
CHAPTER IV

D IS C U S S IO N

C a ssa v a  in  o n e  o f  th e  m o s t e c o n o m ic a lly  im p o rta n t c ro p s  w h ic h  is p ro d u c e d  in  

la rg e  sca le  a n d  m o s t o f  it is  e x p o rte d  fro m  T h a ilan d . O n e  o f  th e  m a jo r  p ro b le m  o f  

c a s sa v a  tra d e  is  th e  ra p id  p h y s io lo g ic a l d e te rio ra tio n  o f  p o s t-h a rv e s te d  c a s sa v a  roo t. 

O n e  o f  th e  o b se rv e d  c h an g es  a sso c ia ted  w ith  th e  d e te rio ra tio n  is an  in c rea se  ac tiv ity  

o f  a  p e ro x id a se  iso z y m e  c a lled  iso zy m e  fo rm  A  in  c a s sa v a  tu b e r  a f te r  c a s sa v a  tu b e r  

w as  s to re d  fo r  o n e  w eek . T h is  w o rk  a im ed  a t th e  c h a ra c te r iz a tio n  o f  th is  p e ro x id a se  

iso z y m e  in  c a s sa v a  p a ren ch y m a .

4.1 P u r if ic a t io n  o f  c a ssa v a  p e r o x id a se  fro m  c a ssa v a  tu b ers

P e ro x id a se s  a re  w id e ly  d is tr ib u te d  in  p lan ts . T o  ch a ra c te r iz e  th e  p e ro x id a se  

iso z y m e  A  in  th e  p o s t-h a rv e s te d  c a s sa v a  ro o t, it w as  n e c e ssa ry  to  p u rity  it. T he  

p u rif ic a tio n  p ro c e d u re  u sed  in  o u r  ex p e rim e n ts  w e re  b a se d  o n  p re v io u s  m e th o d s  on  

p u rif ic a tio n  o f  p e ro x id a se s  fro m  o th e r  so u rces  as su m m a riz e d  be low .

P a tc h a ra k o m  R a tta n a p u m e  e t al. (54 ), p u rif ie d  p e ro x id a se  f ro m  H evea  

b ra s ilie n s is  le a v e s  b y  u s in g  a m m o n iu m  su lfa te  p re c ip ita t io n  fo llo w e d  b y  D E A E  

S ep h ace l an d  S e p h a d e x  G -75  ch ro m a to g rap h y . T he  e n zy m e  w as  p u if ie d  to  a b o u t 115 

fo ld s . M a ria  R o sa r ia  E lia  (17 ) a lso  p u rif ie d  th e  e n zy m e  fro m  p o ta to  tu b e rs  u s in g  

a m m o n iu m  su lfa te  p re c ip ita tio n  fo llo w e d  b y  D E A E  S ep h ace l a n d  h y d ro x y h a p a ti te  

c o lu m n  c h ro m a to g ra p h y . T h e  p u rif ic a tio n  w as  a b o u t 130 fo ld s. G a z a ry a n  e t al. (55) 

p u rif ie d  a  p e ro x id a se  fro m  to b a c c o  le a f  w ith  D E A E  ce llu lo se  an d  ge l f iltra tio n  

c o lu m n  c h ro m a to g ra p h ie s . T h e y  o b ta in e d  10 fo ld s  p u rif ic a tio n  w ith  sp ec ific  a c tiv ity  

o f  4 6 0 0  u /m g .  S u riy ap ro m  (56 ) o b ta in e d  p e ro x id a se  fro m  c a ssa v a  leav es  by
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a m m o n iu m  su lfa te  p re c ip ita tio n , fo llo w e d  b y  c h ro m a to g ra p h ie s  o n  C o n -A  S ep h a ro se  

a n d  S e p h a d e x  G -2 0 0 . T h e  en zy m e  w a s  p u rif ie d  a b o u t 74  fo ld s.

In  th e  p re se n t s tu d y , am m o n iu m  su lfa te  w a s  u sed  as  th e  f irs t s tep  to  p u rify  th e  

e n zy m e . H o w e v e r, o th e r  c o m p o u n d s , p a r tic u la r ly  p la n t p h e n o lic  c o m p o u n d s , m a y  be  

tra p p e d  in  th e  p re c ip ita t io n  as  w ell. T h e re fo re , P V P P  w as in c lu d e d  in  th e  e x tra c tio n  

b u ffe r  to  re m o v e  th e  p h e n o lic  co m p o u n d s . P M S F  w as  a lso  a d d e d  to  e lim in a te  

p ro te a se  ac tio n . A n  a ffin ity  c o lu m n  o f  C o n -A  S e p h a ro se  w as  u se d  in  th e  n e x t s tep  in  

