
{from methanol), [ ~ ] ~ - 2 3  ° (c 1; DMFA), R f  0.64 {system 3); composit ion C24H28OlIN 4. On hydrolysis ,  p- 
nitrophenyt,  glycine, and glucosamine were  found in a rat io of 1 : 1.96 : 0.92. 

p- Nitrophenyl 2_ (7_ O- methyl_ N- benzyloxycarbonyl-  L- glutaminoylamino)- 2- deoxy- fl- D- glucopyranoside 
(IVb) was obtained s imi la r ly  f rom 0.5 mmole of {IIa) and 1 mmole  of the 7-methyl  es te r  of N-benzyloxycarbon-  
y l -L-g lu tamic  acid; yield 55%, mp 198°C. (from methanol), [ ~ ] ~ - 2 0  ° (c 1; DMFA), R f  0.7 (system 3), com- 
position C28H34013N4. On hydrolysis ,  p-nitrophenol,  glycine, glutamic acid, and glucosamine were found in a 
rat io of 1 : 1 : 0.96 : 0.9. 

S U M M A R Y  

1. A method has been developed for  the synthesis of p-nitrophenyl fl.-D-glucosaminides acylated with 
glucine and alanineo 

2. p-Nitrophenyl N glycyl-f l -D-glucosaminide has been found to be a substrate  of a neutral  fl D-hexos -  
aminodase,, 
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L - A S P A R A G I N A S E  B O U N D  IN A P O L Y A C R Y L A M I D E  G E L  

N. N.  V i n o g r a d o v a ,  I .  A.  V i n a ,  a n d  R .  A.  Z h a g a t  UDC 577.155.32.678.745.842-148 

In recent  yea r s ,  in te res t  has r i sen  in the immobil izat ion of various enzymes,  including enzymes of medi-  
cal significance, in order  to create  new medicinal fo rms .  The immobilization of L-asparag inase  (L-aspara -  
gine aminohydrolaze,  EC 3.5.1.1) has been performed hitherto mainly with the aid of adsorption [1] or  by co- 
valent at tachment to the mat r ix  [2- 4]. 

On the inclusion of the enzyme in the lattice of a polyacrylamide gel, the molecule of L - a s p a r a g i n e - t h e  
subst ra te  of L - a s p a r a g i n e - h a s  small dimensions in compar ison  with the enzyme molecule.  However, there is 
very  little information onthe proper t ies  of L-asparagine  included in a polyacrylamide gel. 

In order  to fix L-asparag inase  in the s t ruc ture  of a polyacrylamide gel we have used a modification of 
the method proposed by Miller [5]. The aim of the present  work was to investigate the stabili ty and some 
kinetic pa rame te r s  of L-asparag inase  bound in a polyacrylamide gel. 

To e:[ucidate the influence of the concentrat ion of acry lamide  and of the c ross - l ink ing  agent N,N ' -b is -  
acrylamide on the inclusion of L-asparag inase  in the gel, we performed a ser ies  of experiments  in which the 
amount of acrylamide was varied f rom 3 to 15% at a constant concentrat ion of N,N ' -methylenebisacry lamide  of 
1.5%, and the amount of c ross- l inking  agent was varied f rom 1 to 5% in a 6% polyacrylamide gel. The best  re-  
sults on the binding of L-asparag inase  in a polyacrylamide gel were achieved at a 6% concentrat ion of ac ry l -  
amide with 1.5% of the c ross - l ink ing  agent N,N' -methylenebisacrylamide .  

A distinguishing feature of L-asparag inase  is its capacity for retaining its activity over a wide pH range, 
with a maximum at pH 7.0-8.0. The bel l-shaped curve of the pH dependence of the activity of the native enzyme 
contracts  for the enzyme included in the gel, and in place of the plateau of the optimum activity pH a well-de-  
fined sharp peak of activity appears  on the curve at pH 8.5. 

