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1*

•̂ he
e method f o r  p a n c r e a t in  im m o b il iz a t io n  on c a rb o x y lm e th y lc e llu lo s e  i s  d e s c r ib e d .  O ptim al 

E d i t i o n s  f o r  r e a c t i o n  a re  d e f in e d :  c o n c e n t r a t io n s  o f  r e a g e n ts ,  te m p e ra tu re ,  pH, e t c . ,  a l l  

^  a llo w s  to  p ro d u ce  c o n ju g a te  o f  an enzyme w ith  a  p o lym er, p r e s e r v in g  up to  85% o f  p r o -  

ease arid 92% o f  e s t e r a s e  a c t i v i t i e s .
It •

l s  shown t h a t  n a t iv e  and im m o b ilized  p a n c r e a t in s  have th e rm o la b ile  and th e rm o s ta b le  
f  x*

act io n s  w ith  t h e i r  i n a c t i v a t i o n  c o n s ta n t s .  I t  i s  e s t a b l i s h e d  t h a t  im m o b il iz a t io n  o f  p a n -  

tea t i n  in c r e a s e s  i t s  t h e r m o s ta b i l i t y  by 1 . 5  -  3 t im e s .

■ •̂IRODUCTION

P re s e n t  p r o t e i n  c a ta ly s ts -e n z y m e s  a r e  w id e ly  used  in  fo o d  i n d u s t r y .  One o f  th e s e  enzyme 

eP a ra t io n s  i s  p a n c r e a t in ,  d e r iv e d  from  b e e f  c a t t l e  p a n c re a s .  To in c r e a s e  tim e  o f  a c t i v i t y

^  t h e r m o s ta b i l i t y  o f  th e  enzyme i t  can be im m o b ilized  on one o f  th e  w a te r - s o lu b le  polym er 
Caj?1,i e r s .
The .

l a  o f  th e  p r e s e n t  work was to  s tu d y  c o n d i t io n s  o f  p a n c r e a t in  f i x a t i o n  on ca rb o x y lm e- 

■ H celiu iosg  (CMC), w hich  i s  a llo w e d  f o r  use  in  fo o d  in d u s t r y ,  and a ls o  t o  i n v e s t i g a t e  

P i t i e s  o f  th e  o b ta in e d  c o n ju g a te .

^AiEPlALS AID METHODS

E je c ts  o f r e s e a r c h  s e rv e d  CMC p o ly m e ric  m a tr ix  w ith  m o le c u la r  w e ig h t (mw) 65-70  kDa and 
Pan

hind
lcre a t in  o f  ”m e d ic a l" g ra d e  h a v in g  p r o te a s e  a c t i v i t y  5000 u n i t s / g  o f  enzyme p r e p a r a t io n  

P r o te in  c o n te n t  90%. P r o te in  c o n te n t  was d e te rm in e d  by L ow ry 's  m ethod (Lowry e t  a l . ,
1951),

t o t a l  a c t i v i t y  o f  p r o t e o l y s i s  -  by A n so n 's  m ethod (V a s ily e v a  e t  a l . ,  1 9 7 6 ), u s in g

6ln by H am ersten  a s  a s u b s t r a t e ,  o r  by h y d r o ly s i s  o f  2 ,4 ,6  -  t r i n i t r i c b e n z o l s u lp h o a c id
cag

^ d i er  r .
188611, /1979), e s t e r a s e  a c t i v i t y  -  by r a t e  o f  h y d r o ly s i s  o f  e th y l  e s t e r  o r b e n z o l-  

^ S i iu n e  on p H - s ta te  "R ad io m ete r"  (D enm ark). M o le c u la r  w e ig h t o f  th e  o b ta in e d  c o n ju g a te  was 

6ra in e d  by g e l - f i l t r a t i o n  on a Sephadex column G -100. T h e r m o s ta b i l i ty  o f  n a t iv e  and im - 

p a n c r e a t in  was e v a lu a te d  by changes o f  a c t i v i t y  o f  s o lu t io n s  in  0 .1  M t r i s - b u f f e r
^  PH 7 r
^  te m p e ra tu re  45 -70°C . S o lu t io n  o f  c o n ju g a te  pancreatin-C M C  was ly o p h i l i z e d ,

Powder was o b ta in e d  as  a r e s u l t ,  show ing c h a r a c t e r i s t i c s  g iv e n  i n  T ab le  1 .

