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Recently, specia l  attention has been devoted to the quest ions of developing methods for  obtaining and 
using immobi l ized enzymes  in var ious  branches  of industry and medicine.  Grea t  i n t e r e s t  in this connection is 
p o s s e s s e d  by the enzyme L-a spa rag inase ,  which p o s s e s s e s  anti leukemic and tmmunodepres san t  p r o p e r t i e s  [1]. 

Various po lysacchar ides  and, in pa r t i cu la r ,  ce l lu lose  and Sepharose  are  used ve ry  frequent ly  fo r  i m -  
mobilization.  The possibi l i ty  of using insoluble cel lulose der iva t ives  fo r  the immobi l iza t ion  of L - a s p a r a g i n a s e  
has a l ready been shown in a number  of invest igations [2-4]. 

The p r e sen t  pape r  gives the r e su l t s  of the chemica l  binding by var ious  methods of the enzyme L - a s -  
pa rag inase  to Sepharose 4B and its  de r iva t ives  AH-Sepharose  4B and CH-Sepharose  4B and a lso  to CM- 
cel lulose and r epo r t s  some p rope r t i e s  of the p repa ra t ions  obtained. 

The resu l t s  of the chemical  binding of L - a s p a r a g i n a s e  to the po lysacchar ides  mentioned a re  given in 
Table  1. 

The binding of L -a s pa rag i na s e  to BrCN-ac t iva ted  Sepharose  4B was p rac t i ca l ly  complete  in 2 h with the 
addition of the max imum poss ib le  amount of enzyme to the suppor t  (Fig. 1). At the same  t ime,  as can be seen 
f r o m  the f igures  given below, the highest  amount of added enzyme did not always give the highest  yield of 
act ivi ty in the immobi l ized  product,  which can be explained to some extent by the s t e r i ca l ly  hindered approach 
of the subs t ra te  to the act ive cen te r  of the added enzyme at high concentra t ions  of the l a t t e r  [5]: 

Amount of Added L-Aspa rag inase  Activity o f t he Immob i l i z ed  L-Aspa rag inase  
IU/g  of gel m g / g  of gel I U / g o f g e l  % 

2000 11.11 800 40 
3000 16.67 936 31.2 

Of the other  suppor ts ,  the bes t  r e su l t s  were  obtained by binding L - a s p a r a g i n a s e  by the carbodi imide  
method with CH-Sepharose  4B and by the glutaraldehyde method with AH-Sepharose  4B. At the same t ime,  
the carbodi imide  method of coupling the carboxy groups  of the enzyme with the l a t t e r  po lysacchar ide  gave a 
ve ry  low resu l t  in r e spec t  of activity.  In this case ,  the polycondensat ion of the molecule  of the L - a s p a r a g i n a s e  
i t se l f  and the modification of some of i ts  functional groups probably  take place.  The glutaraldehyde and cyano-  
gen bromide  methods give good resu l t s  both in re la t ion  to the amount of enzyme added and in re la t ion  to the 
degree  of activity thanks to the p r e s e n c e  of a cons iderable  number  of lysine e - amino  groups in the L - a s p a r a -  
ginase molecule  [6], which par t ic ipa te  in coupling with the support .  

A cha rac t e r i s t i c  of the immobi l ized  L - a s p a r a g i n a s e  p repa ra t ions  is the i r  high stabi l i ty  on s to rage  and 
the i r  heat  r e s i s t ance  in compar i son  with the f ree  enzyme.  Figure  2 shows, fo r  a number  of p repa ra t ions  as 
examples ,  the s tabi l i ty  of the immobi l ized  L - a s p a r a g i n a s e  that  is cha rac t e r i s t i c  for  all  modificat ions on poly-  
sacchar ide  supports .  

