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Summary 

A new method of  enzyme i m m o b i l i z a t i o n  by a p o l y i o n  complex was 

proposed. An enzyme immob i l i z ing  membrane was prepared by u l t r a f i l t r a t i n g  

a m i x t u r e  c o n s i s t e d  of  q u a r t e r n i z e d  c h i t o s a n ,  sodium p o l y a c r y l a t e  and 

i n v e r t a s e  in  an aqueous NaBr s o l u t i o n .  The permeat ion  and h y d r o l y s i s  

c h a r a c t e r i s t i c s  o f  aqueous sucrose s o l u t i o n  t h rough  the i n v e r t a s e  

i m m o b i l i z i n g  membrane was s t u d i e d  under some c o n d i t i o n s .  A h y d r o l y s i s  

rate of sucrose by the inve r tase  immob i l i z ing  membrane corresponded to the 

Michae l is -Menten type react ion.  

I n t roduc t i on  

Enzymes can be immobi l ized by var ious techniques such as a cova len t  

b inding,  adsorpt ion,  gel entrapment onto  c a r r i e r s  and m i c r o c a p s u l a t i o n ,  

When enzymes are i m m o b i l i z e d ,  in  g e n e r a l ,  t h e i r  a c t i v i t i e s  are lowered 

compared w i th  t h e i r  na t i ve  state.  However, there are some mer i ts  in the 

enzyme immob i l i za t i on  such as the easiness to separate enzyme and product, 

the p o s s i b i l i t y  of cont inuous operat ion,  the e f f e c t i v e  use of  enzyme etc. 

The present repor t  focuses on a new method of  i nve r tase  immob i l i za t i on  by 

p o l y i o n  c o m p l e x  membrane, w h i c h  were p r e p a r e d  by a p p l y i n g  t h e  

u l t r a f i l t r a t i o n  process to  a m i x t u r e  c o n t a i n i n g  quar tern ized ch i tosan,  

sodium p o l y a c r y l a t e  and i n v e r t a s e  in  aqueous NaBr s o l u t i o n s ,  and on 

h y d r o l y t i c  p r o f i l e s  o f  aqueous sucrose s o l u t i o n s  through the i nve r tase  

immob i l i z ing  membranes in the u l t r a f i l t r a t i o n .  

Experimental Part 

Ma te r i a l s :  Chitosan (Kyowa Yusi Ind.) was a f ree amino groups of  74,9 

mol%. Quarternized chi tosan (q-ch i tosan)  w i th  an ion exchange capac i ty  o f  

3.6 mmol/g was s y n t h e s i z e d  by s t i r r i n g  a m i x t u r e  o f  c h i t o s a n  (58.7 mmol) 

and methyl iod ide (211 mmol) in a mixed s o l v e n t  (I s cons i s t i ng  of  water 

(69 vol%) and methanol (40 vol%) at 45 ~ fo r  24 h. Sodium p o l y a c r y l a t e  
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(PAANa) (Toa Gosei Chem. Ind.) with an ion exchange capacity of 9.1 mmol/g 

was employed as a p o l y i o n .  I n v e r t a s e  (Wako Pure Chem. Ltd.)  c o n t a i n i n g  

1.0 mg in 1.0 ml of  aqueous g l y c e r o l  s o l u t i o n  (50 vol%) was from yeast .  

A l l  reagents used were pure grade from commercial sources. Microporous 

p o l y ( p r o p y l e n e )  f i l m  3501 ( P o l y p l a s t i c s  Co. Ltd.)  w i th  a maximum pore 

d iamete r  of  0.4x0.04 ~m was used as a suppor t  of  the enzyme i m m o b i l i z i n g  

poly ion complex membrane. 

P repa ra t i on  of  membrane: PAANa (0.4 g) and q -ch i t osan  ( I .0  g) were 

separate ly  d isso lved  in an aqueous NaBr so lu t ion  (20 wt%). Equal volumes 

of  these two aqueous s o l u t i o n s  were mixed. The cas t i ng  s o l u t i o n  was 

prepared by d i l u t i n g  the mixed s o l u t i o n  w i th  aqueous NaBr s o l u t i o n  (20 

wt%) to 0.6 wt% in t o t a l  polymer concentration. 

