n r i c h e d  f r a c t i o n  by  

a c e t o n e  p r e c i p i t a t i o n  i n  t h e  p r e s e n c e  o f  N a C l .  As t h e  c o n ­

c l u s i o n ,  h e  s u g g e s t e d  t h a t  t h e  p e p s i n  d i g e s t i o n  f o l l o w e d  by  

a c e t o n e  f r a c t i o n a t i o n  i n  t h e  p r e s e n c e  o f  NaCl c o u l d  be  a 

good t o o l  f o r  t h e  s t r u c t u r a l  s t u d y  o f  t h e  # ^ - a c i d  g l y c o p r o ­

t e i n ,

A s i m i l a r  s u g g e s t i o n  can be  made i n  t h i s  s t u d y  as  

t h e  r e s u l t s  s t a t e d  a b o v e  i n d i c a t e  t h a t  1) t h e  c l e a v a g e  of  

i S - g l o b u l i n  i s  a l i m i t e d  one 2 )  t h e  e x t e n t  o f  t h e  p e p s i n  d i ­

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

p r o d u c e a b l e  g l y c o p e p t i d e  f r a c t i o n s  3 )  t h e  s e p a r a t i o n  o f  t h e  

c a r b o h y d r a t e  e n r i c h e d  f r a c t i o n  i s  p o s s i b l e .  B e g i n n i n g  w i t h  

t h e  f u r t h e r  p u r i f i c a t i o n  of  t h e  o r i g i n a l  g l y c o p r o t e i n ,  t h e  

s t r u c t u r a l  s t u d y  of  t h e  c a r b o h y d r a t e  u n i t  o f  t h e  g l y c o p r o ­

t e i n  by  u s i n g  p e p s i n  a s  a t o o l  may b e  an i d e a l  p r o c e d u r e .

I n  o t h e r  w o r d s ,  by  s t u d y i n g  i n  d e t a i l ,  t h e  c a r b o h y d r a t e  d i s ­

t r i b u t i o n  o f  t h e  v a r i o u s  f r a c t i o n s  o b t a i n e d  f r o m  t h e  p e p s i n  

d i g e s t s  o f  t h e  g l y c o p r o t e i n ,  w h e t h e r  t h e  c a r b o h y d r a t e  u n i t
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Figure 13
-The C o n t i n u o u s  E l e c t r o p h o r e t i c  P a t t e r n  

o f  t h e  N o n d i a l y z p i b l e  F r a c t i o n  f r o m  
t h e  P e p s i n  D i g e s t s  o f  t h e  

- G l o b u l i n

-1 .  The s p o t  on t h e . t o p  i s  t h e  p o i n t  of  t h e  a p p l i ­

c a t i o n  o f  t h e  sam ple*

2 .  The r i g h t  h a n d  s i d e  i s  t h e  c a t h o d  and t h e  l e f t  

h and  s i d e  i s  t h e  anode*

The f r a c t i o n s  a r e  c o l l e c t e d  a t  t h e  b o t t o n  o f  t h e  

p a p e r  c u r t a i n .
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d i s t r i b u t e s  i t s e l f  among t h e  p r o t e i n  as. one s i n g l e  u n i t  o r  

s e v e r a l  d i f f e r e n t  u n i t s  c a n  b e  p r o v e d  p r o v i d e d  t h a t  t h e  o r i ­

g i n a l  g l y c o p r o t e i n  i s  f u l l y  p u r i f i e d  and c h a r a c t e r i z e d .  T h i s  

c h a r a c t e r i z a t i o n  i n c l u d e s  t h e  d e t e r m i n a t i o n  o f  t h e  number  o f  

t e r m i n a l  amino a c i d s .

The two f r a c t i o n s  h a v i n g  t h e  l o w e s t  m o b i l i t y  w e re  

u s e d  f o r  f u r t h e r  s t u d y .  No f u r t h e r  p u r i f i c a t i o n  o f  t h e  f r a c ­

t i o n s  was  a t t e m p t e d  b e c a u s e  t h e  c o n t i n u o u s  e l e c t r o p h o r e s i s  

p r o v i d e s  o n ly  v e r y  s m a l l  q u a n t i t i e s  o f  t h e  g l y c o p e p t i d e s .

