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The Synthesis of Cross-Linked Dextran and its Enzymatic Hydrolysis 

D e x t r a n  w i t h  a n  a p p r o x i m a t e  a v e r a g e  molecu la r  we igh t  
of 250,000 ( D e x t r a n  250) was  c ross - l inked  u n d e r  a lka l ine  
c o n d i t i o n s  w i t h  1 ,4 -bu tand io I -g lyc ide the r .  T h i s  gave  a n  
inso lub le  s u b s t a n c e  w h i c h  becom es  swol len  on  a d d i t i o n  of 
wa te r .  A colour  m a r k e r  was  t h e n  c o v a l e n t l y  a t t a c h e d .  
Th i s  s u b s t a n c e  could  be  h y d r o l y z e d  b y  t h e  e n z y m e  dex-  
t r a n a s e  i so la t ed  f r o m  va r i ous  sources.  H y d r o l y s i s  y ie lded  
wa te r - so lub le  b lue  d e x t r a n  sp l i t  p r o d u c t s  w h i c h  were 
eas i ly  s e p a r a t e d  f r o m  t h e  u n h y d r o l y z e d  a n d  wa te r - in -  
so luble  b lue  d e x t r a n .  T h e  a m o u n t  of e n z y m a t i c a l l y  re- 
leased wa te r - so lub le  b lue  d e x t r a n  o l igosacchar ides  was, 
due  to  t h e  a t t a c h e d  b lue  m ar ke r ,  eas i ly  d e t e r m i n e d  b y  
m e a s u r e m e n t  in  a s p e c t r o p h o t o m e t e r .  T h e  re lease  of b lue  
d e x t r a n  sp l i t  p r o d u c t s  was  found  to  be  r e l a t ed  to  t h e  act i -  
v i t y  of t he  d e x t r a n a s e  used.  

The  p r e p a r a t i o n  of c ross- l inked  a n d  coloured  d e x t r a n  
was s imi la r  to  t h a t  of b lue  s t a r c h  p o l y m e r L  20 g of Dex-  
t r a n  250 ( P h a r m a c i a  F i n e  Chemicals)  was  so lubi l ized  in 
100 ml  of d is t i l led  w a t e r  a t  95°C. Af t e r  cool ing to  25°C, 
5 ml  of 1 0 M  N a O H  was  a d d e d  w i t h  c o n s t a n t  s t i r r ing.  
D u r i n g  a 5-h-per iod,  3 m l  of 1, 4 - b u t a n - d i o l g l y c i d e t h e r  was  
a d d e d  dropwise .  The  gel was  t h e n  suspended  in  d i s t i l l ed  
wate r ,  n e u t r a l i z e d  w i t h  c o n c e n t r a t e d  ace t ic  acid a n d  lyo- 
phi l ized.  T h e  ba l l -mi l l ed  m a t e r i a l  was  s u s p e n d e d  in 325 ml  
of d is t i l led  wate r ,  7.5 g of NaC1 a n d  10 g of C ibac ron  b l au  
F3  G-A  was  added .  T h e  suspens ion  was  m i x e d  a t  25 °C for  
2 h a n d  t h e n  5 m l  of 1 0 A / N a O H  was  a d d e d  a n d  m i x e d  for  
a f u r t h e r  2 h. T h e  co loured  gel  was  lef t  a t  4°C for  a b o u t  
24 h a n d  was  t h e n  neu t r a l i z ed  w i t h  ace t ic  acid,  Af t e r  care-  
ful  w a s h i n g  w i t h  d i s t i l l ed  wate r ,  t h e  p o l y m e r  was  dr ied ,  
ba l l -mi l led  a n d  s ieved.  To t h e  p r e - i n c u b a t e d  t e s t t u b e s  
c o n t a i n i n g  d e x t r a n a s e ,  1 m l  a l i quo t s  of b lue  d e x t r a n  poly-  
m e r  s u s p e n d e d  in 0 . 1 M  p o t a s s i u m  p h o s p h a t e  buffer ,  p H  
6.0 ( con ta in ing  0 .02% s o d i u m  azide) were  added .  Af t e r  a 
g iven  t i m e  of i n c u b a t i o n  a t  45 °C, t h e  r e a c t i o n  was  ter -  
m i n a t e d  b y  t h e  a d d i t i o n  of 0.5 ml  of 0 . 5 M  sod ium h y d r o -  
xide.  The  co loured  s u p e r n a t a n t  was  s e p a r a t e d  f rom the  
u n h y d r o l y z e d  p o l y m e r  b y  cen t r l fuga t ion .  T he  e x t i n c t i o n  
of t h e  s u p e r n a t a n t  was  d e t e r m i n e d  in a Zeiss PMQ I I  
s p e c t r o p h o t o m e t e r  a t  620 nm.  

