
CHAPTER I I I

R E S U L T S

3 .1  P u r if ic a t io n  o f  p e r o x id a se  fro m  c a ssa v a  p a ren ch y m a

3 .1 .1  A m m o n i u m  s u l f a t e  p r e c i p i t a t i o n

P e ro x id a se  fro m  c a ssa v a  p a re n c h y m a  w a s  p u rif ie d  a c c o rd in g  to  th e  

m e th o d s  o u tl in e d  in  sec tio n  2.4 . T h e  c ru d e  en zy m e  p re p a re d  fro m  4 5 0 0  g o f  

p a re n c h y m a  w a s  seq u e n tia lly  p re c ip ita te d  w ith  am m o n iu m  su lfa te  a t 0 -4 0 %  a n d  40 - 

8 0 %  sa tu ra tio n . T h e  h ig h e s t sp ec ific  a c tiv ity  w as  fo u n d  in  th e  p re c ip ita te  f ro m  40 - 

8 0 %  a m m o n iu m  su lfa te  sa tu ra tio n  (F ig . 7). T h is  s tep  gav e  103%  a c tiv ity  y ie ld  an d

2 .0 2  fo ld s  o f  p u rif ic a tio n  (T ab le  2).

3 . 1 .2  C o n c a n a v a l i n  A  c o lu m n  c h r o m a t o g r a p h y

F u rth e r  p u rif ic a tio n  o f  th e  en zy m e  w as  p e rfo rm e d  b y  a ffin ity  

c h ro m a to g ra p h y  o n  C o n c a n a v a lin  A  S ep h a ro se  4B  co lu m n . M o s t o f  th e  p ro te in s  

(p eak  I) d id  n o t b in d  to  th e  C o n c a n a v a lin  A  co lu m n  an d  co n ta in e d  o n ly  sm all a m o u n t 

o f  p e ro x id a se  a c tiv ity  (F ig . 8). T he  b o u n d  f rac tio n s  c o n ta in in g  p e ro x id a se  w a s  e lu ted  

as  s in g le  m a jo r  p e a k  (p eak  II) w ith  0.3 M  a -D -m e th y l g lu c o p y ra n o s id e . W h e n  th e  

c o lu m n  w a s  fu r th e r  e lu te d  w ith  0.5 M  a -D -m e th y l g lu c o p y ra n o s id e , no  m o re  

p e ro x id a se  a c tiv ity  w a s  d e tec ted .

W h e n  th e  u n b o u n d  p e a k  w a s  re lo a d e d  to  th e  sam e  C o n c a n a v a lin  A  

c o lu m n  w h ic h  w a s  re -e q u ilib ra te d , th e  p ro te in  p e a k  w ith  th e  p e ro x id a se  ac tiv ity  

re m a in e d  u n b o u n d . E lu tio n  w ith  0.3 M  a -D -m e th y l g lu c o p y ra n o s id e  y ie ld e d  no  

b o u n d  fra c tio n s  w ith  p e ro x id a se  ac tiv ity  (F ig . 9 ), in d ica tin g  th a t p e a k  I fro m  th e  f irs t
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%  A m m onium  su lfa te  sa tu ration

F ig . 7 T h e  sp ec ific  a c tiv ity  o f  p e ro x id a se  in  th e  c ru d e  ex tra c t o f  c a ssa v a  

p a re n c h y m a  an d  th e  f rac tio n s  o b ta in e d  by  am m o n iu m  su lfa te  f ra c tio n a tio n  

บ  =  U n it a c tiv ity  =  C h an g e  o f  o n e  a b so rb a n c e  u n it a t 465  n m  p e r  m in

1
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T a b le  2 P u r if ic a t io n  o f  p e r o x id a se  fro m  ca ssa v a  tu b ers

S am p le T o ta l
p ro te in

(m g)

T o ta l
ac tiv ity
(U n it)

S p ec ific
ac tiv ity

(U n it/m g )

%
Y ie ld

P u rif ic a tio n
fo ld

C ru d e  e n zy m e 42 9 15028 35 100 1

4 0 -8 0 % (N H 4)2S O 4 218 15472 71 103 2

C o n -A  S e p h a ro se 3.9 1932 49 5 .3 12.8 14

S e p h a d e x  G -2 0 0 1.9 1077 .4 56 0 .6 7.2 16
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F ig . 8 C o n c a n a v a lin  A  S ep h a ro se  c h ro m a to g ra p h ic  p ro f ile  o f  4 0 -8 0 %  a m m o n iu m

su lfa te  p re c ip ita te d  fra c tio n  o f  p e ro x id a se  fro m  c a ssa v a  ro o t p a ren ch y m a .

- 0 -  p ro te in  A 2 80, ~Ék. p e ro x id a se  ac tiv ity  A 465
H  th e  p e ro x id a se  f rac tio n s  b e in g  p o o le d  
M G  =  m e th y l a -D -g lu c o p y ra n o s id e  
F ra c tio n  s ize  =  3 m l
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F raction  num bers
- A 2 0 8 T it -  A 465

F ig . 9 C o n c a n a v a lin  A  S ep h a ro se  c h ro m a to g ra p h ic  p ro f ile  o f  re lo a d e d  u n b o u n d  

p ro te in  p e a k

-© -p ro te in  A 2 8 0  -ๆà r -p e ro x id a se  ac tiv ity  A 4 65

M G  =  m e th y l a -D -g lu c o p y ra n o s id e

F ra c tio n  size  =  3 m l
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run w a s  n o t  a  r e su lt  o f  o v e r lo a d in g  p r o te in s . T h e r e fo r e , th ere  w e r e  tw o  fr a c tio n s  o f  

th e  p e r o x id a s e  a c t iv ity , n a m e ly  C o n -A  b o u n d  an d  C o n -A  u n b o u n d  p e a k s  (F ig . 9 ). 