Institute of Organic Synthesis,  Academy of Sciences of the Latvian SSR, Riga. Transla ted f rom Khimiya 
Pr i rodnykh Soedinenii, No. 3, pp. 382-384, May-June,  1976. Original ar t ic le  submitted May 5, 1975. 
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Fig .  2. S tabi l i ty  of L - a s p a r a g i n a s e  
in phys io log ica l  solut ion at  37°C 
( - - -  soluble ;  immobi l i zed  
enzyme).  

The kinet ic  behav io r  of I_ -asparag inase  included in a po lyac ry l amide  gel  i s  l a r ge l y  ident ica l  with that  of 
the nat ive  soluble  L - a s p a r a g i n a s e .  The curves  of the dependence of the in i t i a l  r a t e  of the r eac t ion  of the con- 
cen t ra t ion  of the s u b s t r a t e  p r a c t i c a l l y  coincide with the two fo rms  of the enzyme.  The ca ta ly t i c  r eac t ions  of 
both the soluble  and the bound enzyme follow the M i c h a e l i s -  Menten equation. 

The Michae l i s  cons tants  (Km) p r a c t i c a l l y  coincide.  Below we give the values  of K m and in format ion  on 
the inhibi t ion of soluble  L - a s p a r a g i n a s e  and the enzyme included in the p o l y a c r y l a m i d e  gel:  

L - A s p a r a g i n a s e  Kin(app. ) Inhibition by 3- 10 -3 M 
S-benzy l -  N- benzyloxy-  
ca rbony l -  L -cys t e ine ,  % 

Soluble  1.16 • 10- 5 95 
Immobi l i zed  (1.60- 2.00) • 10- 5 23 

The reac t ion  for  the s l ight  i n c r e a s e  in the value of K m for the bound L - a s p a r a g i n a s e  i s  obviously the dif- 
fusion r e s i s t a n c e  to the approach  of the s u b s t r a t e  molecule  to the enzyme.  

We a l so  conf i rmed the inhibi t ion of the ac t iv i ty  of the enzyme included in p o l y a c r y l a m i d e  gel  by one of 
the s t ronges t  compet ing  inh ib i to r s  of soluble  L - a s p a r a g i n a s e - S - b e n z y l - N - b e n z y o x y c a r b o n y l - L - c y s t e i n e .  In a 
concent ra t ion  of 3 "10 -3 M, this  compound inhibi ts  the ac t iv i ty  of the soluble  enzyme by 95%, but of the i m -  
mob i l i zed  enzyme by only 25%. 

It may be a s s u m e d  that  the reduct ion  in the sens i t iv i ty  of the included enzyme to the ac t ion of a compet -  
ing inhib i tor  is  connec t edwi th  the r e t a r d e d  diffusion of the S - b e n z y l - N - b e n z y l o x y c a r b o n y l - L - c i s t e i n e ,  the mole-  
cu les  of which a r e  l a r g e r  than those  of L - a s p a r a g i n e .  

The dependences  of the r a t e s  of the reac t ions  ca ta lyzed  by the two fo rms  of the enzyme on the t e m p e r a -  
tu re  between 0 and 5°C coincide.  However,  with a r i s e  in the t e m p e r a t u r e  the d i f ference  in the r a t e s  of inac t i -  
vat ion i n c r e a s e s ,  and at  60°C an a p p r e c i a b l e  s t ab i l i z ing  act ion of the binding of the soluble  L - a s p a r a g i n a s e  ap- 
p e a r s .  At 65°C, the two f o r m s  of the enzyme a r e  inac t iva ted  to the same  extent.  

Aqueous suspens ion  of the enzyme included in the gel  show an i n c r e a s e d  s t ab i l i ty  on s to rage  both at  0- 
4°C and at  room t e m p e r a t u r e  (Fig.  1). 