An a t t e m p t  was  made t o  s t u d y  t h e  p u r i t y  o f  t h e  g l y c o ­

p e p t i d e  by  p a p e r  s t r i p  e l e c t r o p h o r e s i s .  The e l e c t r o p h o r e t i c  

p a t t e r n  o f  t h e  g l y c o p e p t i d e  I I  ( F i g u r e  14) showed t h e  s i n g l e  

n i n h y d r i n  p o s i t i v e  s p o t  a t  d i f f e r e n t  pH v a l u e s  i n d i c a t i n g  

t h a t  t h i s  f r a c t i o n  may b e  a s i n g l e  s u b s t a n c e .

W h e th e r  t h e  low m o b i l i t y  o f  t h e  two g l y c o p e p t i d e s  a s  

i n d i c a t e d  i n  F i g u r e  14 and  15 i s  due  t o  t h e  lo w  n e t  c h a r g e  on 

t h e  g l y c o p e p t i d e  o r  t h e  s t r o n g  a b s o r p t i o n  b e tw ee n  t h e  p a p e r  

and  t h e  g l y c o p e p t i d e s  i s  unknown.

The q u a l i t a t i v e  s t u d y  o f  t h e  c a r b o h y d r a t e  was c a r r i e d  

o u t  on t h e  g l y c o p e p t i d e  w h ic h  had  b e e n  f r e e d  of  b a r b i t a l  

b u f f e r  b y  d i a l y s i s  and  t r a c e  q u a n t i t y  o f  w h i t e  f l o a t i n g  

m a t e r i a l  by c e n t r i f u g a t i o n .  The r e s u l t  o f  t h e  p a p e r  c h ro m a ­

t o g r a m  ( F i g u r e  16 and  17)  i n d i c a t e d  t h e  p r e s e n c e  o f  h e x o ­

s a m i n e ,  g a l a c t o s e ,  m a n n o s e ,  f u c o s e  and  g l u c o s e  i n  t h e  g l y -  

cop  e p t i d e s .
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F i g u r e  14 and 15 

E l e c t r o p h o r e t i c  S t u d y  o f  G l y c o p e p t i d e  I  and  I I

n

No. 1 2 3 4  5 6
pH 8 . 6  7 . 5  6 . 9  6 . 3  5 . 1  3 . 6



77

T a b le  V

THE CHEMICAL COMPOSITION OF THE GLYCOPEPTIDES

C o n s t i t u e n t
G l y c o p e p t i d e s

I I I

P r o t e i n 5 6 . 8 5 1 . 1

H e x o se 2 9 . 3 3 1 . 0

H e x o sa m in e 1 2 . 6 1 6 .4

F u c o s e 1 . 4 1 . 4

S i a l i c  A c id 0 0

G l u c o s e p r e s e n t p r e s e n t

M a n n o s e / G a l a c t o s e 1 . 6 8 1 . 7 0

S i a l i c  a c i d  was n o t  d e t e c t e d  i n  t h e s e  two p a r t i c u l a r  

g l y c o p e p t i d e s .

T a b l e  VI 

CARBOHYDRATE RELATIONSHIPS

/3 - G l o b u l i n
G ly c o p e p t i d e s

I I I

G a l a c t o s e / M a n n o se 1 . 6 7 1 . 6 8 1 . 7 0

H e x o s e / H e x o s a m i n e 1 . 6 2 2 . 3 3 1 . 8 9

H e x o s e / F u c o s e 1 8 . 8 2 0 , 7 2 1 . 6

H e x o s e / S i a l i c  A c id 3 . 0 5 — — — — — — — —

The q u a l i t a t i v e  a n a l y s i s  o f  t h e  h e x o s e  a g a i n  i n d i c a t e d  

t h e  p r e s e n c e  o f  g l u c o s e ,  h o w e v e r ,  w h e t h e r  t h e  g l u c o s e  was t h e
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Figure 16 and 17

