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SUMMARY 

Nylon and polyurea microcapsules containing asparaginase (L-asparagine 
amidohydrolase, EC 3.5.i.i) were prepared by the interfacial polymerization method. 
The activities of nylon and polyurea microcapsules containing asparaginase were 
37% and 42%, respectively, compared with that of native asparaginase. 

The pH optimum of the microencapsulated enzymes was the same as that of 
native enzyme, although the pH-activity curves of native asparaginase were some- 
what restricted by microencapsulation. The optimum temperature was lowered by 
microencapsulation. The apparent Michaelis constants of both microencapsulated 
enzymes were about IOO times higher than that of the native one. No marked differ- 
ence of stability in prolonged storage was observed, whereas both microencapsulated 
asparaginases were found to be resistant to repeated uses and attack of proteolytic 
enzymes. 

INTRODUCTION 

Recently, microencapsulation of enzymes has been noted as one of the potential 
methods to solve some troubles in enzyme therapy such as production of antibody 
and loss of effectiveness of enzyme administered. In the case of microencapsulated 
enzymes, they do not leak out but still act efficiently on external permeable sub- 
strates, since the enzymes are encapsulated by the semipermeable polymer membrane. 
Thus, there is the possibility that the above troubles in enzyme therapy might be 
overcome by use of microcapsules containing enzymes. From these points of view, 
a number of microencapsulated enzymes have been prepared and studied as thera- 
peutic agents. 

Chang and his coworkers successfully prepared the microcapsules containing 
enzymes1, 2, and developed the interesting application of microcapsules in physi- 
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ology3, 4. Kitajima ctal) and Boguslaski and Janik 6 also reported on the preparation 
and some properties of microcapsules containing enzymes. 

However, little is known about the enzymatic properties of these micro- 
encapsulated enzymes. In the foregoing paper ~, we reported on the detailed conditions 
for the preparation of nylon microcapsules containing asparaginase (I:asparagine 
anaidohydrolase, EC 3.5.1.1) which has been used for the suppression of lympho- 
sarcoma. In this paper we describe the preparation of more enzymatically active 
microcapsules containing asparaginase, with polyurea or nylon membranes, and the 
enzymatic properties of both microencapsulated asparaginases were investigated and 
compared with those of native asparaginase. 

M A T E R I A I . S  A N D  M E T H O D S  

Materials 
Asparaginase was prepared from Proteus vulgaris according to the method of 

Tosa ~'t al. s, and its activity was 7 o ttmoles/min per mg of the preparation by standard 
enzyme assay. 

Chymotrypsin (bovine pancreas) and trypsin (bovine pancreas) were obtained 
from Sigma Chemical Company, U.S.A., and Pronase-P (bacteria) was obtained from 
Kaken Kagaku Co., Tokyo, Japan. 

Sebacoylchloride, 1,6-hexanediamine and 2,4-toluenediisocyanate were ob- 
tained from Tokyo Kasei Kogyo Co., Tokyo, Japan. Span 85 (detergent) was ob- 
tained from Kao-Atlas Co., Tokyo, Japan. 

Pr@aratio~ of nylon microcaps~des containing asparaginase 
The preparation of nylon microcapsules containing asparaginase was carried 

out under the optimal conditions described in the previous paperL The method is 
as follows. To the mixed solution (pH 8.4) containing I mg of asparaginase, IO mg of 
casein, 50/~moles of L-aspartic acid and 800/~moles of 1,6-hexanediamine, in a total 
volume of 3.5 ml, was added 20 ml of mixed solvent (cyclohexane-chloroform; 5 :I, 
v/v) containing Span 85. The mixed solution was then mechanically emulsified at 
4 °C. With stirring, 15 ml of the mixed solvent containing 450 #moles of sebacoyl- 
chloride was added and stirred for 3 min. The resulting microcapsules were collected 
by filtration, then washed with ethanol and water. The activity of nylon micro- 
capsules obtained was 37°i~ compared with that of native asparaginase. 

Preparation of polyurea microcapsules containing asparaginase 
Polyurea microeapsules containing asparaginase were prepared by the same 

method as in the case of nylon microcapsules except for using 14oo #moles of 2, 4- 
toluenediisocyanate in place of sebacoylchloride. Tile activity of the polyurea micro- 
capsules obtained was 42% relative to that of native asparaginase. The particle size 
of microcapsules could be controlled, and they became smaller at the higher rate of 
stirring and concentration of Span 85 in a first emulsification step as reported in the 
previous paper 7. A photomicrograph of polyurea microcapsules containing aspara- 
ginase is shown in Fig. I. 
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Fig. I. Photomicrograph of polyurea microcapsules containing asparaginase. 