S in c e  th e  b o u n d  fr a c tio n  h ad  a  h ig h e r  s p e c if ic  a c t iv ity , it w a s  fu rther p u r ified .

3 . 1 .3  S e p h a d e x  G - 2 0 0  c o lu m n  C h r o m a t o g r a p h y

T h e  b o u n d  fra c tio n  fro m  th e  C o n c a n a v a lin  A  c o lu m n  w a s  d ia ly z e d  and  

c o n c e n tr a te d  b y  u s in g  a q u a -so rb  b e fo r e  lo a d e d  o n to  a  S e p h a d e x  G -2 0 0  c o lu m n . T h e  

p r o te in  an d  a c t iv ity  p r o f ile s  w e r e  s h o w n  in  F ig . 10 . T h e  fra c tio n s  w ith  th e  p e r o x id a se  

a c t iv ity  w e r e  p o o le d . T h e  p u r if ic a tio n  o f  c a s s a v a  p a r e n c h y m a  p e r o x id a s e  w a s  

su m m a r iz e d  in  th e  T a b le  2 . T h e  e n z y m e  w a s  p u r ifie d  16 fo ld s  w ith  7 .2 %  a c t iv ity  

y ie ld .

3 . 1 .4  N o n - d e n a t u r i n g  a n d  S D S - P A  G E

T h e  n o n -d e n a tu r in g  P A G E  o f  th e  e n z y m e  fra c tio n s  fro m  e a c h  s tep  o f  

th e  p u r if ic a tio n  w a s  p e r fo rm ed  as d e sc r ib e d  in  s e c t io n  2 .8 .2 .  T h e  a c t iv ity  s ta in  o f  th e  

p e r o x id a se  in  e a c h  p u r if ic a tio n  s tep  r e v e a le d  a  se r ie s  o f  p e r o x id a se  b a n d s (F ig . 11). 

O n e  m a jo r  b a n d  ( s lo w  m o v in g )  w a s  re ta in e d  th ro u g h o u t th e  p u r ifica to n . T h e  fa st  

m o v in g  b an d  w a s  lo s t  d u r in g  th e p u r ifica tio n . P ro te in  s ta in in g  o f  th e  e n z y m e  w a s  

b a r e ly  d e te c ta b le  (F ig . 12 ).

T h e  S D S -P A G E  o f  th e  e n z y m e  fra c tio n s  fro m  e a c h  s tep  o f  th e  

p u r if ic a tio n  w a s  p e r fo r m e d  as d e sc r ib e d  in  s e c t io n  2 .8 .1 .  T h e  p r o te in  s ta in  o f  th e  

p e r o x id a se  in  e a c h  p u r if ic a tio n  step  is  s h o w n  in  F ig . 13 . P u r ifie d  c a s s a v a  p e r o x id a se  

fro m  p a r e n c h y m a  s h o w e d  1 p ro te in  b a n d  w ith  th e  m o le c u la r  w e ig h t  in  d en atu rin g

sta te  o f  5 4  k D .
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F raction  num ber

A 465 —O—  A 2 8 0

F ig . 10  S e p h a d e x  G -2 0 0  c h ro m a to g ra p h ic  p r o f ile  o f  c o n c e n tr a te d  e n z y m e  fro m  

C o n c a n a v a lin  A  S e p h a r o se  co lu m n .

F r a c tio n  s iz e  =  2 .4  m l

1 =
2  =
3 =
4 =
5 =
6 =

H -

B lu e  d extran  
A ld o la s e
B o v in e  seru m  a lb u m in  
C h y m o tr y p s in o g e n  
R ib o n u c lé a se  
D N P -ly s in e
th e  p e r o x id a se  fra c tio n s  b e in g  p o o le d

M W  =  158  k D a  
M W  =  6 8  k D a  
M W  =  2 7  k D a  
M W  =  1 3 .7  k D a

A 2
80
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F ig . 11 P e r o x id a s e  a c t iv ity  s ta in  o f  N o n -d e n a tu r in g  P A G E  o f  e a c h  p u r ifie d  

p r o te in s  o f  c a s sa v a  p a r e n c h y m a  

L a n e  1 =  C ru d e ex tra ct  

L a n e  2  =  4 0 -8 0 %  a m m o n iu m  su lfa te  p r ec ip ita te

L a n e  3 =  C o n c a n a v a lin  A , b o u n d  p e a k  

L a n e  4  =  S e p h a d e x  G -2 0 0  

A m o u n t lo a d e d  in  la n e s  2 -4  =  0 .2  บ ,  la n e  1 = 0 ,1  u
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F ig . 12 P e r o x id a se  a c t iv ity  and  p r o te in  s ta in  o f  N o n -d e n a tu r in g  P A G E  o f  p u r ifie d  

p r o te in  fro m  S e p h a d e x  G -2 0 0  

L a n e  1 =  P e r o x id a se  a c tiv ity  s ta in  (0 .2  บ )

L a n e  2  =  P e r o x id a se  p ro te in  s ta in  ( 2  p g )
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F ig . 13 P ro te in  s ta in  o f  S D S -P A G E  (1 0 % ) o f  fra c tio n s  fro m  th e  p u r if ic a tio n  o f  

p e r o x id a s e  fro m  c a ssa v a  p a r e n c h y m a  

L a n e  1 =  stan d ard  p ro te in  m ark ers (1 0  p g )