Carbohydrate Composition of Glycopeptides I and II

Ï

S t a n d a r d

S a m p le

-II

S a m p le

S t a n d a r d
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c o n s t i t u e n t  o f  t h e s e  tw o  g l y c o p e p t i d e s  i s o l a t e d  by  t h e  c o n ­

t i n u o u s  e l e c t r o p h o r e s i s  o r  t h e  c o n s t i t u e n t  o f  t h e  p a p e r  c u r ­

t a i n  u s e d  a s  t h e  s u p p o r t i n g  medium i n  t h e  e l e c t r o p h o r e s i s  i s  

unknown a t  t h i s  t i m e .  The T a b l e  V shows t h a t  e n r i c h m e n t  o f  t h e  

c a r b o h y d r a t e  u n i t  was a c h i e v e d  by  t h e  p e p s i n  d i g e s t i o n  f o l l o w ­

ed by  d i a l y s i s  and f r a c t i o n a t i o n .  The c a r b o h y d r a t e  u n i t  o f  t h e  

j S - g l o b u l i n  and t h a t  o f  t h e  g l y c o p e p t i d e s  a r e  v e r y  s i m i l a r  e x ­

c e p t  t h e  h e x o s e / h e x o s a m i n e  r a t i o  i n  t h e  g l y c o p e p t i d e  I  and t h e  

a b s e n c e  of  t h e  s i a l i c  a c i d  i n  t h e  g l y c o p e p t i d e s .

The amino a c i d s  c o m p o s i t i o n  o f  t h e  g l y c o p e p t i d e s  a r e  

shown i n  t h e  F i g u r e  18 and 1 9 ,  T h e s e  tw o f i g u r e s  i n d i c a t e d  

t h a t  a l l  o f  t h e  amino a c i d s  w h ich  h a v e  b e e n  d e t e c t e d  i n  t h e  

human ^ - g l o b u l i n  w e r e  d e t e c t e d  i n  t h e  g l y c o p e p t i d e s .  T h i s  

f u r t h e r  i n d i c a t e s  t h a t  t h e  a t t a c k  o f  t h e  / 3 - g l o b u l i n  by p e p s i n  

i s  a l i m i t e d  o n e .

I n  o r d e r  t o  s t u d y  t h e  n a t u r e  o f  c a r b o h y d r a t e ,  t h e  

p a r t i a l  a c i d  h y d r o l y s i s  o f  t h e  g l y c o p e p t i d e  I I  was c a r r i e d  o u t .  

The r e s u l t  was su m m ar ized  i n  t h e  T a b l e  V I I ,  The r e s u l t  l i s t e d  

i n  t h e  T a b l e  V I I  seemed t o  i n d i c a t e  t h e  g a l a c t o s e  a s  t h e  

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

Q u a n t i t a t i v e  a n a l y s i s  o f  t h e  v a r i o u s  h e x o s e s  r e l e a s e d  u n d e r  

d i f f e r e n t  c o n d i t i o n s  may e v e n t u a l l y  s u p p l y  t h e  i n f o r m a t i o n  

a b o u t  t h e  s e q u e n c e  o f  t h e  c a r b o h y d r a t e  u n i t .  By t h e  Somogyi 

r e a g e n t  no  r e d u c i n g  o l i g o s a c c h a r i d e s  w e r e  d e t e c t e d .

F o r  t h e  s t u d y  o f  t h e  n a t u r e  o f  t h e  c a r b o h y d r a t e  p r o ­

t e i n  l i n k a g e ,  f u r t h e r  r e m o v a l  o f  t h e  p o l y p e p t i d e  u n i t  f rom
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Figure 18

Amino Acids Composition of Glycopeptide I

- E l e c t r o p h o r e s i s
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S t a n d a r d s :

. A. C y s t i n e ,  C y s t e i n e ,  B. H i s t i d i n e ,  L y s i n e ,  B. G l u c o s a m i n e ,

C. A s p a r t i c  a c i d .  S e r i n e ,  G l y c i n e ,  D. G l u t a m i c  a c i d .  T h r e o n i n e ,  

E.  A l a n i n e ,  P .  T y r o s i n e ,  G. V a l i n e ,  H. I s o l e u c i n e ,  I .  L e u c i n e ,

Amino A c i d s  i n  t h e  F i g u r e :

1 .  G l u c o s a m i n e ,  2 .  A s p a r t i c  a c i d ,  3 .  S e r i n e ,  4 .  G l u t a m i c  a c i d ,  

5 ,  A l a n i n e ,  6 .  V a l i n e ,  8 .  G l y c i n e ,  9 .  T h r e o n i n e ,  1 1 .  I s o l e u c i n e ,  