w h ic h  th e  p e ro x id a se  w e re  sep a ra te d  in to  2  f rac tio n s : a n  u n b o u n d  p e a k  a n d  b o u n d  

p e a k  (F ig . 8 ). T h e  u n b o u n d  p e a k  co n ta in e d  ra th e r  lo w  p e ro x id a se  sp ec ific  a c tiv ity  fo r  

fu r th e r  c h a ra c te r iz a tio n . T h e re fo re , c o n c e n tra te d  o n  th e  b o u n d  frac tio n . T h e  b in d in g  

o f  th e  c a s sa v a  p e ro x id a se  to  th e  C o n -A  S ep h a ro se  c o lu m n  su g g e s te d  th a t  th e  e n zy m e  

w a s  p ro b a b ly  a  m a n n o se -b e a r in g  g ly c o p ro te in  (43 ). T h e  u n b o u n d  fra c tio n  w as  

re lo a d e d  o n  th e  C o n -A  co lu m n  an d  it s till d id  n o t b in d  to  th e  co lu m n , su g g e s tin g  th a t 

it w as  n o t a  re su lt  o f  o v e rlo a d in g  o f  th e  co lu m n . T h e  u n b o u n d  p e ro x id a se  w a s  lik e ly  

to  b e  a n o th e r  iso z y m e  w ith  no  m a n n o se -c o n ta in in g  c a rb o h y d ra te s  in  th e  en zy m e , 

s in c e  th e  c a s sa v a  le a f  p e ro x id a se  can  b e  p u rif ie d  to  h o m o g e n e ity  b y  g e l f il tra tio n  (56 ) 

a n d  o u r  e n z y m e  p re p a ra tio n  co n ta in e d  v e ry  little  p ro te in , it w as d e c id e d  to  sh o rt cu t 

io n  e x c h a n g e  c o lu m n  an d  e m p lo y e d  gel f iltra tio n  as th e  n e x t an d  f in a l s tep  o f  

p u rif ic a tio n . F ro m  th e  p u rif ic a tio n  (T ab le  2 ), th e  a m m o n iu m  su lfa te  s tep  c a n  re m o v e  

h a l f  o f  th e  p ro te in s  w h ile  to ta l p e ro x id a se  ac tiv ity  w as  re ta in e d . In  th e  C o n -A  

S ep h a ro se  c o lu m n , th e  p e ro x id a se  ac tiv ity  d ro p p e d  s ig n if ic a n tly  to  o n e  e ig h th  o f  th a t 

o b ta in e d  fro m  p re v io u s  s tep . P a rt o f  th e  d ec rea se  in  p e ro x id a se  ac tiv ity  m ay  b e  th a t 

e lu te d  in  th e  u n b o u n d  fra c tio n  an d  u n c o lle c te d  ac tiv ity  le ss  th a n  0 .05  บ  in  b o u n d  

frac tio n . H o w e v e r, a  h ig h e r  p ro p o r tio n  o f  p ro te in s  w ere  a lso  e lim in a ted . S ep h ad ex  

G -2 0 0 , fu rth e r  e lim in a te d  5 0 %  o f  th e  p ro te in , re ta in in g  a b o u t 6 0 %  o f  th e  en zy m e
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ac tiv ity . S o m e  o f  th e  b o u n d  f rac tio n s  e lu te d  fro m  C o n A  S ep h a ro se  w e re  o th e r 

g ly c o p ro te in s  w h ic h  w e re  n o t p e ro x id a se s  as sh o w n  in  th e  P A S  s ta in  (F ig . 18, lan e  

B ). S D S  g e l e le c tro p h o re s is  sh o w ed  th a t th e  50 %  lo ss o f  p ro te in  in  th e  g e l f iltra tio n  

e lim in a te d  m a n y  co n ta m in a tin g  p ro te in s  w h ic h  w e re  n o t th e  p e ro x id a se  (4 ,5 , F ig . 7). 

S ep h a d e x  G -2 0 0  y ie ld e d  a  fra c tio n  w h ic h  sh o w ed  u p  as s in g le  b a n d  o n  S D S -P A G E . 