L a n e  2  =  cru d e ex tra ct (1 0  p g )

L a n e  3 =  4 0 -8 0 %  a m m o n iu m  su lp h a te  p e rc ip ita te  (2 0  p g )

L a n e  4  =  C o n c a n a v a lin  A , b o u n d  p e a k  (1 0  p g )

L a n e  5 =  S e p h a d e x  G -2 0 0  (1 0  p g )
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3 .2  C h a r a c te r iz a tio n  o f  c a ssa v a  p a r e n c h y m a  p e r o x id a se

3 .2 .1  D e t e r m in a t i o n  o f  m o le c u la r  w e ig h t

T h e  n a tiv e  m o le c u la r  w e ig h t  o f  th e  p u r if ie d  p e r o x id a se  fr o m  c a ssa v a  

p a r e n c h y m a  w a s  d e te r m in e d  b y  c h ro m a to g ra p h y  o n  a  S e p h a d e x  G -2 0 0  g e l  filtra tio n  

c o lu m n  (F ig . 1 4 ). T h e  c o lu m n  w a s  ca lib ra ted  w ith  stand ard  m ark ers p r o te in s  as  

m e n tio n e d  in  s e c t io n  2 .5 .3 .  F ro m  th e  c a lib r a tio n  c u rv e , th e  m o le c u la r  w e ig h t  o f  th e  

c a s s a v a  p e r o x id a s e  w a s  e x tim a te d  at 105  k D . Its e le c tr o p h o r e t ic  m o b il ity  o n  S D S -  

P A G E  w a s  c o m p a r e d  w ith  th o s e  o f  stand ard  p r o te in s  u n d er  th e  s a m e  c o n d it io n s  (F ig .  

13). A  p lo t  o f  R f  v e r su s  th e  lo g a r ith m  o f  m o le c u la r  w e ig h ts  o f  th e  stan d ard  p r o te in s  

w a s  lin ea r  (F ig . 15 ). B a se d  o n  th e  R f  v a lu e , th e  p u r ified  c a s s a v a  p e r o x id a se  h ad  a 

su b u n it m o le c u la r  w e ig h t  o f  5 4  k D . T h e  d ata  o n  th e  n a tiv e  an d  th e  su b u n it m o le c u la r  

w e ig h ts  in d ic a te d  th at th e  p u r ified  p e r o x id a se  fro m  c a s s a v a  p a r e n c h y m a  w a s  a  d im er  

o f  th e  5 4  k D  su b u n it.

3 . 2 .2  D e t e r m in a t i o n  o f  i s o e le c t r i c  p o i n t  ( p i )

T h e  p u r if ie d  c a s sa v a  p e r o x id a se  w a s  a n a ly z e d  fo r  its  p i  v a lu e  b y  

iso e le c tr o  fo c u s in g  o n  p o ly a c r y la m id e  g e l  a s  d e sc r ib e d  in  s e c t io n  2 .8 .3 .  T h e  

p e r o x id a s e  w a s  d e te c te d  b y  a c t iv ity  s ta in  o f  IE F  g e l  and  th e  p attern  w a s  s h o w n  in  F ig . 

16 , r e v e a lin g  5 is o e n z y m e s . S tan dard  p r o te in s  w ere  run o n  th e  s a m e  g e l , b u t w e r e  

sta in e d  fo r  p r o te in s  w ith  C o o m a s s iv e  b lu e  an d  a  stand ard  cu rv e  w a s  c o n s tr u c te d  as  

s h o w n  in  F ig . 17 . T h e  m a jo r  i s o z y m e  co r r e sp o n d e d  to  p i  5 .4  an d  p i ’s o f  o th er  m in o r  

i s o z y m e s  w e r e  5 .1 ,  5 .2 ,  5 .8  an d  6  r e sp e c t iv e ly .
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Kav

F ig . 14 M o le c u la r  w e ig h t  ca lib ra tio n  cu rv e  o b ta in e d  fro m  c h r o m a to g r a p h y  o n

S e p h a d e x  G -2 0 0  c o lu m n

A id  =  A ld o la s e  
B S A  =  B o v in e  seru m  a lb u m in  
C h y  =  C h y m o tr y p s in o g e n  
R ib o  =  R ib o n u c lé a se

M W  = 1 5 8  k D a  
M W  =  6 8  k D a  
M W  =  2 7  k D a  
M W  =  1 3 .7  k D a

A r r o w  in d ic a te s  th e  K a v  o f  p e r o x id a se  fro m  p a r e n c h y m a



Relative mobility ( R f )

F ig . 15 M o le c u la r  w e ig h t  ca lib ra tio n  cu r v e  o b ta in e d  fro m  S D S -P A G E  

P h o s  b  =  P h o sp h o r y la se  b  M W  =  9 4  k D a

B S A  =  B o v in e  seru m  a lb u m in  M W  =  6 8  k D a

O v a l =  O v a lb u m in  M W  =  4 3  k D a

C y t C  =  C y to c h r o m e  c  M W  = 1 2 .5  k D a

A r r o w  in d ic a te s  th e  p o s it io n  o f  p e r o x id a se  fro m  p a r e n c h y m a
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F ig . 16 I s o e le c tr o  fo c u s in g  g e l  e le c tr o p h o r e s is  o f  p u r ified  p e r o x id a se  i s o z y m e  A

fr o m  c a s s a v a  tu b ers.

