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R e c e n t l y ,  the  a t t e n t i o n  of  m a n y  w o r k e r s  has  been  d i r e c t e d  to the  p r e p a r a t i o n  of  i m m o b i l i z e d  e n z y m e s  and 
to  the  s tudy  of t h e i r  p r o p e r t i e s .  T h i s  is  due to the fac t  tha t  i m m o b i l i z e d  e n z y m e s  a r e  w ide ly  used  in s c i e n t i f i c  
i n v e s t i g a t i o n s  and  for  the  s o l u t i o n  of  p r a c t i c a l  p r o b l e m s .  

The  p r e s e n t  p a p e r  d e s c r i b e s  m e t h o d s  fo r  ob t a in ing  l i p a s e  a d s o r b e d  on i o n - e x c h a n g e  m a t e r i a l s  b a s e d  on 
c e l l u l o s e  and the  r e s u l t s  of a s tudy  of  s o m e  p r o p e r t i e s  o f  the  a d s o r b e d  l i p a s e .  

T a b l e  1 g i v e s  the  r e s u l t s  of  e x p e r i m e n t s  on the a d s o r p t i o n  of  to ta l  p r o t e i n  and  l i p a s e  on c e l l u l o s e - b a s e d  
a d s o r b e n t s .  The b e s t  a d s o r b e n t  is  D E A E - c e l l u l o s e .  With  an  i n c r e a s e  in the  c o n c e n t r a t i o n  on the e n z y m e  s o l u -  
t ion ,  i t s  a d s o r p t i o n  c a p a c i t y  r i s e s .  

The  l i p a s e  is  not  e l u t e d  f r o m  the a d s o r b e n t  d u r i n g  the w a t e r  e lu t ion  of a c e r t a i n  amoun t  of  i nac t ive  p r o -  
t e i n s .  

Then the influence on the sorption process of such factors as the pH, the ionic strength, the temperature, 
and the concentration of the enzyme solution from which sorption was performed was investigated and the 
optimum time of contact of the protein with DEAE-cellulose and the sorption capacity of the latter were deter- 
mined. 

The results relating to the influence of the ionic strength of the buffer solutions on the activity of the im- 
mobilized enzyme obtained showed that with a decrease in the ionic strength of the buffer solution the activity 
of the immobilized preparation obtained rises, a change in the buffer concentration from 0.05 to 0.001 M leading 

T A B L E  1. A d s o r p t i o n  of  P r o t e i n  on C e l l u l o s e -  
B a s e d  I o n - E x c h a n g e  M a t e r i a l s  

Absorbent, mg 

[ Supernatant Adsorbed ] liquid after 
treatment Eluate 

DEAE-cellulose 

CM-cellulose 

ECT EOLA- cellulose 

77{L0 89,5 50,76 
, {iS',},7j 57,0 6!},30 

588,6 48,0 7(;,14 

1109,8 72,0 53,76 

8!)1,0] 67,5 

768,21 63,0 47,5 
658,3 61,7 64,1 
55 ,4 58,5 71,78 

L 
9,4 373,24[ 30,1 

411,00 52,6 
9,4 535,26 (1,6 9,4 

9,6 136,44 37,4 
10,4 I|14,1(i[ 37,4 
14,2 1244,32I 37,5 

23,6 1384,301 3'.2),4 
18,4 477,601 38,9 
14,55 573.72 45,9 

N o t e :  V o l u m e  of  e n z y m e  s o l u t i o n  100 ml ;  a m o u n t  , :  
b f  p r o t e i n  in the  i n i t i a l  so lu t ion  1200 rag;  l i p a ~  L 
a c t i v i t y  119 u n i t s / m l ;  1 -- a m o u n t  of  p r o t e i n ,  nag; 
2 -- t o t a l  a c t i v i t y  of  t he  l i p a s e ,  ml  of 0.1 N KOH. 
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TABLE 2. Influence of the pH of the 
Solution on the Activity of the Immobi-  
l ized Lipase Obtained 

pH 

A e l i v i t v  of the 
comp_lek obtained 
ml  o'f. ._ O.1 N KOH ' 

• / '/o on 
]units /g  ] in i t ia l  

Protein content  

l % o n  
mg/g  I init ial  

4,4 
4,8 
5,0 
6,5 
7,8 
%0 
cl,5 

35,8 
36,6 
37,4 
39,5 
43,2 
43,7 

88,2 
87 2 
78:3 
87,7 
9~5,0 
W,O 

2~;, 2.5 
4b,i 
3.5,6 
36,5 
.38,0 
44,8 
4-.5,0 

71,5 
82,08 
81,4 
83,4 
75,0 
78,8 
81,2 

TABLE 3. Adsorption of 
Protein and Lipase Activity 
on DEAE-Cel lulose  

DEAE-is upernatant 
e e l l u -  . . lose ,  1.t qmd _ Eluate .... 