A sketch fo r  preparat ion of the enzyme immobi l iz ing poly ion complex 

membrane is shown in Figure I. The cast ing so lu t ion  (2 g) was poured onto 

the microporous poly(propylene) f i l m  mounted on the porous support in the 

u l t r a f i l t r a t i o n  c e l l ,  and u l t r a f i l t r a t e d  at  0 ~ and 2 kg/cm 2 under 

n i t r o g e n  gas. F i r s t  p o l y i o n  comp lex  l a y e r  was formed on the  

p o l y ( p r o p y l e n e )  f i l m .  The mixed s o l u t i o n  con ta i n i ng  the i n v e r t a s e  

so lu t i on  in 2 g of the above casting so lu t ion  was put on the f i r s t  po ly ion 

complex l a y e r  and second l a y e r ,  in which enzyme was immob i l i zed ,  was 

formed by u l t r a f i l t r a t i n g  at O~ and 2 kg/cm 2, F i n a l l y ,  t h i r d  poly ion 

complex, the same as the f i r s t  l a y e r ,  was laminated  on the second l a y e r  

c o n t a i n i n g  i n v e r t a s e .  The th ree  l a y e r  immob i l i zed  p o l y i o n  complex 

membranes were washed by permeating phosphate buf fer  so lu t ion  (pH 5.3) at 

@ 0 0  0 0  �9 �9 
�9 �9 �9 O O 

�9 O O O O �9 

Polyion complex layer 5 ~m 
(Third layer) 

Polyion complex layer 
containing enzyme (Q) 
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Polyion complex layer 
(First layer} 5 pm 

Microporous 
poly(propylene) film 

(Support layer) 

Figure I. Sketch of the enzyme immobilization polyion complex 
composite membrane. 
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50 ~ and 3 kg/cm 2 to remove NaBr complete ly .  

Appara tus  and measurements: The u l t r a f i l t r a t i o n  c e l l  used was 

presented in e a r l i e r  papers I '2 ,  The e f f e c t i v e  membrane area was 11.3 cm 2. 

The permeat ion  r a t e  was de te rmined by w e i g h i n g  the  permeated l i q u i d  

through the i nve r tase  immob i l i z ing  composite membrane. Concentrat ions of 

sucrose,  g l ucose  and f r u c t o s e  were measured by h igh  per formance l i q u i d  

chromatography. 

Resul ts  and Discussion 

E f fec t  of  i n i t i a l  sucrose concent ra t ion  on the amount of  decomposed 

sucrose (DA) in the permeated l i q u i d  t h rough  the  i n v e r t a s e  i m m o b i l i z i n g  

p o l y i o n  complex membrane w i t h  t ime i s  shown in  F igu re  2. The amount o f  

decomposed sucrose was q u a n t i t a t i v e  and did not change w i th  the permeation 

time. In t h i s  f i g u r e  open square p l o t s  were the r e s u l t s  f o r  the permea- 

t i o n  of  aqueous sucrose s o l u t i o n  in  pH 5.3 b u f f e r  s o l u t i o n  a f t e r  the 

inve r tase  immob i l i z ing  po l y i on  complex membrane was washed by permeating 

the  b u f f e r  s o l u t i o n  of  pH 7.0. In t h i s  case the degree o f  decompos i t i on  

of  sucrose decreased to about 20 %. This r e s u l t  suggests tha t  an a c t i v i t y  

o f  i n v e r t a s e  is  p r e d o m i n a n t l y  c o n t r o l l e d  by pH o f  washing and feed 

so lu t i ons .  
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Figure 2. Effect of the in i t i a l  
sucrose concentration on the de- 
composed amount of sucrose through 
the invertase immobilizing poly- 
ion complexmembrane with time. 
In i t ia l  sucrose concentration in 
buffer solution at pH 5.3: (4D) 
14.6 retool/l, ((}) 29.7 mmol/l, (0)  
5g.gmmol/1, ( 0 )  117.9 mmol/1. 
( n ) :  aqueous sucrose solution (15.0 
mmol/1) in the buffer solution at 
pH 5.3 was subjected to the permea- 
t ion of the immobilized membrane 
after washing with the buffer solu- 
t ion at PHo7.0. Operating condi- 
t ions: 50 C, 3 kg/cm% 
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The decompos i t i on  r a t e  o f  sucrose which in con tac t  w i th  the 

i m m o b i l i z e d  enzyme is  d e f i n e d  as the amount o f  sucrose decomposed per 

t ime, 

V = DA/Tr ( I )  

where V (mo l / l  s) is the decomposition rate of sucrose, DA ( m o l / l )  is the 

decomposed amount o f  sucrose and Tr (s) is  the res idence  t ime of  the 

sucrose molecules in the inver tase  immobi l i z ing  membrane as def ined by Eq, 