L a n e  A  =  p u r ifie d  p e r o x id a se  
L a n e  M  — stand ard  p i  m ark ers  
G lu c o s e  o x id a s e  p i  =  4 .2  
T r y p s in  in h ib ito r  p i  =  4 .6  
(3 -L a c to g lo b u lin  A  p i  =  5.1  
C a rb o n ic  a n h y d ra se  II p i  =  5 .4  
C a rb o n ic  a n h y d ra se  II p i  =  5 .9  
C a rb o n ic  a n h y d ra se  I p i  =  6 .6
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p i

F ig . 17  C a lib ra tio n  cu rv e  o f  stand ard  p i  m ark ers fro m  iso e le c tr o  fo c u s in g  g e l  

e le c tr o p h o r e s is

A r r o w s  in d ic a te  th e  p o s it io n s  o f  b a n d s o f  p e r o x id a se  fro m  p a r e n c h y m a
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3 . 2 .3  D e t e r m in a t i o n  o f  c a r b o h y d r a t e  c o n t e n t

T o determ ine w hether the cassava  p eroxidase w as a g lycoprotein , 

carbohydrate content o f  the en zym e w as m onitered both qualitatively  and 

quantitatively b y  P A S  staining o f  the p eroxidase on  polyacrylam ide g e l and neutral 

sugar determ ination b y  phenol-su lfu ric m ethod resp ectively .

3 .2 .3 .1  P A S  stain o f  the en zym e

The proteins from  each  purification  step w as electrophoresed  

on S D S -P A G E  w ith  standard proteins and stained for g lycop rotein s u sin g  P A S  stain  

as described  in sectio n  2 .18 . Standard proteins P hosphorylase b, b ov in e  serum  

album in, ova lb u m in  and cytochrom e c w ere used  as n egative  control. The fraction  

bound C on -A  w a s u sed  as p o sitiv e  control. The purified p eroxid ase w as p o sitiv e  for 

P A S  stain w h ile  non  o f  the standard proteins sh ow ed  up on  P A S stain (F ig. 18).

3 .2 .3 .2  D eterm ination o f  neutral sugar content by ph en ol-su lfu ric

m ethod

The neutral sugar content o f  the purified cassava  p eroxidase  

w as determ ined by the phenol-su lphuric acid  m ethod as described  in section  2 .15 . 

M an n ose at d ifferent concentrations w ere used  to construct a standard curve  

(A p p en d ix  D ). P eroxidase from  cassava  w as found to contain  h igh  am ount o f  

carbohydrate. D eterm ination  o f  carbohydrate content o f  horseradish p eroxid ase w as 

a lso  included  in the experim ent as p o sitiv e  control (F ig . 19), the result w as sh ow n  in  

T able 3. Parallel determ ination o f  carbohydrate content o f  H R P gave the va lu e o f  

10.9%  พ /พ  w h ich  agreed w ith  the va lue reported by S ilv a  (73).
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F ig . 18 P A S  s ta in in g  o f  p u rif ie d  p e ro x id a se  fro m  c a ssa v a  p a re n c h y m a  

(S D S ; 10%  gel)

L a n e  A  =  s tan d ard  m ark e rs ; N e g a tiv e  co n tro l 

L a n e  B  =  C o n -A , b o u n d  p eak ; P o s itiv e  co n tro l (20  p g )

L a n e  c =  P u rif ie d  p e ro x id a se  fro m  G -2 0 0  (5 p g )
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Protein (jj, g)

F ig . 19. T o ta l c a rb o h y d ra te  (C H O ) o f  c a ssa v a  p e ro x id a se  an d  h o rse ra d ish  

p e ro x id a se  (H R P ) b y  p h e n o l-su lfu r ic  a c id  m e th o d  

" • -  h o rse ra d ish  p e ro x id a se  

-A — c a ssa v a  p a re n c h y m a  p e ro x id a se
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T a b le  3 C a r b o h y d r a te  c o n ten t o f  c a ssa v a  p ero x id a se

P ro te in %  o f  ca rb o h y d ra te  (พ /พ )

H o rse  ra d ish  p e ro x id a se 1 0 .9 (7 3 )

C a ssa v a  p e ro x id ase 292 .3

3 %  T F M S -tre a te d  p e ro x id a se 146.2

6 %  T F M S -tre a te d  p e ro x id a se 29 .4

พ /พ  =  w e ig h t o f  c a rb o h y d ra te /w e ig h t o f  p ro te in
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3 . 2 .4  U V - v i s ib le  a b s o r p t io n  s p e c t r u m

L ig h t a b so rp tio n  o f  th e  p u rif ie d  c a s sa v a  p e ro x id a se  an d  h o rse  rad ish  

p e ro x id a se  w e re  p e rfo rm e d  in  th e  ra n g e  2 0 0  to  800  n m  an d  th e ir  sp e c tra  w e re  sh o w n  

in  F ig . 20 . H o rse  ra d ish  p e ro x id a se  e x h ib ite d  a  d is tin c t ab so rb a n c e  p e a k  a t 40 2  nm . 

P u r if ie d  c a s sa v a  p e ro x id a se  sp ec tra  e x h ib ite d  a  d is tin c t a b so rb an ce  p e a k  a t 398 nm .