C h a r a c t e r i s t i c s  o f im m o b ilized  p a n c r e a t in

h e ig h t  o f  S p e c i f i c  a c t i v i t y ,  T o ta l  a c t i v i t y ,  
c o n ju g a te  u n i t s  u n i t s

e s te r a s e  p r o te a s e  e s t e -  p r o te a s e
r a s e

C o n te n t Y ie ld  by Y ie ld  by a c -  
o f  p a n -  p r o t e i n ,  t i v i t y ,%  
c re a t in ,% %

e s t e r a s e  p ro te a s e

6 .2 0 91008 8 0 .7 564250 500 1 2 .5 50 90 80
6 .2 4 83638 7 4 .5 521900 465 1 2 .4 54 87 75
6 .2 5 96720 8 5 .6 604500 535 1 2 .6 59 92 85
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TABLE 2 Thermodynamic constants of native and immobilized pancreatin

Enzymic p r e p a -  Thermodynamic 
r a t i o n s  c o n s ta n ts

T em p era tu re , °C

4 5 50 55 60 65 70

n a t i v e  p r e ­
p a r a t io n

1 .  C o n s ta n t o f in a c -  -  9*3+ 0.5  13*0+0.7  26.7+1*5 -
t i v a t i o n  o f - f a s t *
s ta g e  K^MO^ min-

2 . C o n s ta n t o f  i n a c t i -  1 .3 + 0 .0 7  0 .73+ 0*0^ 0 .8 + 0 .0 4  0 .7 5 + 0 .0 4  
v a t io n  o f slow  s ta g e

• 102 min~1 ________________________________________ _
5 . A c t iv a t io n  e n e rg y  o f  8 4 .8 + 4 .2  ( f a s t  s ta g e )

i n a c t i v a t i o n  p r o c e s s ,  k J /m o le 6 6 .2 + 5 .3  (s lo w  s ta g e )

Im m o b ilized  1 . C o n s ta n t o f  i n a c t i -  
p r e p a r a t i o n  ^ 2 ° ^  StoSe

2 . C o n s ta n t o f  i n a c t i ­
v a t io n  o f  slow  s ta g e  
Kj_ • 102 m in-1

J .  A c t iv a t io n  e n e rg y  o f

2 .6 + 0 .1  5*5+0.3  1 4 .0 + 0 .7  22+1*1

0 .2 2 + 0 .0 1  0 .6 7 + 0 .0 3  0 .4 1 + 0 .0 2  0 .4 7 + 0 .0 2  1*5+ .02

i n a c t i v a t i o n  p r o c e s s ,  k J/m o le
113*1+5*7 ( f a s t  s ta g e )  
12 1 .4 + 6 .1  (s lo w  s ta g e )

 ̂ I n c u b a t io n  o f  enzymes was co n d u c ted  in  0 .1  M t r i s - b u f f e r ,  pH 7*5 

RESULT'S AIR) DISCUSSION

I t  i s  known t h a t  one o f  th e  m ost s im p le  and r e l i a b l e  n e th o d s  o f  enzyme f i x a t i o n  on th e  

c a r r i e r  s u r f a c e  i s  fo rm a tio n  o f c o v a le n t  l i n k  o f  f u n c t i o n a l  c a r r i e r  g ro u p s w ith  f r e e  ami11 

and c a rb o x y l g ro u p s o f  an enzym e.