mg 1 ~ ~ 

10O0 6fi9.,71 5],0 '69.30 1 9,4 
2000 08a,6 / 4S,0 76 141 :L4 

J - - '  0 2.500 539,51 25,0 :~o,8 I 7,0 
3000 7 0 i 79, 5 t - 
3500 395,7 --  : -- 

See note to Table 1. 

to a 1.5-  to 2 - fo ld  increase in the activity of the immobil ized material.  This shows that the presence of ions 
of  an electrolyte in the solution has an adverse  influence on the sorption of the enzyme (Fig. la).  

An important factor affecting the ion-exchange sorption proces s  is the pH of the medium. With a change 
in the pH from 4.4 to 5.0, the activity of the complex falls from 88.2 to 78.3% of the activity of tt(e initial en-  
zyme,  but with a further rise in the pH the activity increases:  at pH 7.8 to 96% and at pH 8.0 to 97%. With an 
even further r ise  in the pH of the enzyme solution the enzyme is inhibited (Table 2). 

Results  of an investigation of the influence of the t ime of contact of the support with the enzyme solution 
on the activity of  the resulting immobil ized enzyme are given in Fig. lb. With an increase in the time of con-  
tact from 5 to 15 min the activity of the immobil ized enzyme rose from 30 to 75%, respect ively ,  on the activity 
of the initial enzyme.  A further increase in the t ime of contact (to 25 rain) did not affect the activity of the 
immobil ized lipase obtained, but after this the activity fell. 

Figure l c  shows the dependence of  the l ipase-sorpt ion process  on the temperature.  A change in the t e m -  
perature had different effects  on the activity of the complex obtained and on the sorptioa of protein- With a r i se  
in the temperature from 1 to 15°C the amount of  protein sorbed on the support increased,  and with a further 
rise  in the temperature it decreased.  The total activity of the immobil ized enzyme increased from 70 to 80% 
with a rise  in the temperature from 1 to 15°C and then, with a r ise  in the temperature to 30°C, it fell to 55% of  
the activity of the initial enzyme.  

Experiments  with different amounts of adsorbent at a constant concentration of protein and l ipase activity 
(Table 3) show that with a r i se  in the amount of DEAE-ce l lu lose  as  a constant volume of  enzyme solution (100 . 
ml) the adsorption of the enzyme r ises ,  and at a ratio of adsorbent and enzyme solution of 3500 mg : 100 ml com-  
plete adsorption takes place. 

On elution with 0.1 M phosphate buffer containing 1.0 M NaC1, the l ipolytically active protein pas se s  into 
the solution quantitatively, the specific activity of the enzyme ris ing 3-  to 4-fold in this proces s  in comparison 
with the initial extract. 

For comparison with the native (soluble) l ipase,  we determined the influence of  the pH and the tempera-  
ture on the D E A E - c e l l u l o s e - l i p a s e .  Fig. 2a shows the dependence of  the activity of the immobil ized lipase on 
the pH of the medium. It was found that immobil ization did not change the nature of the dependence of  the aet i -  
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Fig.  1. Influence of the concent ra t ion  of 
buffer  solut ion (a), on the t ime  of contact  of 
the suppor t  with the enzyme solut ion (b), and 
of the sorp t ion  t e m p e r a t u r e  (c) on the a c t i -  
v i ty  of the r e su l t ing  immobi l i zed  enzyme (1 - 
ac t iv i ty ;  2 - protein}. 

v i ty  of the l i pase  on the pH but it a p p r e c i a b l y  b roadened  the pH ranges  of i ts  ac t iv i ty :  while for  the native l ipase  
they  were  4 .6-4.8  and 7.8-8.0  [2], for  the immobi l i zed  enzyme they were  4 .4-5.6  and 7 .0-8.6 ,  the pH opt ima for 
both the native and the immob i l i z ed  enzymes  being 4.8 and 7.8, r e spec t i ve ly .  

F igu re  2b shows the dependence of the ac t iv i ty  of the immobi l i zed  l ipase  on the t e m p e r a t u r e  at the op t i -  
mum pH. The gene ra l  na ture  of the dependence of the l ipase  ac t iv i ty  on the t e m p e r a t u r e  had not changed as  the 
r e s u l t  of immobi l i za t ion .  