3 .3  P a r tia l d e g ly c o sy la tio n  o f  c a ssa v a  p e r o x id a se

P u rif ie d  c a s sa v a  p e ro x id a se  w e re  d e g ly c o sy la te d  w ith  T F M S  as d e sc r ib e d  in  

sec tio n  2 .9 . T o  d e te rm in e  th e  su itab le  te m p e ra tu re  fo r  p e rfo rm in g  d e g ly c o sy la tio n , a  

p re lim in a ry  e x p e rim e n t w as  p e rfo rm e d  o n  d e g ly c o sy la tio n  o f  p e ro x id a se  w ith  3% 

T F M S  a t 0 °c  a n d  37°c  (F ig . 21). It w as  fo u n d  th a t d e g ly c o sy la tio n  a t 37°c cau sed  

g re a te r  a c tiv ity  lo ss  th e re fo re , fu rth e r  e x p e rim e n t o n  d e g ly c o sy la tio n  w e re  p e rfo rm e d  

a t 0°c. V a rie d  a m o u n ts  o f  th e  en zy m e  w ere  tre a te d  w ith  3% an d  6% (v /v ) T F M S  at 

0 °c  an d  th e  c a rb o h y d ra te  co n ten ts  d e te rm in ed . P h en o l su lfu ric  a ssay  sh o w e d  th a t th e  

c a rb o h y d ra te  c o n te n t o f  c a ssa v a  p e ro x id a se  d e c rea sed  to  5 0 %  an d  9 0 %  w h e n  tre a te d  

w ith  3% an d  6 %  T F M S  re sp e c tiv e ly  (F ig . 2 2 ), an d  %  o f  c a rb o h y d ra te  w as  ca lcu la te  

in  T a b le  3. T h e  p e ro x id a se  a c tiv ity  o f  th e  6% T F M S  tre a te d  e n z y m e  w a s  a lm o st 

c o m p le te ly  lo s t w h ile  th e  ac tiv ity  o f  3% T F M S  tre a te d  fra c tio n  d e c re a se  to  50 %  (d a ta

n o t sh o w n ).
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F ig . 2 0  u v -v is ib le  a b so rp tio n  sp ec tru m  o f  c a ssa v a  p e ro x id a se

(A ) sp e c tru m  o f  h o rse ra d ish  p e ro x id a se  (8 0 0  p g )

(B ) sp e c tru m  o f  p u rif ie d  c a s sa v a  p e ro x id a se  (8 0 0  p g )
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F ig . 21 T o ta l a c tiv ity  o f  p e ro x id a se  fro m  c a ssa v a  p a re n c h y m a  a f te r  p a rtia l 

d e g ly c o sy la tio n  b y  T F M S

( A )  in c u b a te d  a t 0 ° c ,  6 0  m in
( B )  in c u b a te d  a t 3 7 ° c ,  6 0  m in

N a tiv e  p e ro x id a se  
-A — 3%  T F M S -tre a te d  p e ro x id a se
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F ig . 22  T o ta l c a rb o h y d ra te  (C H O ) o f  p e ro x id a se  a f te r  p a r tia l d e g ly c o sy la tio n  

w ith  T F M S

N a tiv e  p e ro x id a se  a t 0 ° c  

- à r - 3 %  T F M S -tre a te d  p e ro x id a se  a t 0 ° c

6 %  T F M S -tre a te d  p e ro x id a se  a t 0 ° c
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3 .4  C o m p a r a tiv e  c h a r a c te r iza tio n  o f  n a tiv e  a n d  d e g ly c o sy la te d  ca ssa v a

p e r o x id a se

T h e  e n z y m e  d eg ly c o sy la te d  w ith  3%  T F M S  w as  u se d  fo r fu rth e r  s tu d ie s  in  

c o m p a riso n  w ith  n a tiv e  en zy m e. A lth o u g h  6%  T F M S  re m o v e d  m o re  c a rb o h y d ra te , 

th e  e n z y m e  a c tiv ity  w as  g rea tly  lo s t to  a  lev e l w h ic h  w as  n o t su itab le  fo r  b io ch em ica l 

s tu d ies .

3 .4 .1  U V - V I S  a b s o r p t io n  s p e c t r u m

T h e  u v -v is ib le  a b so rp tio n  sp ec tru m  o f  d e g ly c o sy la te d  e n zy m e  also  

c h an g ed . T h e  d is t in c t  a b so rp tio n  a t 398 n m  d e c rea sed  u p o n  d e g ly c o sy la tio n  (F ig .2 3 ).

3 . 4 .2  M o b i l i t y  o n  N D - P A  G E  a n d  S D S - P A  G E

T h e  n a tiv e  an d  d e g ly c o sy la te d  e n zy m e  w ere  ru n  o n  N D -P A G E  an d  SD S 

P A G E , th e  p e ro x id a se  w as d e te c te d  b y  a c tiv ity  s ta in in g  an d  th e  p a tte rn  w a s  sh o w n  in 

F ig . 24 . M o b ility  o f  d eg ly c o sy la te d  e n zy m e  on  5%  N D -P A G E  a n d  7 -1 2 %  S D S - 

P A G E  se e m e d  to  b e  s lig h tly  d iffe re n t f ro m  th e  n a tiv e  e n zy m e , b u t it w as  d iff ic u lt to  

c o n firm  th e  d iffe re n c e  s in ce  th e  b a n d  in te n s ity  w e re  a lso  d iffe ren t. S am p le  u se d  in  

S D S  g e l in  th e  e x p e rim e n t w as  n o t h e a te d  b e c a u se  it w as  p re p a re d  fo r  a c tiv ity  s ta in ed

3 . 4 .3  I s o e le c t r i c  p o i n t  ( p i )