T h e  p u rif ie d  p ro te in  d id  n o t sh o w  u p  w e ll o n  p ro te in  s ta in in g  o f  n o n -S D S  P A G E  b u t 

a p p e a re d  o n  p e ro x id a se  ac tiv ity  s ta in ed  as  o n e  m a jo r  b a n d  an d  a t le a s t 3 m in o r  b an d s  

w h ic h  c o u ld  b e  o th e r  iso zy m es . S in ce , th e  p e ro x id a se  en zy m e  a ssay  o r th e  ac tiv ity  

s ta in  w e re  q u ite  sen s itiv e  an d  read ily  d e te c ta b le , th e y  w e re  m o s tly  e m p lo y e d  to  

fo llo w  th e  p e ro x id a se . In  so m e  te c h n iq u e s  su ch  as  N D -P A G E , P A S  s ta in in g  an d  IE F  

gel p ro te in s  in  th e  p u rif ie d  f rac tio n s  w e re  b a re ly  d e te c ta b le  o r  n o t d e te c ta b le  a t all 

(F ig s  12, 16). L o a d in g  e x ce ss  am o u n t o f  p ro te in s  re su lte d  in  o v e rlo a d in g  o f  a c tiv ity  

s ta in  w ith  little  im p ro v e m e n t o n  p ro te in  stain .

4.2  C h a r a c te r iz a tio n  o f  p u r ified  c a ssa v a  tu b e r  p er o x id a se

4 .2 .1  S t r u c t u r a l  p r o p e r t ie s

T h e  m o le c u la r  w e ig h t o f  th e  p u rif ie d  e n zy m e  d e te rm in e d  fro m  th e  

c a lib ra tio n  c u rv e  o f  s ta n d a rd  p ro te in s  o n  S ep h a d e x  G -2 0 0  w as  e s tim a te d  a t 105 K d  

(F ig . 14) H o w e v e r , its  m o le c u la r  w e ig h t d e te rm in e d  o n  S D S -P A G E  w a s  fo u n d  to  be  

54  k D  (F ig . 5). T h e  re su lt su g g es ted  th e  ro o t p e ro x id a se  e x is te d  as  d im er. T h is  

re su lt w as  s im ila r  to  th e  re p o rte d  f in d in g  o f  c a s sa v a  le a f  p e ro x id a se  w ith  n a tiv e  

m o le c u la r  w e ig h t o f  112 k D  an d  su b u n it m o le c u la r  w e ig h t o f  56 k D  (5 6 ), b u t 

d iffe re n t f ro m  o th e r  p la n t p e ro x id ase s . H o rse ra d ish  p e ro x id a se  w as  re p o r te d  to  h av e  

a n a tiv e  m o le c u la r  w e ig h t o f  42  kD  (57 ), p a ra  ru b b e r  (H evea  b ra s ilie n s is ) b a rk  

p e ro x id a se  w as  50  k D  (2 7 ) an d  A ra u ca r ia  arau caria  seed s  p e ro x id a se  e x is te d  in  as
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tw o  ca tio n ic  fo rm s  w ith  m o le c u la r  w e ig h ts  o f  83 k D  a n d  145 k D  (58 ). F ro m  th e  

a c c u m u la te d  d a ta  o n  m o le c u la r  w e ig h t, m o s t p la n t p e ro x id a se s  h a v e  th e  m o le c u la r  

w e ig h t in  th e  ra n g e  o f  4 0 -5 6  kD .

Iso e le c tr ic fo c u s in g  ge l o f  th e  c a s sa v a  ro o t p e ro x id a se  re v e a le d  5 b a n d s  w ith  

p i ’s 5 .1 , 5 .2 , 5 .4 , 5.8  an d  6 .0  (F ig . 16), w ith  m a jo r  fo rm s a t p i  5 .4 . T h e y  w e re  in  th e  

sam e  p i  ra n g e  as  th e  p e ro x id a se  fro m  c a ssa v a  le a f  ( p i ’s 6 .25  an d  6 .4  (5 6 )) an d  th o se  

o f  B a r le y  le a f  ( p i ’s 6.3 an d  6 . 8  (27 )). T h e re  w e re  sev e ra l o th e r  p la n t p e ro x id a se s  

re p o r te d  w ith  v e ry  ac id ic  p i ’s : H ea vea  b u rk  (p i 3 .5 , (2 7 )), A ra b id o p s is  th a lia n a  (p i

3 .5 , (7 2 )), P o p la r  x y le m  (p i 3 .1 -3 .8 , (6 1 )). H o rse ra d ish  p e ro x id a se  w e re  re p o rte d  to  

h a v e  b a s id ic  p i  a ro u n d  10-12  (62 ) an d  c a rro t p e ro x id a se  a lso  h a d  p i  g re a te r  th a n  9.3

(6 3 )  .