1 2 ,  L e u c i n e ,  1 3 ,  H i s t i d i n e ,  1 5 ,  L y s i n e ,  1 4 ,  U n i d e n t i f i e d ,

1 6 ,  U n i d e n t i f i e d ,
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Figure 19

Amino Acids Composition of Glycopeptide II

E l e c t r o p h o r e s i s
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S t a n d a r d s  ;

• A. C y s t i n e ,  C y s t e i n e ,  B. H i s t i d i n e ,  L y s i n e ,  B. G l u c o s a m i n e ,

C. A s p a r t i c  a c i d ,  S e r i n e ,  G l y c i n e ,  D. G l u t a m i c  a c i d ,  T h r e o n i n e ,

E.  A l a n i n e ,  P .  T y r o s i n e ,  G. V a l i n e ,  H. I s o l e u c i n e ,  I ,  L e u c in e »

Amino A c i d s  i n  t h e  F i g u r e :

1 .  G l u c o s a m i n e ,  2 .  A s p a r t i c  a c i d ,  3 .  S e r i n e ,  4 ,  G l u t a m i c  a c i d ,  

5 .  A l a n i n e ,  6 ,  V a l i n e ,  8 .  G l y c i n e ,  9 .  T h r e o n i n e ,  1 1 ,  I s o l e u c i n e ,  

1 2 ,  L e u c i n e ,  1 3 ,  H i s t i d i n e ,  1 5 ,  L y s i n e ,  1 4 ,  U n i d e n t i f i e d ,  1 6 ,  

U n i d e n t i f i e d ,
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Table VII

PARTIAL ACID HYDROLYSIS OF THE GLYCOPEPTIDE I I

HCl
(N)

Time
( H r . )

S u g a r  R e l e a s e d
G a l a c t o s e Mannose . F u c o s e G l u c o s a -

m in e
G l u c o s e

0 . 0 0 1 2 +

0 . 0 0 2 5 II +

0 . 0 0 5 II +¥ 4*
0 . 0 1 II +++ 44-
0 . 1 0 II +4+ 44- 44 4
2 . 0 II +4-H- 444- 44- 444 4
0 . 0 0 1

0 . 0 0 2 5 II

0 . 0 0 5 II

0 . 0 1 II +

0 . 1 0 II ++ 4 4
2 . 0 II 44+ 44 44 44 4

t h e  g l y c o p e p t i d e s  was  d e s i r a b l e .  The b a c t e r i a l  p r o t e o l y t i c  

enzyme,  p r o n a s e ,  and  B a( 0 H ) 2  w e re  u s e d  a s  t h e  h y d r o l y z i n g  a g e n t s  

The d e g r e e  o f  e n r i c h m e n t  o f  t h e  c a r b o h y d r a t e  u n i t  was  e x p r e s s e d ,  

i n  t h e  T a b l e  V I I I .

From t h e  T a b l e  V I I I  t h e  m o s t  c a r b o h y d r a t e  e n r i c h e d  

f r a c t i o n  was t h e  f r a c t i o n  number  5 h a v i n g  t h e  h e x o s e / p r o t e i n  

r a t i o n  o f  1 / 0 . 5 9 .  The  F i g u r e  20 shows t h e  r e s u l t  o f  t h e  h i g h  

v o l t a g e  e l e c t r o p h o r e s i s - c h r o m a t o g r a p h y  o f  t h e  f r a c t i o n  num ber
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■Table VIII
SUMMARY OF THE DEGRADATION OF THE 

^-GLOBULIN

NOa T r e a t m e n t
H e x o s e / p r o t e i n  
( w e i g h t  b a s i s )

1 N o n d i a l y z a b l e  f r a c t i o n  f ro m  p e p s i n  
d i g e s t

1 / 6

2 G l y c o p e p t i d e  f r a c t i o n a t e d  by  I
c o n t i n u o u s  e l e c t r o p h o r e s i s  f r o m  1 I I 1 / 1 . 6

3 A l c o h o l  p r e c i p i t a b l e  f r a c t i o n  f rom  
P e p s i n  an d  p r o n a s e  d i g e s t 1 / 4

4 N o n d i a l y z a b l e  f r a c t i o n  o f  3 1 / 1 , 2 5

5 D i a l y z a b l e  f r a c t i o n  o f  3 f r e e d  of
s h o r t  p e p t i d e s  and amino a c i d s  by  Dowex 50  1 / 0 , 5 9