F igure  1 shows  t he  e n z y m a t i c  hydro lys i s  of t h e  s y n t h e -  
t i c  b lue  d e x t r a n  b y  d e x t r a n a s e  ( W o r t h i n g t o n ,  150 Uf ing  
p ro t e in )  a f t e r  v a r i o u s  i n c u b a t i o n  periods.  I t  c an  be  ob-  
s e rved  t h a t  u n d e r  t h e  e x p e r i m e n t a l  cond i t i ons  used,  t h e  
h y d r o l y s i s  of t h e  s y n t h e t i c  s u b s t r a t c  is a l i nea r  f unc t i on  of 
t i m e  of i n c u b a t i o n  u p  to  30 rain.  T h e r e a f t e r  t h e  h y d r o -  
lysis  levels  off, as  t h e  e n z y m e  is p r o b a b l y  no  longer  
w o r k i n g  u n d e r  s u b s t r a t e  s a t u r a t i o n  cond i t ions .  F igu re  2 
shows  t h e  hyd ro lys i s  of va r i ous  a m o u n t s  of b lue  d e x t r a n  
p o l y m e r  b y  d e x t r a n a s e .  T h e  Michae l i s -Men ten  t y p e  of 
c u r v e  is obse rved .  

T h e  a m o u n t  of 1, 4 - b u t a n d i o l g l y c i d e t h e r  used for the  
c ross - l ink ing  of d e x t r a n  is cri t ical .  H i g h e r  a m o u n t s  of 
d i epox ide  wil l  y ie ld  r ig id  wa te r - inso lub le  d e x t r a n  poly-  
mer s  wh ich  a re  d e g r a d e d  b y  d e x t r a n a s e  to  a lower  degree.  
O n  t h e  o t h e r  h a n d ,  lower a m o u n t s  of d i epox ide  wil l  n o t  
f ac i l i t a t e  t h e  s y n t h e s i s  of wa te r - in so lub le  d e x t r a n  gels. 

A s imi l a r  s u b s t a n c e  was  p rev ious ly  syn thes i zed  for  t h e  
d e t e r m i n a t i o n  of  a -amylase ,  us ing  soluble  s t a r c h  as  s t a r t -  
ing ma te r i a l .  S u c h  a c ross - l inked  a n d  coloured  in so lub le  
s t a r c h  m a t e r i a l  was  successful ly  used for t he  d e t e r m i n a -  
t i on  of  ~ -amylase  a c t i v i t y  in h u m a n  f luids 2, a 

T h e  wa te r - inso lub le  d c x t r a n  p o l y m e r  p r epa red  as de-  
sc r ibed  was found  to be a v e r y  su i t ab l e  s u b s t r a t e  for dex-  
t r a n a s e  of endo  type .  Us ing  t h i s  s u b s t r a t e  for  the  de te r -  
m i n a t i o n  of d e x t r a n a s e  a c t i v i t y  offers a n u m b e r  of a d v a n -  
t ages  c o m p a r e d  to  t he  saccharogen ic  m e t h o d 4  or  to  me-  
t h o d s  us ing  soluble  coloured  dext ransS,% T h e  p r e sen t  
m e t h o d  is sens i t ive ,  v e r y  s imple  to  pe r fo rm  a n d  useful  
p a r t i c u l a r l y  in  cases where  a large n u m b e r  of s amples  h a v e  
to  be  t es ted .  
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Fig. 2. Hydrolysis of various amounts of blue dextran polymer by 
4.17 ~zg/ml dextranase (%Vorthington, 150 U/mg protein), for 30 mi- 
nutes at 45°C. 

Zusammen/assung. D u r c h  V e r n e t z u n g  y o n  D e x t r a n  m i t  
D i e p o x i d  w u r d e n  wasserun l6s l i che  S u b s t a n z c n  s y n t h e t i -  
s ier t ,  welche  n a c h  F a r b s t o f f b i n d u n g  m i t  C i b a c r o n b l a u  e in  
b e s o n d e r s  gee ignetes  S u b s t r a t  f l i t  das  E n z y m  D e x t r a n a s e  
e rgaben .  
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Fig. I. Hydrolysis of blue dextran polymer (25 mglml) by 3.3 btg]ml 
dextranase (Worthington, 150 U]ing protein), at 45°C for indicated 
time intervals. 
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