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INCREASED CIRCULATORY LIFETIME OF THE ANTILEUKEMIC ENZYME 
L-ASPARAGINASE 

R.L. F o s t e r  & T. Wileman*, School  of  Pharmacy, L ive rpoo l  P o l y t e c h n i c ,  L ive rpoo l  
L3 9AF. 

The narrow s u b s t r a t e  s p e c i f i c i t y  and h i g h  c a t a l y t i c  e f f i c i e n c y  of enzymes makes 
them e s p e c i a l l y  s u i t a b l e  as drugs.  The enzyme L-asparagincise h a s  been shown t o  
i n d u c e  r e m i s s i o n  i n  humans f r o m  a s p a r a g i n e  dependent l eukemias  and its l a c k  of 
c y t o t o x i c i t y  t o  bone marrow s t e m  c e l l s  h a s  c o n t r i b u t e d  t o  i ts  s u c c e s s f u l  u s e  i n  
combina t ion  t h e r a p y  (Cooney & Rosenb lu th  (1975) ) .  U n f o r t u n a t e l y  r a p i d  removal 
of L-aspa rag inase  f o l l o w i n g  i n t r a v e n o u s  i n j e c t i o n  and its immunogenicity r educe  
i t s  e f f e c t i v e n e s s  as a tumour i n h i b i t o r  (Holcenberg & R o b e r t s  (1977) ) .  There-  
f o r e  a n  L-aspa rag inase  d e r i v a t i v e  showing a markedly i n c r e a s e d  p l a sma  h a l f  l i f e  
would b e  more e f f i c a c i o u s .  T h i s  p a p e r  r e p o r t s  t h e  s y n t h e s i s  and p r e l i m i n a r y  
i n v e s t i g a t i o n s  on t h e  c i r c u l a t o r y  p r o p e r t i e s  of an  L-aspa rag inase -dex t r an  con- 
j u g a t e .  

L -aspa rag inase  (M.w. 130,000 d a l t o n s )  from Erwin ia  c a r o t o v o r a  h a s  been  c o v a l e n t l y  
and  i r r e v e r s i b l y  bound t o  a n  a c t i v a t e d  s o l u b l e  d e x t r a n  Of m o l e c u l a r  weight  
250,000 d a l t o n s .  The enzyme r e t a i n e d  60% of i t s  i n i t i a l  a c t i v i t y  and Sepharose 
‘in chromatography showed t h e  r e s u l t i n g  enzyme c o n j u g a t e  t o  b e  a homogeneous 
p r o d u c t  of mo lecu la r  we igh t  approx ima te ly  1.5 x lo6 d a l t o n s ,  co r re spond ing  t o  
f i v e  d e x t r a n  s t r a n d s  bound t o  a s i n g l e  enzyme molecule.  The d e x t r a n  s t r a n d s  
bound t o  t h e  “non-es sen t i a l l ’  l y s i n e  g roups  of t h e  enzyme and t i t r a t i o n  of  t h e  
number b e f o r e  and af ter  c o n j u g a t i o n  i n d i c a t e d  t h a t  between e i g h t  and t e n  were 
l o s t  s u g g e s t i n g  a t  least  t w o  p e r  s u b u n i t  w e r e  d e r i v a t i v i z e d  by dex t r an .  

TWO s e r i e s  of  r a b b i t s  w e r e  i n t r a v e n o u s l y  dosed (300 I U  Kg ) w i t h  e i t h e r  t h e  
n a t i v e  enzyme o r  con juga te .  Blood samples  t a k e n  from t h e  marg ina l  ear v e i n  
a l l o w e d  t h e  e s t i m a t i o n  of serum enzyme l e v e l s  f o l l o w i n g  i n j e c t i o n s .  Both t h e  
enzyme and c o n j u g a t e  w e r e  r a p i d l y  d i s t r i b u t e d  w i t h i n  t e n  minu tes  as would b e  
e x p e c t e d  € o r  a h igh  m o l e c u l a r  weight  s p e c i e s  conf ined  t o  t h e  e x t r a c e l l u l a r  
space .  Fol lowing d i s t r i b u t i o n  b o t h  w e r e  e l i m i n a t e d  by a s i n g l e  f irst  o r d e r  
p r o c e s s .  The c o n j u g a t e  e x h i b i t e d  a markedly i n c r e a s i n g  c i r c u l a t o r y  h a l f  l i f e ,  
2O-’to h r s . ,  compared wi th  t h e  n a t i v e  enzyme, 6-10 h r s .  
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The mechanisms by which f o r e i g n  p r o t e i n s  are e l i m i n a t e d  i n  non-immune a n i m a l s  
are  p o o r l y  understood.  The i n c r e a s e d  c i r c u l a t o r y  l i f e t i m e  i m p a r t e d  by c o v a l e n t  
a t t a c h m e n t  o f  d e x t r a n  may b e  a g e n e r a l  phenomenon and t h e  b i n d i n g  of  c a r b o h y d r a t e  
may s e r v e  t o  s t e r i c a l l y  p r o t e c t  t h e  f o r e i g n  p r o t e i n  from r e c o g n i t i o n  by e l imina -  
t i o n  p r o c e s s e s  such as t h e  r e t i c u l o e n d o t h e l i a l  system (Sheerwood et a1 (1977) 
M a r s h a l l  e t  a1 (1977)) .  Suppor t  f o r  t h i s  s u g g e s t i o n  i s  t h e  lower immunogenicity 
t h a t  w e  have  shown f o r  t h e  c o n j u g a t e  compared w i t h  t h e  n a t i v e  enzyme (Wileman 
( 1 9 7 9 ) ) .  The r e s u l t s  s u g g e s t  t h a t  t h e  major  l i m i t a t i o n s  t o  t h e  use of L-aspara-  
g i n a s e  as a drug ,  i ts r a p i d  i n a c t i v a t i o n  I N  VIVO and t h e  immunological con- 
s e q u e n c e s  of r e p e a t e d  i n j e c t i o n s  may b e  overcome by i t s  immobi l i za t ion  w i t h  
s o l u b l e  dex t r an .  
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