I t h a s  b e e n  k n o w n  th a t re a c tio n s  c a ta ly sed  b y  p e ro x id a se s  tak e  p la c e  at 

th e  h e m e  p ro s th e tic  g rou p . R em o v a l o f  h em e  cau se s  to ta l lo ss  o f  p e ro x id a se  ac tiv ity

(6 4 )  . T h e  p u r if ie d  c a s sa v a  ro o t p e ro x id a se  sh o w ed  a b so rp tio n  a t 398  n m  w h ic h  w as 

w ith in  th e  a b so rp tio n  ra n g e  o f  h em e . O th e r  p la n t p e ro x id a se s  w e re  re p o r te d  to  sh o w  

a b so rp tio n  a ro u n d  4 0 2 -4 0 5  n m  (60).

T a b le  5 su m m a riz e d  th e  c o m p a ra tiv e  s tru c tu ra l p ro p e rtie s  o f  c a ssa v a  

tu b e r  p e ro x id a se  an d  o th e r  p la n t p e ro x id ase s .

T h e re  w e re  re p o rts  o n  th e  g ly c o p ro te in  n a tu re  o f  sev e ra l p e ro x id a se  

(5 ,6 ). D e g ly c o sy la tio n  o f  p e a n u t p e ro x id a se  sh o w ed  th e  c h an g e  in  e le c tro p h o re tic  

m o b ili ty  o f  p e a n u t p e ro x id a se  (69). P re lim in a ry  re p o r t o n  c a s sa v a  tu b e r  p e ro x id a se  

sh o w e d  th a t  d e te rio ra tin g  tu b e rs  sh o w ed  c h an g es  in  p e ro x id a se  p a tte rn s  w h ic h  

d iffe re d  in  e le c tro p h o re tic  m o b ility  o n  N D -P A G E , it w a s  in te re s tin g  to  see  i f  

g ly c o sy la tio n  p la y e d  an y  ro le  in  th e  o b se rv e d  ch an g es . T h e  b in d in g  o f  th e  c a ssa v a  

tu b e r  p e ro x id a se  to  th e  C o n -A  S ep h a ro se  co lu m n  in d ic a te d  its  g ly c o p ro te in  n a tu re .
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T a b le  5 P e r o x id a se s  in  v a r io u s  p la n t tissu es

S o u rce N o . o f  Iso zy m e  
(m ai or)

M o le c u la r  W e ig h t p i

H o rse ra d ish  (1 9 ) 3 40  kD ** 1 0 - 1 2

C a ssa v a  p a re n c h y m a  (T h is  w o rk ) 3 105 kD * 5-6

54  kD **

C a ssa v a  le a f  (5 6 ) > 2 112 kD * 6 .3 , 6 .4

56 k D **

Ja p a n e se  ro o t r a d ish  (71 ) N D 28 kD * N D

P o ta to  tu b e r  (17 ) N D 30 kD ** N D

P e a  le av es  (21 ) N D 49  kD ** N D

H ev e a  b a rk  (2 7 ) N D 50 kD * 3.5

A ra u c a r ia  seed s  (58 ) 2 80 k D * , 145 kD * N D

C a rro t ro o t (63 ) N D N D > 9.3

P o p la r  x y le m  (6 1 ) 6 4 6 -5 4  kD * * * 3 .1 -3 .8

R e fe re n c e  so u rce s  as  in d ic a te d  in  ( ).

* d e te rm in e d  b y  S ep h ad ex  G -2 0 0

* * d e te rm in e d  b y  S D S -p o ly a c ry la m id e  ge l e le c tro p h o re s is  

* * * d e te rm in e d  b y  M o n o -Q  S ep h a ro se

N D  =  n o  d a ta
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D e te rm in a tio n  o f  c a rb o h y d ra te  co n ten t o f  th e  p u rif ie d  tu b e r  e n zy m e  sh o w ed  th a t th e  

e n zy m e  c o n ta in e d  h ig h  a m o u n t o f  c a rb o h y d ra te  up  to  3 0 0 %  พ /พ  (F ig s  18 an d  19). 

T h e re fo re , i t  w as  in te re s tin g  to  s tu d y  th e  s ig n if ic an ce  o f  th e  h ig h  c o n te n t o f  

c a rb o h y d ra te  b y  c o m p a ra tiv e  c h a ra c te r iz a tio n  o f  th e  n a tiv e  an d  d e g ly c o sy la te d  fo rm s.

4 .2 .2  E ffe c t o f p H  a n d  t e m p e r a t u r e

T h e  p u rif ie d  p e ro x id a se  w as  u se d  to  รณd y  th e  e ffe c t o f  p H  an d  

te m p e ra tu re  o n  its  ac tiv ity . E x p e rim e n ts  w e re  p e rfo rm e d  to  te s t b o th  th e  p H  and  

te m p e rtu re  w h ic h  th e  en zy m e  h ad  m a x im u m  ac tiv ity  an d  th e  p H  an d  te m p e ra tu re  at 

w h ic h  th e  e n z y m e  re m a in e d  s tab le  fo r  a  lo n g  p e rio d .