N a tiv e  an d  d e g ly c o sy la te d  c a s sa v a  p e ro x id a se  w ere  a n a ly z e d  fo r  th e ir  p i 

v a lu e s  b y  iso e le c tro  fo c u s in g  on  p o ly a c ry la m id e  gel as  d e sc r ib e d  in se c tio n  2 .8 .3 . T he

p e ro x id a se  w as  d e te c te d  b y  ac tiv ity  s ta in  o f  IE F  gel an d  th e  p a tte rn  w as  sh o w n  in  F ig.\

25 . S tan d a rd  p ro te in s  w e re  ru n  o n  th e  sam e  ge l, b u t w e re  s ta in ed  fo r  p ro te in s  w ith  

C o o m a ss iv e  b lu e  an d  a  s ta n d a rd  cu rv e  w a s  c o n s tru c te d  as  sh o w n  in  F ig . 26 . T he  

m a jo r  iso z y m e  w ith  p i  5 .4  o f  d e g ly c o sy la te d  p e ro x id a se  w a s  n o t d iffe re n t f ro m  n a tiv e  

iso zy m e , th e  n e w  b a n d  iso z y m e  c o rre sp o n d e d  to  p i  5.3  w as  fo u n d  in  d e g ly c o sy la te d  

p e ro x id a se  b u t p i ’s o f  o th e r  m in o r  iso zy m e  w ere  th e  sam e  in  n a tiv e  iso zy m e .
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F ig . 23 U V -v is ib le  a b so rp tio n  sp ec tru m  o f  p u rif ie d  c a s sa v a  p a re n c h y m a  

p e ro x id a se

(A ) N a tiv e  p e ro x id a se  (2 0 0  p g )

(B ) 3 %  T F M S -tre a te d  p e ro x id a se  (200  p g )
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A B

F ig . 24  P e ro x id a se  ac tiv ity  s ta in  o f  m o b ili ty  o n  N D -P A G E  an d  S D S -P A G E

1 =  N a tiv e  p e ro x id a se

2 =  3 %  T F M S -tre a te d  p e ro x id a se

3 =  6 %  T F M S -tre a te d  p e ro x id a se  

A  =  N D -P A G E  (5% )

B  =  S D S -P A G E  (7 -1 2 %  g rad ien t; w ith o u t h ea tin g )
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F ig . 25 Iso e le c tro fo c u s in g  gel e le c tro p h o re s is  o f  n a tiv e  a n d  d e g ly c o sy la te d  

p e ro x id a se  fro m  c a ssa v a  p e ro x id a se  fro m  c a ssa v a  p a re n c h y m a  

L a n e  A  =  N a tiv e  p e ro x id a se  (0.1 p g )

L a n e  B =  3 %  T F M S -tre a te d  p e ro x id a se  (0.1 p g )

L a n e  M  =  s tan d a rd  p i  m a rk e rs

G lu c o se  o x id ase  p i  =  4 .2

T ry p s in  in h ib ito r  p i  =  4 .6

p -L a c to g lo b u lin  A  p i =  5.1

C a rb o n ic  a n h y d ra se  II p i  =  5.4

C a rb o n ic  a n h y d ra se  II p i  =  5.9

C a rb o n ic  a n h y d ra se  I p i  =  6.6
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F ig . 2 6  C a lib ra tio n  cu rv e  o f  s ta n d a rd  p i  m a rk e r  fro m  iso e le c tr ic  fo c u s in g  g e l 

e le c tro p h o re s is

in d ica te s  th e  p o s itio n  o f  n a tiv e  p e ro x id a se  

in d ica te s  th e  p o s itio n  o f  3 %  T F M S -tre a te d  p e ro x id a se
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3 . 4 .4  E ffe c t o f u r e a

N a tiv e  an d  d eg ly c o sy la te d  c a s sa v a  p e ro x id a se  w as  in c u b a te d  w ith  

v a r io u s  c o n c e n tra tio n s  o f  u re a  a t 2 5 ° c  fo r  10 m in . T h en , th e  e n z y m e  w as  a s sa y e d  fo r 

th e  re m a in in g  a c tiv ity  in  re a c tio n  m ix tu re  as d e sc r ib e d  in  se c tio n  2 .7 . T h e  re su lts  are  

sh o w n  in  F ig . 27 .

A t 6  M , u re a  can  in h ib it a c tiv itie s  o f  n a tiv e  an d  d e g ly c o sy la te d  

p e ro x id a sse , th e  re m a in in g  ac tiv itie s  w e re  a b o u t 3 0 %  an d  2 0 %  re sp e c tiv e ly .

3 . 4 .5  O p t im u m  p H

N a tiv e  an d  d e g ly c o sy la te d  c a s sa v a  p e ro x id a se s  w e re  a s sa y e d  at v a r io u s  

p H s  as d e sc r ib e d  in  sec tio n  2 .1 1 . T he  re su lts  w ere  sh o w n  in  F ig . 28 . B o th  en zy m e  

p re p a ra tio n s  sh o w e d  s im ila r  p a tte rn s  o f  p H  o p tim u m  w ith  h ig h e s t a c tiv ity  a t p H  5 an d  

th is  w as  d e f in e d  as  100%  ac tiv ity . In  th e  ac id ic  p H  ra n g e  o f  3 .0 -5 .0 , th e  ac tiv ity  

in c re a se d  ra p id ly . W h en  th e  p H  w as  in c re a se d  ab o v e  5, th e  ac tiv ity  d ro p p e d  sh a rp ly  

re a c h in g  n e a r ly  ze ro  a t p H  8 an d  b ey o n d .