6 P e p s i n ,  p r o n a s e ,  and  B a (0 H )2  
h y d r o l y z e d ,  p r e c i p i t a t e d  w i t h  90  % 
e t h a n o l 1 / 0 , 7 7

5 .  Two p o o r l y  s e p a r a t e d  f r a c t i o n s  w h ic h  g a v e  o n ly  v e r y  f a i n t  

p u r p l e  c o l o r  w i t h  n i n h y d r i n  w e re  d e t e c t e d  n e a r  t h e  p o i n t  

w h e re  t h e  s a m p l e  was a p p l i e d .

The q u a l i t a t i v e  a n a l y s i s  o f  t h e  am ino  a c i d s  ( F i g u r e  

2 0 )  o f  a h y d r o l y s a t e  i n d i c a t e d  t h a t  t h e  f r a c t i o n  number  5 c o n ­

t a i n e d  g l u c o s a m i n e ,  a s p a r t i c  a c i d ,  s e r i n e ,  g l u t a m i c  a c i d ,  

a l a n i n e ,  t h r e o n i n e  and  g l y c i n e  a s  m a j o r  n i n h y d r i n  p o s i t i v e  

s p o t s  and  v a l i n e ,  l e u c i n e ,  i s o l e u c i n e ,  t y r o s i n e  and one un­

i d e n t i f i e d  s p o t  a s  t h e  m i n o r  n i n h y d r i n  p o s i t i v e  s p o t s .  The 

amino a c i d s  d e t e c t e d  i n  t h e  f r a c t i o n  n um ber  5 which had  been  

d i g e s t e d  w i t h  c a r b o x y p e p t i d a s e  and l e u c i n e  a m i n o p e p t i d a s e  

( F i g u r e  21)  w e r e  a s p a r t i c  a c i d ,  s e r i n e ,  g l u t a m i c  a c i d  and
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s m a l l  q u a n t i t i e s  o f  g l y c i n e ,  t h r e o n i n e  and a l a n i n e .  The f r a c ­

t i o n  d i g e s t e d  w i t h  c a r b o x y p e p t i d a s e  and l e u c i n e  a m i n o p e p t i d a s e  

and  t r e a t e d  w i t h  Dowex 50 column c o n t a i n e d  no  d e t e c t a b l e  

amount o f  f r e e  amino a c i d s .

From t h e  r e s u l t  i n d i c a t e d  i n  F i g u r e  21 and 2 2 ,  i t  

may b e  s u g g e s t e d  t h a t  a s p a r t i c  a c i d ,  g l u t a m i c  a c i d  o r  s e r i n e  

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

The p r e v i o u s  w o r k e r s  h av e  s u g g e s t e d  t h a t  t h e  c a r b o h y ­

d r a t e  u n i t  i s  l i n k e d  t o  t h e  p o l y p e p t i d e  u n i t  t h r o u g h  t h e  

a s p a r t i c  a c i d  i n  human f - g l o b u l i n  ( 3 7 ,  3 8 ) ,  r a b b i t  f - g l o b u l i n  

and b o v i n e  j f - g l o b u l i n  ( 3 9 ,  4 0 ) ,  S p i r o  (6 2 )  p r e p a r e d  two s e r i e s  

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

s u b t i t i s  p r o t e a s e ,  d i g e s t s  o f  f e u t i n  by  DEAE c e l l u l o s e  column 

c h r o m a t o g r a p h y  and o b s e r v e d  t h a t  t h e  amino a c i d s  o c c u r r i n g  

m o s t  f r e q u e n t l y  i n  t h e  v i c i n i t y  o f  t h e  t h r e e  c a r b o h y d r a t e -  

p e p t i d e  l i n k a g e  w e r e  a s p a r t i c ,  a l a n i n e ,  s e r i n e  and p r o l i n e ,  

T s u g i t a  ^  ( 6 3 )  r e p o r t e d  t h a t  t h e  s e r i n e  was t h e  p o i n t  of

a t t a c h m e n t  o f  t h e  c a r b o h y d r a t e  u n i t  t o  t h e  p o l y p e p t i d e  m o i e t y  

i n  t h e  Taka a m y l a s e .