T h e  e x p e rim e n t o n  o p tim u m  p H  (F ig . 2 8 ) sh o w ed  th a t th e  c a s sa v a  tu b e r  

p e ro x id a se  w a s  a c tiv e  a t s lig h tly  ac id ic  p H  (p H  5). T h is  v a lu e  w a s  s im ila r  to  th e  

p e ro x id a se  o f  th o se  re p o rte d  in  th e  le a v e s  o f  o th e r  p lan ts: H evea  b ra s ilien s is  (pH  5 .4)

(65), p e to n ia  l e a f  p e ro x id a se  (pH  5) (60), te a  le a f  p e ro x id a se  (4 .5 -5 .0 )  (36). 

H o rse ra d ish  p e ro x id a se  a lso  h a d  a c id ic  o p tim u m  p H  4.3 (62 ) an d  H evea  b a rk  en zy m e  

h as  a  b ro a d  p H  o p tim u m  in  th e  ran g e  5-7  (27 ). T he  c a s sa v a  tu b e r  p e ro x id a se  w as 

s tab le  in  a  b ro a d  p H  ra n g e  fro m  5-11 (F ig . 29 ). A t le a s t 60% o f  th e  a c tiv ity  re m a in e d  

w h e n  in c u b a te d  in  p H  5-11 fo r 24  h r  w h ile  100%  ac tiv ity  re ta in e d  a t p H  7. In  th e  

te m p e ra tu re  ra n g e  o f  4-80°C, th e  p u r if ie d  p e ro x id a se  f ro m  tu b e rs  w a s  m o s t a c tiv e  at 

6 0 °c  (F ig . 3 0 ), s im ila r  to  p e ro x id a se  f ro m  c a s sa v a  le a v e s  w h ic h  h a d  an  o p tim u m  

te m p e ra tu re  o f  6 0 °c  (56). T h e  p e ro x id a se  f ro m  H evea  le a v e s  h a d  a n  o p tim u m  

te m p e ra tu re  in  th e  ra n g e  o f  60-70°C (5 4 ). In  G ra c ila r ia  s p e c ie s , th e  o p tim u m  

te m p e ra tu re  o f  its  p e ro x id a se  w as  a b so lu te  a t 6 0 °c  (68). T h e  a c tiv ity  o f  th e  

c a s s a v a  p e ro x id a s e  f ro m  tu b e rs  w a s  ra th e r  s ta b le  a t h ig h  te m p e ra tu re  (F ig . 31 ). T h e  

e n z y m e  re ta in e d  a b o u t 80% o f  its  a c tiv ity  d u rin g  in c u b a tio n  a t te m p e ra tu re  up  to
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5 0°c  fo r  4  h r  b u t c a n  b e  k e p t lo n g e r  th a n  2 4  h r  a t 2 5 °c  w ith  85% a c tiv ity  

re m a in in g . B y  c o m p a riso n , c a s sa v a  le a f  p e ro x id a se  w a s  s ta b le  up  to  65° c  w ith  

7 0 %  a c tiv ity  fo r  24  h r  (56). H e v e a  b a rk  p e ro x id a se  w as  s ta b le  u p  to  6 0 °c  w ith  

10 0%  a c tiv ity  w h ile  7 5 %  o f  th e  a c tiv ity  s till re m a in e d  a t 7 0 °c  w h e n  in c u b a te d  fo r  

2 4  h r  (27). F o x -ta il  m ille t  A 3 p  p e ro x id a se  w as  a lso  s tab le  up  to  65°c  a t p H  7 .4  (66) 

an d  lig n in  p e ro x id a se  fro m  P h an e ro c h a e te  c h ry so sp o riu m  w as  re la tiv e ly  s tab le  fo r  6  

h r  a t 60°c  (67). It se e m e d  th a t th e  c a ssa v a  p e ro x id a se  fro m  tu b e rs  sh o u ld  o p e ra te  

w e ll in  th e  e x tre m e  c o n d itio n s  (h ig h  p H  an d  h ig h  te m p e ra tu re )  in  w h ic h  m o s t o th e r  

en z y m e s  m a y  b e  in ac tiv e . B o th  th e  h e a t an d  p H  s tab ilitie s  o f  th e  e n z y m e  sh o u ld  

w id e n  th e  ra n g e  o f  th e  p e ro x id a se  ap p lica tio n s . T h ese  c h a ra c te r is t ic s  w e re  a lso  

o b se rv e d  in  o th e r  p la n t p e ro x id a se s  as  m e n tio n e d  b e fo re , in d ic a tin g  th a t th ey  m a y  be  

th e  sp ec ia l p ro p e rtie s  o f  m o s t p la n t p e ro x id ase s .