3 . 4 .6  p H  s t a b i l i t y

T h e  e ffe c t o f  p H  o n  th e  ac tiv ity  o f  th e  c a s sa v a  p e ro x id a se  w as  

d e te rm in e d  b y  in c u b a tin g  a liq u o ts  o f  th e  p u rif ie d  p e ro x id a se  in  u n iv e rsa l b u ffe r  at 

v a r io u s  p H  v a lu e s  (3 to  11) fo r 24  hr. T h e  re a c tio n  m ix tu re s  w e re  th e n  a d ju s te d  to  p H

6 .8  fo r  e n z y m e  a ssa y  as  d e sc rib ed  in  sec tio n  2 .10 . It w as  fo u n d  th a t th e  n a tiv e  

p e ro x id a se  w as q u ite  s tab le  in  p H  ra n g e  o f  3 -1 1 , w ith  h ig h e s t s tab ility  a t p H  7. T he  

p a r tia l d e g ly c o sy la te d  p e ro x id a se  w as  m o re  s tab le  a t p H  5 (F ig . 29).
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F ig . 27  E ffe c t o f  u re a  o n  n a tiv e  an d  p a r tia l d e g ly c o sy la te d  c a s sa v a  p e ro x id a se

N a tiv e  an d  3%  T F M S -tre a te d  c a ssa v a  p e ro x id a se  w e re  in c u b a te d  w ith  

v a r io u s  c o n c e n tra tio n s  o f  u re a  a t 2 5 ° c  fo r  1 0  m in . T h en , th e  en z y m e  w as  a s sa y e d  fo r 

th e  re m a in in g  ac tiv ity .
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F ig . 28 p H  o p tim u m  o f  n a tiv e  an d  p a rtia l d e g ly c o sy la te d  c a s sa v a  p a re n c h y m a  

p e ro x id a se

A c tiv ity  o f  p u rif ie d  en zy m e  w as  d e te rm in e d  a t v a r io u s  p H  v a lu e s , 3-11 by  

u s in g  D A B  as su b s tra te . T h e  p e rc e n ta g e  o f  re la tiv e  a c tiv ity  w as  c a lc u la te d  b y  u s in g  

m a x im u m  a c tiv ity  o f  en z y m e  as 100%

-© - Native peroxidase -A— 3% TFMS-treated peroxidase
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F ig . 29  p H  s ta b ility  o f  n a tiv e  an d  p a rtia l d e g ly c o sy la te d  c a s sa v a  p a re n c h y m a  

p e ro x id a se

A liq u o ts  o f  th e  en zy m e  w ere  p re in c u b a te d  a t 4°c fo r  24 h r  a t v a r io u s  p H  

v a lu e s , 3-11 b e fo re  b e in g  a ssa y e d  fo r e n zy m e  ac tiv ity

N a tiv e  p e ro x id a se 3%  T F M S -tre a te d  p e ro x id a se
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3 . 4 . 7  O p t im u m  T e m p e r a t u r e

T he activ ities o f  native and d eg lycosy la ted  cassava  p eroxid ase w ere  

assayed  at various tem peratures as described  in section  2 .13 . The results w ere show n  

in  F ig. 30. T he activ ity  o f  the native cassava  p eroxidase w as h igh est at 6 5 ° c  and 

partial d eg ly co sy la ted  en zym e w as at 60°c. Increasing the assay  tem perature from  

6 0 ° c  to 7 0 ° c  resulted in  2 0 %  decrease in both native and d eg ly co sy la ted  cassava  

peroxidases.

ร . 4 . 8  T e m p e r a t u r e  S t a b i l i t y

T he stability  o f  the cassava  peroxidases at d ifferent tem peratures w ere  

studied as d escried  in  section  2.12. N ative  en zym e w as fairly stable w h en  kept at 

2 5°c  for 24 hr w ith  about 15% lo ss  o f  activ ity  (F ig. 31). The en zym e sh o w ed  a sligh t 

lo ss  o f  its activ ity  to 9 5 %  w hen incubated at 5 0 ° c  for 4 hr but co m p lete ly  lo ss  its 

activ ity  at 24 hr. Incubation o f  the en zym e at 60°c resulted in  about 95% activ ity  

lo ss  at 4 hr and com p lete  lo ss  at 8 hr.

T he partial d eg lycosy la ted  p eroxid ase w as a lso  quite stable at 2 5 ๐c  w ith  

30%  activ ity  lo ss  at 24  hr. The activ ities at 4 0 ° c  o f  both en zym e preparations 

decreased  to 4 5 %  at 24  hr. The partial d eg ly co sy la ted  en zym e lost its activ ity  m uch  

faster than n ative  en zym e at h igh  tem peratures. A t 5 0 ° c ,  the rem aining activ ities  

w ere about 4 0 %  at 4  hr and 0 %  at 1 6  hr w h ile  at 6 0 ° c  the en zym e activ ity  w as

nearly zero at 4  hr (F ig . 31).
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Fig. 30  O ptim um  temperature o f  native and partial d eg lycosy la ted  cassava  

p eroxidase

A ctiv ity  o f  purified en zym e w as determ ined at various tem peratures by  

u sin g  D A B  as substrate in  phosphate buffer pH  6 .8 . The percentage o f  relative  

activ ity  w as ca lcu lated  by using  m axim um  activ ity  o f  en zym e as 1 0 0 %

Native peroxidase 3% TFMS-treated peroxidase
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T im e (hr)

F ig. 31 Tem perature stability  o f  native and partial d eg ly co sy la ted  cassava  

p eroxid ase

T he purified  en zym e w as incubated in various tem peratures for 0 -2 4  hr, 

then the en zy m e activ ity  w as assayed.