Native L - a s p a r a g i n a s e  re ta ins  i ts  activity over  a wide pH range  w~h the opt imum pH at  7-8 [7]. The 
curve  of the act ivi ty of L - a s p a r a g i n a s e  bound to po lysacchar ide  suppor ts  cont rac ts  somewhat.  There  is usual ly  
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TABLE 1. Character is t ics  of the Insoluble Prepara t ions  Obtained 
by Chemical Methods of Coupling L-Asparaginase  with Some Poly-  
sacchar ides  

Support 

Sepharose 4B 
AH -Sepharose 4t3 
CH- Sephatose 4B 
CM -Cellulose 

Amount of added L- as- 
paraginase, IU/g of 
preparaxmn 
I G 1 c s 9_B 

2oo( 
3780 700 

I000 400 
2290 

~-aspaxgRinase activ- . . . . .  
ity, .IU/~ of prep- ]Acuwty ylela, qo 
aratlon 
G c s eB /GI  c s ICB 

872 2)4:g ] 
138.4 

800 

67 
17 ! 40 

Note. G) glutaraldehyde method; C) carbodiimide method; S) succini-  
mide method; CB) cyanogen bromide method. 

bl 
'~ ~ ~ Amount of enzyme added, mg 

o " ~o ' & ,~0 

Time, rain 

Fig. 1. Dependence of the amount of L- 
asparaginase  bound (a) on the amount of 
protein added and (b) on the time of the 
react ion with the optimum amount of ad- 
ded enzyme. 

no displacement  of the pH optimum or it is insignificant although at the same time a more pronounced 
narrow activity peak is observed (Fig. 3). 

One of the s t rongest  competing inhibitors of native L-asparaginase ,  N-benzyloxycarbonyl -S-benzyl -L-  
Cysteine, in a concentrat ion of 3 . 1 0  -3 M inhibits the activity of the native enzyme by 95%, and that of the 
matr ix-a t tached enzyme to a considerably smal le r  degree (see below). 

A stat is t ical  analysis of the resul ts  of the dependence of the activity of immobilized preparat ions  of 
L-asparag inases  showed their  agreement  with the Michael i s -Menten  equation, although the values of the ap- 
parent  Michaelis constant  (KMapp) are  somewhat grea ter .  This can be explained to some extent by the dif- 
fusion of the substrate,  limiting the rate of the whole process ,  and by possible conformational  changes of the 
support-bound enzyme. The values of the kinetic constant KMapp of some bound L-asparag inases  obtained by 
l inear  r eg ress ion  af ter  the t ransformat ion  of the resul ts  by the L i n e w e a v e r - B u r k  method are as follows: 

L-A sparaginase 

Bound to Sepharose 4B 
Bound to AH-Sepharose4B 

(glutaraldehyde method) 
Native 

KMapp, M 

5.2 • 10 -5 

Inhibition by 3 • 10 -3 M N-Benzyloxy- 
carbonyl-S-benzyl- L-cysteine, % 

15 

8 . 9  • 1 0  -5 1 

1 . 1 6  • 1 0  -5 95 

E X P E R I M E N T A L  

A purified prepara t ion  of the enzyme - L-asparag inase  f rom E. coli (material  f rom the Riga medical 
prepara t ions  factory) - with a specific activity of 180 IU/mg was used. The supports  were  Sepharoses f rom 
the Swedish f i rm Pharmac ia :  Sepharose 4B activated with BrCN, CH-Sepharose 4B activated with N-hydroxy- 
suceinimide,  CH-Sepharose 4B, AH-Sepharose 4B, and Whatman CM-cellulose.  
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Fig. 2. Stability of immobilized L-asparag inase :  a) stability on 
s torage of the native enzyme (1) and of the enzyme immobilized on 
CH-Sepharose 4B (2) and on Sepharose 4B (3): b) heat stability of 
the native enzyme (broken line), and of the enzyme immobilized on 
AH-Sepharose 4B by the glutaraldehyde method of coupling (full line). 

F ig .  3. Dependence of the activity on the pH of the medium for  na-  
tive L-asparag inase  (I) and for  L-asparag inase  immobilized on CH- 
Sepharose 4B (2) and on Sepharose 4B (3). 

All the immobilized preparat ions  of L-asparag inase  were s tored in the form of aqueous suspensions at 
5°C. 

The activities of the soluble and insoluble L-asparaginases  were determined as described previously 
[8, 9]. To determine the dependence of the activity of the insoluble L-asparag inase  on the pH of the medium 
we used 0.05 M universal  buffer (pH 2-12) [10]. 