The f r a c t i o n  o b t a i n e d  by e t h a n o l  p r e c i p i t a t e  f rom  t h e  

B a(0H )2  h y d r o l y s a t e ,  t h e  f r a c t i o n  number  6 i n  T a b l e  V I I I ,  was 

f r e e d  o f  f r e e  amino a c i d s  and s m a l l  p e p t i d e  and  s t u d i e d  f o r  

amino a c i d s  c o m p o s i t i o n  ( F i g u r e  2 3 ) ,  The r e s u l t  showed t h a t  

t h e  c o m p l e t e  r e m o v a l  o f  p o l y p e p t i d e  u n i t  by t h e  B a ( 0 H ) 2  h y d r o ­

l y s i s  u n d e r  t h e  c o n d i t i o n  u s e d  was n o t  a c h i e v e d .  T h i s  i n d i c a t ­

e s  t h a t  t h e  p r o t e i n - c a r b o h y d r a t e  bond  i s  a l k a l i  s t a b l e .
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Figure 20

H igh  V o l t a g e  E l e c t r o p h o r e s i s - c h r o m a t o g r a p h y  
o f  t h e  F r a c t i o n  Number 5

E l e c t r o p h o r e s i s

r:a
(0
Acn0 
-A

1
A
O

-Two p o o r l y  s e p a r a t e d  and d i f f u s e d  s p o t s  w e re  d e t e c t e d  

by n i n h y d r i n .  No f r e e  amino a c i d s  w e r e  d e t e c t e d .
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Figure 21

Amino A c id  C o m p o s i t i o n  o f  Ac id  H y d r o l y s a t e  o f  
F r a c t i o n  Number 5 I n c u b a t e d  w i t h  D e n a t u r e d  

C a r b o x y p e p t i d a s e  and L e u c i n e  
A m i n o p e p t i d a s e

E l e c t r o p h o r e s i s

X
aro

.A
CDorH
0 
-P

1
A
U .

1 .  A s p a r t i c  A c id  

3 .  G l y c i n e

5 .  T h r e o n i n e  

7 ,  V a l i n e  

9 .  U n i d e n t i f i e d

1 1 .  I s o l e u c i n e  

1 3 ,  L e u c i n e

2 ,  S e r i n e  

4 ,  G l u t a m i c  a c i d

6 .  A l a n i n e  

8 ,  G l u c o s a m i n e  

1 0 ,  T y r o s i n e  

1 2 ,  L e u c i n e
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Figure 22

The Amino A c id  C o m p o s i t i o n  o f  A c id  H y d r o l y s a t e  o f  
F r a c t i o n  Number 5 D i g e s t e d  w i t h  

C a r b o x y p e p t i d a s e  and L e u c i n e  
A m i n o p e p t i d a s e

E l e c t r o p h o r e s i s

£am
hoio
-p03eo
A
O

i .  A s p a r t i c  Ac id

3 .  G l y c i n e  

5 ,  T h r e o n i n e  

8 ,  G lu c o s a m in e

2 .  S e r i n e  

4 ,  G l u t a m i c  a c id  

6 ,  A l a n i n e
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Figure 23

-Amino A c id  C o m p o s i t i o n  o f  Acid  H y d r o l y s a t e  
o f  F r a c t i o n  No, 6

F l e c t r o p h o r e s i s

JCa(D
kcno
4->roEo
k
x;
Ü)

Amino A c i d s  i n  t h e  F i g u r e :

1 .  G l u c o s a m i n e  

3 ,  S e r i n e  

5 ,  A l a n i n e  

7 ,  C y s t e i n e

The unm arked  s p o t s  a r e  n o t  i d e n t i f i e d .

2 ,  A s p a r t i c  a c i d  

4 ,  G l u t a m i c  a c i d  

’6 , Valine



CHAPTER VI 

SUMMARY

1 .  A p - g l o b u l i n  f r a c t i o n ,  n e a r l y  h o m ogeneous  by e l e c t r o ­

p h o r e t i c  a n a l y s e s ,  was p r e p a r e d  by t h e  c o m b i n a t i o n  of

and r i v a n o l  f r a c t i o n a t i o n .