4 . 2 .3  K i n e t i c  s t u d y  o f  c a s s a v a  t u b e r  p e r o x id a s e

S ev era l co m p o u n d s  w e re  te s te d  as  su b s tra te  o f  th e  p u rif ie d  p e ro x id a se . 

T h e  e n z y m e  h a d  K m  fo r  H 2O 2 o f  0 .28  raM , h ig h e r  th a n  e x h ib ite d  b y  c a s sa v a  le a f  

p e ro x id a se  b u t lo w e r  th a n  ro o t o f  c a s sa v a  p la n tle t (0 .33  m M , (71 )). T h e  K m  fo r  H 2 O 2 

re p o rte d  in  o th e r  p la n ts  w ere : 0 .26  m M  fo r  H evea  b ra s illen s is  b a rk , 1.1 m M  fo r 

H evea  lea f, 0 .03  m M  fo r  p o ta to  a sco rb a te  p e ro x id a se . Its K m fo r D A B  (0 .03  m M ) 

w a s  lo w e r  th a n  c a s sa v a  le a f  (0 .0 9  m M ) an d  H evea  b a rk  (1 .6 7  m M ) b u t h ig h e r  th an  

ro o t o f  c a s sa v a  p la n tle t (0 .0 7  p M ).

T h e  an io n ic  p e ro x id a se  a sso c ia te d  w ith  th e  su b e riz a tio n  re sp o n se  in  

p o ta to  tu b e r  sh o w e d  th e  fo llo w in g  o rd e r  o f  su b s tra te  p re fe re n c e : fe ru lo y l (o-

m e th o x y p h e n o l)  >  ca ffeo y l >  p -c o u m a ry l ระ sy rin g y l. T h ese  c o m p o u n d s  ac c u m u la te d  

in  tu b e rs  d u rin g  w o u n d  h ea lin g  (70). T h is  en zy m e  p re fe rre d  g u a ia c o l o v e r  a sc o rb a te
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as su b s tra te . T h e  p e ro x id a se  fro m  P o p la r  x y le m  ex is ted  as iso en zy m es  P X P i, P X P 2 , 

P X P 3 , P X P 4 , P X P 5 . T h ey  can  o x id iz e  A B T S  an d  D A B  w h e re  as  o n ly  P X P 3 , P X P 4 , 

P X P 5 c a n  o x id iz e  th e  lig n in  m o n o m e r  an a lo g , sy rin g a ld az in e . P X P 3-4 an d  P X P 5 w ere  

su g g e s te d  to  b e  in v o lv e d  in  lig n in  p o ly m e riz a tio n  (61). In  H evea  b ra silien sis , th e  

p e ro x id a se  is m o re  sp ec ific  fo r  o -d ia n is id in e  th a n  A B T S  an d  p y ro g a llo l an d  th e  K m 

v a lu e s  fo r  o -d ia n is id in e  w as 0 .12  m M  (54).

T h e re fo re , th e  c a ssa v a  tu b e r  p e ro x id a se  w as a  c la ss ic a l p e ro x id a se  

b e c a u se  it p re fe re n tia lly  o x id iz e d  o rg an ic  p h e n o lic  co m p o u n d s  an d  c a n  a lso  u sed  

g u a ia c o l a  su b s tra te . It c o n ta in ed  h em e  g ro u p  an d  ca rb o h y d ra te . (P a rtia l 

d e g ly c o sy la te d  p e ro x id a se  fro m  p e a c h  seed s  w as  d e c re a se  in  a c tiv ity  an d  s ta b ility  o f  

p e ro x id a se  th e re fo re  th e  g ly c a n  p o rtio n  is im p o rta n t fo r  a c tiv ity  an d  s ta b ility  o f  

p e ro x id a se  iso zy m e).

4 .3  C h a r a c te r iz a tio n  o f  d e g ly c o sy la te d  p er o x id a se

4 .3 .1  D e g ly c o s y la t io n  o f  p u r i f i e d  c a s s a v a  t u b e r  p e r o x id a s e .