Standard enzyme assay of native asparaginase 
Except for varying the pH of the enzyme reaction from 8. 4 to 8.o and the 

amount of L-asparaginase from 50 #moles to IOO #moles, the enzyme reaction of 
native asparaginase was carried out by the method previously described 7. The enzyme 
activity was expressed in #moles of ammonia liberated per rain. 

Standard enzyme assay of microcapsules containing asparaginase 
Unless otherwise noted, the enzyme reaction of microcapsules was carried out 

by incubating a mixture of ioo/ ,moles of borate buffer (pH 8.o), IOO #moles of L- 
asparagine and microeneapsulated asparaginase, in a total volume of 3 ml, for IO rain 
at 37 °C with shaking (IOO cycles/rain, 5-era stroke). The reaction mixture was 
filtered, and the liberated ammonia in the filtrate was measured by the colorimetric 
method using Nessler's reagent. The effects of amount of microencapsulated enzyme, 
i.e. enzyme concentration, and incubation period on the reaction rate are shown in 
Figs 2 and 3, respectively. 

In the case of microencapsulated enzymes, since the enzyme reaction is carried 
out through the mieroeapsule membrane, diffusion will become the limiting step of 
the enzyme reaction. Thus, the effect of shaking on the reaction rate was studied. 
As a result, it was confirmed that the reaction rate was increased with increase in 
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Fig. 2. Effect of concentrat ion of microcapsulcs on the reaction rate. Polyurea microcapsules con- 
taining asparaginase were employed for the test. The enzyme assay was carried out  under  s tandard  
conditions with varied amoun t s  of microcapsules. 

Fig. 3. Effect of incubation period on the reaction rate. Polyurea microcapsules containing aspara-  
ginase were employed for the test. The enzyme assay was carried out  under  s tandard condit ions 
with varied incubation time. 

shaking but it had already reached a plateau level at the shaking speed of the stan- 
dard enzyme assay, and the effect of diffusion on the reaction rate was negligible. 

RESULTS 

Effect of pH 
The pH dependence of the initial rate of hydrolysis of L-asparagine with nylon 

and polyurea microcapsules containing asparaginase and native asparaginase is shown 
in Fig. 4- Both the microencapsulated enzymes show a more restricted range of 
activity than that  of the native enzyme, although no difference in the optimum pH 
values of these three enzyme preparations are observed. 

Effect of temperature 
The effect of temperature on the reaction rate was investigated, and the results 

are shown in Fig. 5. The figure indicates that  the opt imum temperature for both 
microencapsulated enzymes is lower by about IO °C than that  for the native aspara- 
ginase. For the estimation of the apparent activation energy of these three enzyme 
preparations, the results given in Fig. 5 were plotted by the method of Arrhenius. 
The apparent  activation energies below 37 °C were calculated to be 744 ° cal/mole for 
the three enzyme preparations. 
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Fig. 4. Effect  of  p H  on the  reac t ion  rate.  The  e n z y m e  as say  was carr ied ou t  unde r  s t a n d a r d  condi-  
t ions  excep t  for buffers  employed .  At  pH  5.o 6.o, p H  6.o-8.o,  and  p H  8.O-lO.O, o.i  M ace t a t e  
buffer,  o. i  M p h o s p h a t e  buffer,  and  o.1 M bora te  buffer  were employed,  respect ively.  × -  x ,  
na t ive  a spa rag inase ;  O - - O ;  ny lon  microcapsu les  con ta in ing  a spa rag inase ;  0 - - 0 ,  po lyurea  
microcapsu les  con ta in ing  asparag inase .  
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Fig. 5. Effect  of  t e m p e r a t u r e  on the  reac t ion  rate.  The  e n z y m e  as say  was carr ied ou t  u n d e r  
s t a n d a r d  condi t ions  modif ied by  v a r y i n g  the  i ncuba t ion  t e m p e r a t u r e .  The  reac t ion  ra tes  ob ta ined  
a t  37 °C were t a k e n  as lOO%. × - -  × ,  na t i ve  a spa rag inase ;  O O,  ny lon  microcapsu les  con ta in ing  
a spa rag inase ;  0 - - 0 ,  po lyu rea  mierocapsu les  con ta in ing  asparag inase .  
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Compariso~z of Michaelis co~zstant 
T h e  effec t  o f  s u b s t r a t e  c o n c e n t r a t i o n  on  t h e  e n z y m e  a c t i v i t y  was  i n v e s t i g a t e d ,  

a n d  t h e  r e su l t s  o b t a i n e d  were  p l o t t e d  b y  t h e  m e t h o d  of  L i n e w e a v e r  a n d  B u r k  for  

t h e  e s t i m a t i o n  of  t h e  Michae l i s  c o n s t a n t  (Kin). T h e  r e s u l t s  a re  s h o w n  in Fig. 6. F r o m  