F o r a c t i v a t i o n  o f  c a rb o x y l g ro u p s o f CMC, w a te r - s o lu b le  c a rb o d iim id s  can be u se d , such  aS 

1 - e t h y l - 3 -  (3  -  d im e th y la m in o p ro p y l)  -  c a rb o d iim id  (CD), w hich upon accom plishm ent o f 

f i x a t i o n  p r o c e s s  i s  rem oved from  r e a c t i o n  medium by d i a l y s i s  o f  th e  o b ta in e d  c o n ju g a te
aS

a g a in s t  d i s t i l l e d  w a te r  (S h re d e r  and Lubke, 1 9 6 7 ) . In  o u r  c a se  t h i s  m ethod o f  f i x a t i o n  w 

c h o se n .

The h ig h e s t  s o lu b le  c o n c e n t r a t io n  o f  CMC in  0 .0 5  M p h o sp h a te  b u f f e r  a t  pH 8 .2  i s  2 .5  * 

10” % ,  o f  p a n c r e a t in  -  1 x 10-4 M. The r e a c t i o n  o f  l in k in g  o f  enzyme w ith  c a r r i e r  a t  theS® 

c o n c e n t r a t io n s  d u r in g  5 h o u rs  a t  t=4°C showed, t h a t  p a n c r e a t in  bounds w ith  po lym er by 

o f  i t s  i n i t i a l  am ount, p r e s e r v in g  enzym ic a c t i v i t y  to  95%*

77hen pH o f  th e  b u f f e r  s o lu t io n  i s  low ered  to  7*5» CMC i s  s o lu b i l i z e d  to  5 x  10 concali

t r a t i o n ,  p a n c r e a t in  -  to  1 x  10“ \ l ,  CD -  t o  2 x  10_2M. In c u b a t io n  a t  th e s e  c o n c e n t r a t i oJjS
, * ti®

d u r in g  5 h o u rs  a t  t=4°C  in c r e a s e s  th e  amount o f  enzyme, l in k e d  w ith  c a r r i e r ,  to  45/«

ße
i n i t i a l  v a lu e .

I n c r e a s e  o f  in c u b a t io n  tim e  to  18 h o u rs  u n d er ab o v e-m en tio n ed  c o n d i t io n s  a llo w s  to  i*10 

th e  amount o f  l in k e d  p r o t e i n  t o  5 4 -5 % , a c h ie v e in g  a c t i v i t y  o f  88-92% o f  th e  i n i t i a l
n t 0*F u r th e r  in c r e a s e  i n  in c u b a t io n  tim e  o f r e a c t i o n  mix to  48 h o u rs  d i d n ' t  r a i s e  th e  awoun 

CM C-linked p a n c r e a t in ,  and enzym ic a c t i v i t y  lo w ered  to  80% o f  th e  i n i t i a l  v a lu e .  Thus» 

optimum c o n d i t io n s  o f  th e  r e a c t i o n  a r e :  c o n c e n t r a t io n  o f  CMC -  5 x 10 M, o f p a n c re a  

1 x 10"4!!, o f  CD -  2 x  10“ 2 , in c u b a t io n  tim e  -  18 h o u rs  a t  t= 4°C .

The o b ta in e d  c o n ju g a te  o f  p a n c r e a t in  w i th  CMC c o n ta in s  3 f r a c t i o n s :  one -  w ith  mw
2 7 - 3O
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^ r e s p o n d in g  to  th e  m ain enzymes b e in g  p r e s e n t  i n  p a n c r e a t in  co m p o s itio n  -  t h a t  i s  to  

l ^ y p s i n  and ch y m o try p sin , w hich rem ained  in  c o n ju g a te  n o t  l in k e d  w ith  CMC by amid l in k s  

& two f r a c t i o n s  w ith  mw above 67-70  kDa, p ro b a b ly  c o rre s p o n d in g  to  th e  same enzymes and 