Native peroxidase 3% TFMS-treated peroxidase



69

3 . 4 .9  C o m p a r is o n s  o f  k i n e t i c  c o n s ta n t s

V aried concentrations o f  several kn ow n  substrates for p eroxid ases  

n am ely  H 2O 2 , D A B , guaiacol, o -d ian isid ine, p yrogallo l and syringaldazine w ere  

incubated w ith  both native and d eg lycosy la ted  purified cassava  p eroxidase as 

described  in sec tio n  2 .19 . The data w ere plotted and k inetic  constants determ ined  

using  E nzfitter softw are. The results w ere sh ow n  in F igs. 32 - 37. The ca lcu lated  K m 

and v max for all substrates studied w ere sum m arized in T able 4 .

T he en zym e can also use con ifery l a lcoh ol as its substrate but the 

saturation p oin ts and K m cannot be determ ined (F ig. 38) due to in terference o f  

product m easurem ent at substrate concentration  higher than 7 pM  as sh ow n  in the 

absorption spectrum  (F ig. 39).

A scorbate, quercetin w ere a lso  tested, but they can not be u tilized  by

cassava  perox id ase
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B
L in e w e a v e r -B u rk  F il

Fig. 32  H 2O 2 saturation curve o f  p eroxid ase (A ) and its L inew eaver-B urk  P lot (B )
1 T he correlation co effic ien t =  0 .98  - p — N ative  p eroxidase
2 T he correlation co effic ien t =  0 .98  '"^"' 3% TFM S-treated p eroxidase



71

B
L in e w e a v e r -B u rk  F it

Fig. 33 D A B  saturation curve o f  p eroxidase (A ) and its L inew eaver-B urk  P lot (B )
1 T he correlation co effic ien t =  0 .98  -■ — N a tiv e  p eroxidase
2 T he correlation co effic ien t =  0 .98  3 % T F M S-treated p eroxidase
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B

L in e w e a v e r -B u ik  F it

Fig. 34  G uaiacol saturation curve o f  p eroxid ase (A ) and its L inew eaver-B urk  P lot 
(B)
1 T he correlation co effic ien t =  0 .9 7  - H — N ative  p eroxidase
2 T he correlation coeffic ien t =  0 .97  ‘-ésr- 3 % TFM S-treated p eroxid ase
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B

1

F ig. 35 O -D ianisidine saturation curve o f  p eroxidase (A ) and its L inew eaver-B urk  
P lot (B )
1 T he correlation co effic ien t =  0 .98  - f l — N a tiv e  p eroxidase
2 The correlation co effic ien t =  0 .98  •"ไ4 "  3 % TFM S-treated p eroxidase
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:

F ig . 36  P y ro g a llo l sa tu ra tio n  c u rv e  o f  p e ro x id a se  (A ) an d  its  L in e w e a v e r-B u rk  P lo t 
(B )
1 T h e  c o rre la tio n  c o e ff ic ie n t =  1.00 N a tiv e  p e ro x id a se
2 T h e  c o rre la tio n  c o e ff ic ie n t =  0 .99  - k r  3 %  T F M S -tre a te d  p e ro x id a se
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F ig . 37  S y rin g a ld a z in e  sa tu ra tio n  cu rv e  o f  p e ro x id a se  (A ) an d  its  L in e w e a v e r-B u rk  
P lo t (B )
1 T h e  c o rre la tio n  co e ff ic ie n t =  0 .98  N a tiv e  p e ro x id a se
2 T h e  c o rre la tio n  co e ff ic ie n t =  0 .9 7  3%  T F M S -tre a te d  p e ro x id a se



Table 4 Km and Vmax of cassava tuber peroxidase for various substrates

Vmax (บ/!ag) Km (mM)
S u b s tra te N a tiv e D eg ly c o sy la te N a tiv e D e g ly c o sy la te

(0 % ) (3%) (0 % ) (3%)
h 2 0 2 0.15 0 .05 0.28 0 .04

D A B 0.13 0 .04 0.03 0 . 0 2

G u a iaco l 2 .56 1.08 19 .12 12 .64

O -D ian isid ine 0 .92 0 . 1 2 0 .07 0 . 0 2

P y ro g a llo l 0.55 0 .07 2 .63 1.17

S y r in g a ld a z in e 1.95 1.05 0.05 0 .07

บ  =  c h a n g e  o f  o n e  a b so rb an ce  u n it a t 46 5  n m  p e r  m in
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- ■ - 0 %  —  A - 3 %

F ig . 38 C o n ife ry l a lco h o l sa tu ra tio n  cu rv e  o f  c a s sa v a  p e ro x id a se
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F ig . 39  T h e  a b so rp to n  sp ec tru m  in  co n ife ry l a lco h o l

1 =  th e  a b so rp tio n  sp ec tru m  o f  co n ife ry l a lco h o l

2  =  th e  a b so rp tio n  sp ec tru m  o f  re a c tio n  m ix tu re d

(p e ro x id ase  0 .5  p g  in  3 m l +  1 m M  H 20 2 +  co n ife ry l a lco h o l 

c o n c e n tra tio n  o f  co n ife ry l a lco h o l =  0 .0 0 7  m M

3 =  th e  a b so rp tio n  sp ec tru m  o f  co n ife ry l a lco h o l a t h ig h  co n c e n tra tio n ,

100 m M
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