In con t r a s t  to the native l ipase ,  having a t e m p e r a t u r e  opt imum of 40°C under  the given condit ions,  the 
immob i l i z ed  l i pa se  had i ts  opt imum ac t iv i ty  at  45-47°C. Consequently,  immobi l i za t ion  led to some inc rea se  in 
the heat s t ab i l i t y  of the l i pa se ,  which is  c h a r a c t e r i s t i c  for  a number  of o ther  immob i l i z ed  e nz ym e s  [3]. 

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

The enzyme was obtained by a method d e s c r i b e d  p rev ious ly  [1]. The p ro te in  was d e t e r m i n e d  f rom the 
abso rp t ion  at  280 am on an SF-16 spec t ropho t om e t e r .  The l ipase  ac t iv i ty  was d e t e r m i n e d  as  d e s c r i b e d  p r e -  

v ious ly  [2]. 

The m a t e r i a l s  used we re  d ie thy laminoe thy lee l lu lose  (DEAE-ce l lu lose) ,  (TU [Technical  Specif icat ion] 6 -09-  
64471), c a r b o x y m e t h y l c e l l u l o s e  (CMC) (TU-10P-108-67) ,  and E CTEOLA-ce l lu lose  (MRTU [ In te r r epub l i can  
Technica l  Specif icat ion]  6-09-6490-69) - m a t e r i a l s  of Soviet manufac ture .  

P r e p a r a t i o n  of the A d s o r b e d  L ipase .  A weighed amount of mois t  DEAE-ee l lu lo se  (W=80-85%) w a s p l a c e d  
in a g l a s s  b e a k e r  and then the r e q u i r e d  amount of enzyme solution with the given concen t ra t ion  of enzyme and 
the n e c e s s a r y  pH value  was added.  The b e a k e r  was p l aced  on a magnet ic  s t i r r e r  in a t h e r m o s t a t  and was left  
for  a p r e d e t e r m i n e d  t ime.  Af te r  incubation, the contents  of the b e a k e r  were  t r a n s f e r r e d  to a porous  g l a s s  f i l t e r  
and the suppor t  with the so rbed  enzyme was s e p a r a t e d  f rom the l iquid.  The f i l t r a t e  was co l l ec t ed  in a t e s t - t ube  
and the concen t ra t ion  of p ro t e in  in it was de te rmined ,  while the immob i l i z ed  enzyme was washed with d i s t i l l ed  
w a t e r  until  t h e r e  were  no longer  t r a c e s  of p ro te in  in the wash w a t e r s .  F r o m  the p r e p a r a t i o n  of immobi l i zed  
enzyme d r i e d  in vacuum on the g l a s s  f i l t e r  a s ample  was taken for  an ac t iv i ty  de te rmina t ion .  The amount  of 
s o r b e d  p ro t e in  was ca lcu la ted  f r o m  the d i f fe rence  in the in i t ia l  concent ra t ion  and the concen t ra t ion  in the f i l t r a t e  

a f t e r  so rp t iom 
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Dependence of the act ivi ty of the immobi-  
lized lipase on the pH and on the tempera ture  (0.1 
M phosphate buffer, pH 7.8). 

The influence of the ionic s trength of the buffer solutions on the ion-exchange sorption p rocess  was in- 
vest igated in phosphate buffer (pH 7.8) at room tempera ture  (18-20°C) with a t ime of contact of the support with 
the enzyme solution of 15 min. The influence of the pH of the enzyme solution on the production of an active 
insoluble enzyme was determined at 5°C with a contact time (of the enzyme solution with the suppor t )of15 min. 
The pH of the react ion mixture was changed by adding dilute solutions of ammonium hydroxide or  acet ic  acid. 

The influence of the tempera ture  on the preparat ion of the active immobilized enzyme was studied at pH 
7.8 with a contact time of 15 rain. The dependence of the activity of the immobilized preparat ion on the t ime 
of contact was investigated at pH 7.8 at room tempera ture .  

The sorption capaci ty of DEAE-cel lulose for the tipase was determined at pH 7.8, t empera ture  20°C, and 
a t ime of contact (of the support  with +.he enzyme solution) of 15 min. 

S U M M A R Y  

1. Under cer tain conditions, l ipase immobilized on ce l lu lose-based  ion-exchange mater ia ls  can be ob-  
tained. The best adsorbent  is DEAE-cellulose.  

2. The optimum conditions for the immobilization of lipase on DEAE-eellulose are pH 8.0, t ime of  con-  
tact  with the support 15-20 min, t empera tu re  10 ° C. 

¢ 

3. The  immobil ized lipase (DEAE-ee l lu lose- l ipase)  retains  the main functional proper t ies  of the native 
enzyme.  

l o  

2. 
3. 
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