2 .  The c e l l u l o s e  a c e t a t e  s t r i p  e l e c t r o p h o r e t i c  s t u d i e s  

i n d i c a t e d  t h a t  t h e  f i n a l  p r e p a r a t i o n  c o n t a i n s  87 % 

p - g l o b u l i n  and  13 % y - g l o b u l i n ,

3 .  A c c o r d i n g  t o  t h e  c h e m i c a l  a n a l y s i s ,  t h e  ^ - g l o b u l i n  p r e ­

p a r a t i o n  c o n t a i n e d  3 . 5 1  % h e x o s e s ,  2 , 1 7  % h e x o s a m i n e ,  

1 . 1 5  % s i a l i c  a c i d  and 0 . 1 9  % f u c o s e .  The above  f i g u r e s  

w e re  c a l c u l a t e d  on t h e  b a s i s  o f  t h e  p r o t e i n  c o n t e n t  a s  

d e t e r m i n e d  by L o w r y ’ s m e thod  u s i n g  a se rum  p r o t e i n  p r e ­

p a r a t i o n  as  a s t a n d a r d .

4 .  The q u a l i t a t i v e  and q u a n t i t a t i v e  a n a l y s i s  o f  t h e  p r e ­

p a r a t i o n  showed t h a t  t h e  co m p o n en t  m o n o s a c c h a r i d e s  w e re  

g l u c o s a m i n e ,  g a l a c t o s e ,  m a n n o s e ,  f u c o s e ,  s i a l i c  a c i d  and 

g l u c o s e .

5 .  The d e g r a d a t i o n  s t u d y  o f  t h e  f r a c t i o n  w i t h  p r o t e o l y t i c  

enzyme,  p e p s i n ,  i n d i c a t e d  t h a t  t h e  ^ - g l o b u l i n  f r a c t i o n  

was r e a d i l y  h y d r o l y z e d  w i t h  p e p s i n  t o  l i m i t  g l y c o p e p t i ­

d e s .  R e l a t i v e l y  c a r b o h y d r a t e  r i c h  g l y c o p e p t i d e s  w e r e

69
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s e p a r a t e d  f r o m  t h e  n o n d i a l y z a b l e  f r a c t i o n  by M isc o  c o n ­

t i n u o u s  e l e c t r o p h o r e s i s .

6 .  Upon p a r t i a l  a c i d  h y d r o l y s i s  of  t h e  one  g l y c o p e p t i d e ,  

g a l a c t o s e  was r e l e a s e d  u n d e r  t h e  m i l d e s t  c o n d i t i o n s  and 

t h e  g l u c o s a m i n e  was r e l e a s e d  w i t h  t h e  m o s t  v i g o r o u s  c o n ­

d i t i o n s  i n d i c a t i n g  t h a t  t h e  g a l a c t o s e  may o c c u p y  t h e  

t e r m i n a l  p o s i t i o n  o f  t h e  g l y c o p e p t i d e  and t h a t  g l u c o s a ­

m in e  may b e  t h e  c a r b o h y d r a t e  l i n k e d  t o  t h e  p r o t e i n .

7 .  F u r t h e r  e n r i c h m e n t  o f  t h e  c a r b o h y d r a t e  u n i t  was a c h i e v e d  

by  d i g e s t i o n  w i t h  t h e  b a c t e r i a  p r o t e o l y t i c  enzym e ,  p r o ­

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

f o u n d  t o  b e  v e r y  r i c h  i n  c a r b o h y d r a t e .  T h i s  h i g h l y  c a r b o ­

h y d r a t e  e n r i c h e d  f r a c t i o n  was d i g e s t e d  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  and c a r b o x y p e p t i d a s e  and t h e  r e s i d u e  was 

a n a l y z e d  f o r  amino a c i d s  c o n t e n t  by  p a p e r  e l e c t r o p h o r e t i c -  

c h r o m a t o g r a p h i c  t e c h n i q u e .  The m a j o r  am ino  a c i d s  r e m a i n ­

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

s e r i n e ,  and  g l u t a m i c  a c i d  s u g g e s t i n g  t h a t  one o f  t h e s e  

am ino  a c i d  i s  i n v o l v e d  i n  t h e  p r o t e i n  c a r b o h y d r a t e  l i n k a g e .
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