I ■'■ihked w ith  CMC by amid l i n k s .  The amount o f CM C-linked enzymes e q u a ls  50%.
^ im u m pH o f  th e  n a t iv e  p a n c r e a t in  i s  i n  th e  ra n g e  o f  7 . 5- 7 . 8 ; optimum pH o f im m o b ilized

PanCre a t in  s h i f t s  to  th e  more a c id  s id e ,  b e in g  in  th e  ra n g e  o f  7 . 0- 7 . 5 , w hich sh o u ld  be 
j| • -

in to  a c co u n t d u r in g  f u r t h e r  r e s e a r c h  o f  k i n e t i c  and o th e r  c h a r a c t e r i s t i c s  o f  imm obi-

Uze<l enzyme.
Pi

e * 1 amd 2 show c u rv e s  o f  d e p e n d e n c ie s  o f  t h e r m o s t a b i l i t y  o f m odel s o lu t io n s  o f  n a t iv e  

911(1 im m obilized  p a n c r e a t in  in  0 .1  M t r i s - b u f f e r .  I t  i s  i n t e r e s t i n g  to  n o te ,  t h a t  b o th  n a -  

e and im m o b ilized  p a n c r e a t in  have two c l e a r l y  e x p re s s e d  f u n c t io n s  -  th e rm o la b ile  and 

erm ostab le  o n e s . S im i la r  dependence i s  c h a r a c t e r i s t i c  o f th e  m ost p a r t  o f  im m o b ilized  

p r e p a r a t i o n s ,  how ever, i t  i s  n o t  o f te n  o b se rv e d  i n  c a se  o f  n a t iv e  enzyme, w hich
I

etlzjTae

Pïob

P o s i t

Cïeat 

Ih

ably  car. be e x p la in e d  by s e l f - im m o b i l iz a t io n  o f enzymes b e in g  p a r t  o f p a n c r e a t in  com- 

io n .  T h is  phenomenon i s  p ro b a b ly  cau sed  by h y d ro p h o b ic  p r o t e i n - p r o t e i n  i n t e r r e l a t i o n

Van d e r  V7al f o r c e s  e f f e c t .  I t  can  be supposed  t h a t  p ro lo n g e d  a c t i v i t y  o f n a t iv e  p a n -  

ln  i n  a  human o rgan ism  i s  due to  th e  p re s e n c e  o f  a th e rm o s ta b le  f r a c t i o n  in  i t .

a° t iv a t i o n  o f  b o th  n a t iv e  and im m o b ilized  p a n c r e a t in  s u b je c t s  to  th e  A rre n iu s  e q u a tio n
ill -yy.

e te m p e ra tu re  ran g e  45 -65°C . The o b ta in e d  i n a c t i v a t i o n  c o n s ta n ts  and a c t i v a t i o n  en erg y  

e P ro c e s s  a re  g iv e n  in  t a b l e  2 . At th e  te m p e ra tu re  below  50°C f o r  n a t iv e  enzyme and

î i g
1 Dependence o f  a c t i v i t y  lo g ary th m  o f  n a t iv e  p a n c r e a t in  on in c u b a t io n  tim e  i n  0 .1  M 

t r i s - b u f f e r

1 ~ 2 -  45°C , 3 -  50°C, 4 -  55°C, 5 -  60°C
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Fig. 2 Dependence of logarythm of activity of immobilized pancreatin on time of incuba-
t i o n  i n  0 .1  M t r i s - b u f f e r

1 -  45°C, 2 -  50°C, 3 -  55°C, 4 -  60°C , 5 -  65°C, 6 -  70°C

below 55°C fo r  immobilized enzyme both  f r a c t io n s  merge in to  some "mean" one w ith  the c°r 

responding mean in a c t iv a t io n  c o n s ta n ts . As seen from ta b le  2, im m obilization  of pancrea 

in c re a se s  i t s  th e rm o s ta b ility  by 1 .5 -3  tim es, and consequently , in c re a se s  time of i t s  

a c tio n .

Tile 

the E
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