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

c a l c u l a t e d  to  be  1.8.  IO -~5 M, 1 .3 '  IO -3 M a n d  2.o.  IO -3 M, r e s p e c t i v e l y .  
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Fig. 6. Lineweaver-Burk plots for the native and microencapsulated asparaginase, in the case 
of native asparaginase, the enzyme reaction was started by the addition of i ml of enzyme solu- 
tion into 4 ml of substrate solution (pH 8.o). The mixture was incubated for io min at 37 "C, and 
the reaction was stopped by the addit ion of [ ml of Nessler's reagent. In the case of microencap- 
sulated asparaginase, the enzyme reaction was star ted by the addition of 2 ml of microcapsules 
into 8 ml of substrate  solution (pH 8.0). The mixture was incubated for Io rain at 37 °C with 
shaking, and the reaction was stopped by the filtration. To 5 ml of filtrate was added i ml of 
Nessler's reagent. The absorbance was measured at 41o nm. :. , native asparaginase; ,.. ~ ,  
nylon microcapsules containing asparaginase; 0 - - 0 ,  polyurea microcapsules containing asparagi- 
n a s c .  

Stability of microencapsulated asparagi~zase after repeated use 
S t a b i l i t y  of  n y l o n  a n d  p o l y u r e a  m i c r o c a p s u l e s  c o n t a i n i n g  a s p a r a g i n a s e  a f t e r  

r e p e a t e d  use  was  i n v e s t i g a t e d .  As  s h o w n  in T a b l e  I, n o  loss of  a c t i v i t y  in b o t h  mic ro -  

capsu l e s  was  o b s e r v e d  a f t e r  b e i n g  u sed  five t imes .  

Stability in storage 
T h e  s t a b i l i t y  of  m i c r o e n c a p s u l a t e d  a n d  n a t i v e  a s p a r a g i n a s e s  in  p r o l o n g e d  

s t o r a g e  a t  4 °C a n d  30 °C was  i n v e s t i g a t e d ,  a n d  t h e  r e s u l t s  a re  s h o w n  in Fig.  7- T h e  
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T A B L E  I 

STABILITY OF MICROCAPSULES AFTER R E P E A T E D  USE 

A m i x t u r e  of I mmole  of bo ra t e  buf ier  (pH 8.0), I mmole  of L-asparagine  and  microcapsu les  con- 
t a i n ing  asparag inase ,  in a t o t a l  vo lume  of 3 ° ml, was i n c u b a t e d  for Io min  a t  37 °C wi th  shaking ,  
and  t h e n  filtered. The res idua l  microcapsu les  were washed  wi th  water ,  and  aga in  i n c u b a t e d  unde r  
the  same cond i t ions  as descr ibed above.  This  p rocedure  was carr ied  out  repea ted ly ,  and  the  t ime  
i n t e r v a l  be tween  each use was 3 ° min, 

Number of 
hines used 

Remaining activity (%) 

Nylon 
microcapsuIes 

Polyurea 
microcapsules 

1 I O O  I O O  

2 91 IO 3 

3 98 94 
4 1 ° 3  9 3  

5 96 97 

figure shows that after storage at 30 °C the activity of both microencapsulated 
enzymes decreases with the same ratio as in the case of native asparaginase, but at 
4 °C both microcapsules are more stable than native asparaginase. 

Effect of proteases on the enzyme activity 
To obtain further information on the stability of microencapsulated enzymes 

the effect of proteases on the microcapsules containing asparaginase was investigated, 
and compared with that on the native asparaginase. As shown in Table II, native 
asparaginase was almost inactivated by incubation with proteases for IO rain, but 
both microencapsulated enzymes were not affected by the same treatment. 
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Fig. 7. S t a b i l i t y  in s torage.  Mic roencapsu la t ed  and  n a t i v e  a spa rag inases  were s tored  for 20 days  
in phys io log ica l  saline. Af ter  s torage,  the  enzyme  a c t i v i t y  was  measu red  unde r  s t a n d a r d  condi-  
t ions.  × - - × ,  na t i ve  a spa rag inase ;  O - - ( ) ,  ny lon  microcapsu les  con t a in ing  a spa rag inase ;  0 - - 0 ,  
po lyu rea  microcapsu les  con t a in ing  asparag inase .  - -  , a t  4 °C; -- -- --,  a t  3 ° °C. 
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I ' 2FFECT O F  P R O T F . A S E S  O N  T H E  F, N Z Y M E  A C T I V I T Y  