An inves t iga t ion  of the s t ab i l i ty  of L - a s p a r a g i n a s e  included in po lyac ry l amide  gel a t  37°C in phys io log ica l  
solution,  which s t ab i l i z e s  the nat ive enzyme to a c e r t a i n  extent,  showed a cons ide rab l e  advantage of the immo-  
b i l i zed  enzyme in c o m p a r i s o n  with the soluble  L - a s p a r a g i n a s e  (Fig.  2). Thus, the L - a s p a r a g i n a s e  included in 
the p o l y a c r y l a m i d e  gel  d i f fe r s  l i t t l e  in i ts  k inet ic  behavior  f rom the nat ive enzyme but p o s s e s s e s  an i n c r e a s e d  
s t ab i l i ty ,  thanks to which i t  may success fu l ly  r e p l a c e  the nat ive enzyme in many ana ly t i ca l  and enzyme inves -  
t iga t ions .  
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E X P E R I M E N T A L  

In the  i n v e s t i g a t i o n s  we u s e d  L - a s p a r a g i n a s e  f r o m  E.  co l i  wi th  a s p e c i f i c  a c t i v i t y  of 180 M U / m g  of p r o -  
t e in .  The e n z y m a t i c  a c t i v i t y  of the  L - a s p a r a g i n a s e  was  d e t e r m i n e d  by  d i r e c t  N e s s l e r i z a t i o n  [6]. 

F o r  the  i n c l u s i o n  of the  L - a s p a r a g i n a s e  in the  l a t t i c e  of the p o l y a c r y l a m i d e  ge l ,  to 1 ml  of aqueous  so lu -  
t ion  of the  e n z y m e  con ta in ing  1300 MU wi th  a s p e c i f i c  a c t i v i t y  of 180 MU/mg of p r o t e i n  we added  4 m l  of 0.1 M 
t r i s - H C 1  bu f f e r  wi th  pH 8.6, ~ 320 m g  of a c r y l a m i d e ,  and 73 m g  of N , N T - m e t h y l e n e b i s a c r y l a m i d e .  The  m i x t u r e  
was  s t i r r e d  fo r  5 min ,  and then  0.01 ml  of t e t r a m e t h y l e t h y l e n e d i a m i n e  and 5 m g  of a m m o n i u m  p e r s u l f a t e  w e r e  
added .  P o l y m e r i z a t i o n  of the  m i x t u r e  took  p l a c e  wi th  a r i s e  in  the  t e m p e r a t u r e .  A f t e r  5 min ,  the  r e a c t i o n  m i x -  
t u r e  was  coo led  and the  t e s t  tube  was  i m m e r s e d  in an i ce  ba th  fo r  10 rain,  a f t e r  which  the m i x t u r e  was  a l l owed  
to s t a n d  a t  r o o m  t e m p e r a t u r e  for  2 h. The  ge l  so  ob ta ined  was  c o m m i n u t e d  by  i t s  r e p e a t e d  p a s s a g e  t h rough  a 
m e d i c a l  s y r i n g e  wi th  a n e e d l e  hav ing  a d i a m e t e r  of 1 m m  and the p a r t i c l e s  of the ge l  w e r e  then w a s h e d  wi th  10 
v o l u m e s  of 0.1 M t r i s - H C 1  bu f f e r  wi th  pH 8.6 unt i l  e n z y m a t i c  a c t i v i t y  had  d i s a p p e a r e d  c o m p l e t e l y  f r o m  the 
w a s h  w a t e r s .  In th i s  way ,  5 m l  of m o i s t  6% p o l y a c r y l a m i d e  ge l  con ta in ing  195 MU/ml  of  L - a s p a r a g i n a s e  was  
ob ta ined .  

S U M M A R Y  

The e n z y m e  L - a s p a r a g i n a s e  f r o m  E.col i_  has  been  i n c l u d e d  in p o l y a c r y l a m i d e  ge l ,  and s o m e  of i t s  p r o p -  
e r t i e s  have  been  i n v e s t i g a t e d :  s t a b i l i t y ,  pH d e p e n d e n c e ,  h e a t  s t a b i l i t y ,  Km.  It  ha s  been  shown tha t  the e n z y m e -  
ge l  ob ta ined  has  a b e t t e r  s t a b i l i t y  then  the  na t i ve  e n z y m e .  
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