T h e re  w e re  sev e ra l rep o rts  o n  g ly c o p ro te in  n a tu re  o f  so m e  p e ro x id a se s  

a n d  d e g ly c o sy la tio n  led  to  m a n y  ch an g es . S in ce  o u r f in d in g  sh o w e d  th a t th e  c a s sa v a  

tu b e r  p e ro x id a se  c o n ta in e d  h ig h  am o u n t o f  c a rb o h y d ra te , it w a s  in te re s tin g  to  s tu d y  

th e  c h a n g e s  in  its  d e g ly c o sy la te d  fo rm . A tte m p ts  w ere  m ad e  to  d e g ly c o sy la te  th e  

e n zy m e  u s in g  c a rb o h y d ra te  h y d ro ly s in g  en zy m es  su c h  as e n d o g ly c o s id a se  N - 

g ly c o n a se , en d o  M  an d  en d o  F  w ith o u t success. T am s an d  W e lin d e r  (50 ) re p o rte d  

fa ilu re  in  d e g ly c o sy la tin g  H R P  iso zy m e  c  b y  e n d o g ly c o s id a se  b u t su c c e ss fu l w h en  

th e y  u se d  c h e m ic a l su ch  as  T F M S . W e tr ie d  d e g ly c o sy la io n  w ith  T F M S  an d  fo u n d  

th a t 3%  a n d  6 %  T F M S  can  rem o v e  5 0 %  an d  9 0 %  o f  th e  ca rb o h y d ra te  (F ig . 22).
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H o w e v e r, u s in g  6 %  T F M S  ca u se d  n e a r ly  c o m p le te  lo ss  o f  a c tiv ity  w h e re a s  3%  

T F M S  d e c re a se d  th e  a c tiv ity  to  50% .

4 . 3 .2  C o m p a r a t iv e  p r o p e r t ie s  o f  n a t i v e  a n d  p a r t i a l  d e g ly c o s y la te d  c a s s a v a  

t u b e r  p e r o x id a s e

C o m p a riso n s  o f  th e  s tru c tu ra l an d  k in e tic  p ro p e rtie s  o f  th e  d e g ly ­

c o sy la te d  e n z y m e  w ith  th e  n a tiv e  en zy m e  sh o w ed  th a t m o b ili ty  o f  th e  d e g ly c o sy la te d  

o n  N D -P A G E  d id  n o t sh o w  d is tin c tiv e  c h an g es  u s in g  th e  p a r tia l d e g ly c o sy la te d  fo rm , 

b u t th e  iso z y m e  p a tte rn s  o n  IE F  gel sh o w e d  o b se rv ab le  ch an g e . D e g ly c o sy la te d  

e n z y m e  h a d  lo s t a c tiv ity  o f  p F s  5.1 , 5 .2 , 5 .8 , 6 .0  an d  n e w  b an d  a p p e a re d  a t p i  5 .3 . 

T h e  d iffe re n t iso z y m e s  m ay  co n ta in  d iffe re n t am o u n t o f  c a rb o h y d ra te  co n ten ts . 

D e g ly c o sy la tio n  m ay  c h an g e  th e  p i  o f  th e  p i  5 .1 , 5 .2 , 5 .4 , 5 .8 , 6 .0  w h ic h  e ith e r  m o v e  

to  th e  sa m e  p o s itio n s  as  ex is tin g  b an d s  o r b e c a m e  th e  n ew ly  d e te c te d  b a n d  a t p i  5 .3 . 

U n fo rtu n a te ly , th e  p re p a ra tio n  o f  h ig h ly  d e g ly c o sy la te d  e n zy m e  c o n ta in e d  to o  little  

a c tiv ity  w a s  n o t su itab le  fo r co m p a ra tiv e  stu dy . I f  th e  p re p a ra tio n  o f  th e  h ig h ly  

d e g ly c o sy la te d  fo rm  can  be  im p ro v e d  to  a  lev e l d e te c ta b le  b y  ac tiv ity  s ta in in g  o r 

p ro te in  s ta in in g , it m a y  p ro v id e  a  c lea r  e x p la n a tio n  fo r th e  c h an g es  in  p i  p a t te rn  an d  

m ay  a lso  y ie ld  a  d is tin c t ch an g e  in  e le c tro p h o re tic  m o b ility  o n  N D -P A G E .

It w a s  sp e c u la te d  th a t th e re  m ay  be  so m e  c o rre la tio n  o f  p e ro x id a se  B 

w h ic h  p re d o m in a te d  in  fre sh  c a ssa v a  tu b e r  b u t d isa p p e a re d  in  7 d a y s  p o s t-h a rv e s te d  

tu b e r  w h ile  fo rm  A  g rad u a lly  in c reased . N D -P A G E  o f  th e  n a tiv e  en z y m e  c o m p a re d  

w ith  p a r tia l d e g ly c o sy la te d  an d  h ig h ly  d e g ly c o sy la te d  fro m  (F ig . 2 4 ) sh o w ed  th a t 

re m o v in g  c a rb o h y d ra te  p a r t d id  n o t c h an g e  its  e le c tro p h o re tic  m o b ili ty  s ig n ific an tly . 