In the  case of na t i ve  asparag inase ,  a m i x t u r e  of too /~moles of bora te  buffer (pH 8.o), I m g  of 
a spa rag inase  and  a specified a m o u n t  of protease,  in a to ta l  vo lume  of 2 ml, was i ncuba t ed  a t  
37 °C for io  rain. In the  case of microcapsu les  con ta in ing  asparaginase ,  a m i x t u r e  of i mmole  of 
bora te  buffer (pH 8.o), microcapsules  (conta in ing  i mg of na t i ve  asparaginase)  and  specified 
a m o u n t  of p ro tease  ,in a to ta l  vo lume  of ~ i ml, was i ncuba t ed  at  37 °C for io  min  wi th  shaking.  The 
a m o u n t  of t ryps in ,  c h y m o t r y p s i n  and Pronase -P  used was 500, lO and  20/~g, respec t ive ly .  After  
these  t r e a tmen t s ,  the  r ema in ing  enzyme  a c t i v i t y  was i m m e d i a t e l y  de t e rmined  by  the s t a n d a r d  
a s s a y  s y s t e n l .  

Proteases Remaining activi O' (%) 

Native Nylon Polvurea 
asparagi~tase m'icrocapsules microcapsules 

Tryps in  28 lo  4 IOO 
C h y m o t r y p s i n  4 I i i 96 
P ronase - l '  t 2 ~o6 IO 7 

DISCUSSION 

In order to prepare a more active microencapsulated asparaginase, we have 
a t tempted to prepare the polyurea microcapsule as well as the nylon microcapsule. 
Enzyme activity of polyurea microcapsules containing asparaginase was higher than 
that  of nylon microcapsules, and also considerably higher than that  of the nylon 
microcapsules prepared by Chang 9. 

The enzymatic properties of nylon and polyurea microcapsules containing 
asparaginase were compared with those of native enzyme. At the outset, the effect 
of enzyme concentration and incubation time on the reaction rate were investigated 
in order to clarify whether it is possible to assay the activity of the microencapsulated 
enzyme by the same method employed for the native enzyme. As shown in Figs 2 
and 3, it was found that  if the microencapsulated enzymes were uniformly suspended 
in the reaction medium with shaking, the activity could be assayed by the same 
method as in the case of the native enzyme. Accordingly, the Michaelis constant 
(Km) could be obtained by the method of Lineweaver and Burk. The apparent Km 
values of both microencapsulated asparaginases are about ioo times higher than 
that  of native enzyme. Tile same phenomenon was observed by Allison et al. 1° in 
asparaginase covalently bound to the nylon tube. They consider that  this loss of 
affinity for substrate is probably a result of a change in conformation during the 
coupling process and/or a result of charge-charge interactions between substrate and 
support. On the other hand, in the case of microencapsulated enzymes, this increase 
of Km value may be explained by the change of permeation rate of substrate or 
product through the microcapsule membrane. The permeation rate will be loga- 
rithmically related to the concentration of substrate or product in the reaction 
medium. That  is, transfer of substrate or product through the microcapsule mem- 
brane will be much limited when the concentration of substrate or product is very 
low, and the apparent  Km value becomes higher. 

Other properties of the enzyme were also changed by microencapsulation. 
Although maximum activity was obtained at pH 8.o with native enzyme and both 
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mic roencapsu la ted  enzymes,  the  microencapsu la ted  enzymes res t r ic ted  the p H  range 
on ti le ac t i v i t y  more. Significant difference between the mic.roencapsulated and na t ive  
asparaginases  was also observed in o p t i m u m  tempera tu re .  The reason for changes in 
the  p H  profiles and o p t i m u m  t empera tu r e  by  microencapsula t ion  is not  clear. 

By  conversion into a microencapsu la ted  form the resistance to a t t a c k  of 
p ro teo ly t i c  enzymes is ve ry  much enhanced.  Fu r the rmore ,  the microencapsula ted  
enzymes  were found to be ve ry  s table  af ter  repea ted  use. These results  suggest t ha t  
asparag inase  is comple te ly  encapsu la ted  in the semipermeable  nylon or po lyurea  
m e m b r a n e  and  does not  leak out  from the microcapsule.  These proper t ies  indicate  
tha t  microencapsu la ted  asparaginase  is promising for future  prac t ica l  use in enzyme 
the rapy .  
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