(2): 
Tr = AL/PR (2) 

where A (cm 2) is  the e f f e c t i v e  membrane area, L (cm) is  the e f f e c t i v e  

membrane th i ckness ,  PR (cm3/s) is  the permeat ion  ra te ,  The e f f e c t i v e  

membrane t h i ckness  is  t h a t  of  the second l a y e r  c o n t a i n i n g  i n v e r t a s e  

(5xlO -4 cm), The r e l a t i o n  between the decomposition rate of sucrose and 

the i n i t i a l  sucrose concentrat ion is shown in Figure 3, As can be seen in 

Figure 3, the decomposition rate depends on the substrate concentrat ion as 

i t s  low c o n c e n t r a t i o n  range but is  not dependent on i t  in i t s  h igh 

c o n c e n t r a t i o n  range, This p r o f i l e  suggests the ra te  equa t i on  on a 

Michael is-Menten type react ion,  
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Figure 3. Effect of the in i t ia l  sucrose concentration on 
the decomposition rate of sucrose by the ~nvertase immo- 
bi l izing polyion complex membrane at 50 C and 3 kg/cm 2. 
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F igu re  4 i s  a L i neweave r -Bu rk  p l o t  o f  the r e a c t i o n .  A good l i n e a r  

r e l a t i o n s h i p  is  obtained. This r e s u l t  suggests tha t  the decomposit ion of  

sucrose through the inve r tase  immob i l i z ing  po l y ion  complex membrane can be 

in te rp re ted  as a normal enzymatic react ion.  
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Figure 4. Lineweaver-Burk plot for the decomposition 
of sucrose by the inver~ase immobilizing polyion- 
complex membrane at 50 C and 3 kg/cm ~. 

The k i n e t i c  data obtained from the in te rcep ts  of  ax is  in Figure 4 are 

summarized in  Tab le  I ,  compar ing w i t h  those of  n a t i v e  i n v e r t a s e .  The 

va lue  of maximum decomposit ion rate,  Vma x, of sucrose f o r  the i nve r tase  

immob i l i z ing  membrane is  greater  than tha t  f o r  the na t i ve  enzyme. This is  

ma in ly  caused by the f ac t  tha t  the ex is tence amount of the enzyme per u n i t  

volume is  h igher  in the enzyme immob i l i z ing  membrane. The rec ip roca l  o f  

M i c h a e l i s  c o n s t a n t ,  I / K  m, wh ich is  e v a l u a t e d  as the a f f i n i t y  c o n s t a n t  

between the s u b s t r a t e  and enzyme m o l e c u l e s ,  i s  s l i g h t l y  l a r g e r  in  the 

system of enzyme immob i l i z ing  membrane. Polymer matr ix  cons t ruc te t  the 

po l y ion  complex membrane becomes a b a r r i e r  fo r  an approach of  subst ra te  

m o l e c u l e  to  the i m m o b i l i z e d  enzyme m o l e c u l e .  But when the s u b s t r a t e  

m o l e c u l e  i s  once con tac ted  the i m m o b i l i z e d  enzyme m o l e c u l e ,  these 

m o l e c u l e s  i n t e r a c t  i n  t he  l i m i t e d  space i n  t he  p o l y m e r  m a t r i x .  
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Table I .  Kinetic data for hydrolysis of sucrose by 
native invertase and invertase immobilizing membrane 

Enzyme K V I/K 
m max m 

(M)xl 0 (t.~S - I  ) (t.C 1 ) 

Native a) 3.27 l.lOxlO -4 3.06 

Immobilizedb) 1 . 5 6  2.29xi0 -2 6.41 

a) Invertase (20 ~l) was used in sucrose aqueous 

solution (50 ml). Reaction conditions were at 

pH 5.3 and 50 ~ for 3 h. 

b) Invertase (20 pl)  was immobilized in the polyion 

complex membrane. Permeation conditions were at 

pH 5.3, 50 ~ and 3 kg/cm 2 for 3h. 

Consequently, the a f f i n i t y  constant becomes higher in the enzyme 
immobilizing membrane. 

I f  some enzymes can be immobilized by the method of th is report, we 
can easily prepare a laminate type composite enzyme immobilizing membrane. 

References 

1 Uragami, T. Fuj ino, K. and Sugihara, M.: Angew. Makromol. Chem. 55, 29 
(1976) 

2 Uragami, T. Tamura, M. and Sugihara, M.: Angew. Makromol, Chem. 5___55, 59 
(1976); 66, 203 (1978); J. Membr. Sci. 4, 305 (1979) 

Accepted January 7, 1986 S 