Binding of the L-Asparaginase  to Sepharose 4B. The enzyme was bound to BrCN-act ivated Sepharose 
4B (amounts given above) by Pora th ' s  method [11]. The final product  was washed on the f i l ter  with water,  0.5 
M NaC1, and water again. 

Glutaraldehyd e Method of Coupling L-Asparaginase  with AH-Sepharose 4B. A suspension of 0.5 g of AH 
Sepharose 4B in 5 ml of water  was t reated with 3 ml of a 25% aqueous solution of glutaraldehyde and the mix- 
ture was s t i r red  for  1 h. After  filtration, the support was careful ly washed with water (~ 10 times).  

The activated support was suspended in 5 ml of water  containing 10 mg of L-asparaginase ,  the mixture 
was s t i r red  for 2 h, and the product  was fi l tered off. Then it was washed with water,  1 M NaC1 solution, and 
water  again. 

The Carbodiimide Method of Coupling L-Asparaginase  with AN Sepharose 4B. To 4 ml of a solution of 
the enzyme (5 rag) was added 200 mg of 1-cyclohexyl-3-[2-(4-methylmorphol inio)ethyl]-carbodi imide p- toluene-  
suifonate (CMC). Then it was mixed with 0.5g ofAH-Sepharose  4B suspended in water. The reaction was pe r -  
formed at room tempera ture ,  pH 5.0-5.7, for 10 h, the pH being adjusted where necessa ry  with dilute solutions of 
HC1 and NaOH. The final product was carefuiIy washed with water, 1 M NaC1, and water again, 

Carb0diimide Method of Coupling L-Asparaginase  with CH-Sepharose 4B. A suspension of 0.5 g of the 
support in 5 ml of water  was t reated with 100 mg of CMC, and the mixture was s t i r red  at pH 4.7-5.0 for  15 
rain. Then 5 mg of L-asparag inase  was added and mixing was continued at room tempera ture  for  6 h in the 
above-given pH range. After  fil tration, the product  was carefully washed with water,  1 M NaC1, and water  
again. 
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The Succinimide Method of Coupling L-Asparag inase  with CH-Sepharose 4B. To a suspension of 1 g of 
activated succinimide e ther  of CH-Sepharose 4B in 10 ml of K phosphate buffer with pH 8.0 was added 10 mg 
of L-asparag inase ,  and the mixture was s t i r red  at room tempera ture  for  1.5 h. Then the insoluble product 
were f i l tered off and was washed with K phosphate buffer, 1 M NaC1, and water. 

C arbodiimide Method of Coupling L-Asparag inase  with CM-Cellulose.  By the method of Nikolaev and 
Mardashev [2], 500 mg of CMC was added to a suspension of 2 g of CM-cellulose in 30 ml of 0.1 M HC1, and 
the mixture was s t i r r ed  at room tempera ture  for  3 h. Then the product was f i l tered off and washed with water.  

The activated CM-cel lulose was suspended in 10 ml of water, 25 mg of L-aspa rag inase  was added, and the mix-  
ture  was s t i r red  at 4 ° C for  16 h. The insoluble enzyme was washed on the f i l ter  with water,  1 M N aC1, and water  again. 

S U M M A R Y  

Immobil ized L-asparag inase  has been synthesized by various methods of covalent binding to insoluble 
Sepharoses and CM-eellulose.  

Some kinetic proper t ies  of the prepara t ions  obtained, the dependence of the activity on the pH of the 
medium, and their  stability have been investigated. 

It has been established that the immobil ized L-asparag inase  possesses  increased heat res is tance,  s ta-  
bility on storage,  and stability to competing inhibitors.  
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Reductive cleavage by alkali metals in liquid ammonia is ~4dely used to study the structural links in the 
lignin molecule and the bonds between them [1-8]. l-(4-Hydroxy-3-methoxyphenyl)propane, l-(4-hydroxy-3- 
methoxyphenyl)propan-l-ol, and l-(4-hydroxy-3,5-dimethoxyphenyl)propane have been identified previously 
by paper chromatography in the products of the cleavage of cotton-plant stem lignin [9]. 

We have investigated the reductive cleavage by sodium in liquid ammonia of the lignin of the green stem,, 
of the cotton plant of the variety 108-F before their treatment with ultrasound and after it. In the two cases 
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