T h e re fo re , th is  p e ro x id a se  fo rm  A  w as  u n lik e ly  to  b e  th e  g ly c o sy la te d  fo rm  o f  fo rm  

B . H o w e v e r, it m ay  be  an  a g g reg a ted  fo rm  o f  p e ro x id a se  B  o r a  n e w ly  sy n th esized
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en zy m e . P e ro x id a se  a c tiv ity  in  c a ssa v a  tu b e r  g ra d u a lly  in c re a se d  fro m  d ay  1 to  d ay  7 

p o s t-h a rv e s te d , a f te r  w h ic h  th e  ro o t d e te rio ra te d  to  th e  c o n d itio n  th a t it c a n n o t be  

u se d  to  รณdy  fu rth e r. M o n ito r in g  so m e  ch a ra c te r is tic s  o f  th e  p e ro x id a se s  m o re  

f re q u e n tly  d u rin g  d ay  1 to  d a y  7 m ay  p ro v id e  so m e  u se fu l in fo rm a tio n  o n  th e  ro le  o f  

th e  g ly c o sy la te d  p a r t o n  th e  ac tiv ity  o f  th e  en zy m e . C o m p a ra tiv e  รณdy  o f  fo rm  A  

an d  fo rm  B p e ro x id a se s  w o u ld  a lso  p ro v id e  k n o w le d g e  in to  th e  o b se rv e d  ch a n g e s  in  

th e  a c tiv ity  o f  fo rm  A  an d  B d u rin g  s to rag e .

T h e  d e g ly c o sy la te d  p e ro x id a se  sh o w ed  a  d ec re a se  in  te m p e ra tu re  

s ta b ility  e sp e c ia lly  a t 4 0°c  o r h ig h er. p H  s ta b ility  p ro f ile  sh o w ed  a  sh ift to  th e  m o re  

ac itic  s id e  fo r  d e g ly c o sy la te d  form . C a rb o h y d ra te  p o rtio n  in  c a ssa v a  tu b e r  p e ro x id a se  

m ay  p la y  so m e  ro le  in  th e  fo ld in g  o r p a c k a g in g  o f  th e  en zy m e . R em o v in g  so m e  o f  

th e  c a rb o h y d ra te  m a y  re su lt in  h ig h e r  su sc e p tib ility  to  p H  an d  te m p e ra tu re  ch an g es . 

P a rtia l d e g ly c o sy la te d  av o cad o  p e ro x id a se  an d  p e a c h  p e ro x id a se  w ere  a lso  re p o rte d  

to  sh o w  a  s im ila r  d ec rea se  in  th e rm o s ta b ility  (41 ,4 2 ). T h e  o p tim u m  p H  an d  

te m p e ra tu re  p ro f ile s  o f  th e  d e g ly c o sy la te d  en zy m e  d id  n o t c h an g e  s ig n if ic a n tly  fro m  

th a t o b se rv e d  in  n a tiv e  fo rm  su g g es tin g  th e  c a rb o h y d ra te  d id  n o t s ig n if ic a n tly  a ffe c t 

th e  c a ta ly tic  re a c tio n  o f  th e  enzy m e.

T h e  p a r tia l d e g ly c o sy la te d  c a s sa v a  tu b e r  p e ro x id a se  se e m e d  to  sh o w  a 

s ig n if ic a n t d e c re a se  in  K m  fo r  H 2 O 2 in  c o m p a riso n  to  th e  n a tiv e  fo rm , is  s im ila r  to  

th e  re p o r t o n  d e g ly c o sy la te d  p e a c h  p e ro x id a se  (41). F ro m  th e  se rie s  o f  su b s tra te s  

te s te d  (T ab le  6 ), th e  d e g ly c o sy la te d  e n zy m e  a p p ea red  to  g a in  a ff in ity  fo r  a ll th e  

su b s tra te s  e x c e p t sy rin g a ld a z in e  to  a  d iffe re n t d eg ree . T h e  m o s t s ig n if ic a n t ch an g es  

in  K m ’s w e re  o b se rv e d  fo r  H 2O 2 , g u a ic o l an d  p y ro g a llo l. T h e re fo re , it se e m e d  th a t 

c a rb o h y d ra te  p a r t m ay  h av e  so m e  ro le  in  e n h an c in g  th e  b in d in g  o f  su b s tra te s  to  th e  

en zy m e . H o w e v e r, th e  d ec rea se  in  Vmax w ith  all su b s tra te s  seem ed



89

T a b le  6 T h e  K m o f  p la n t p e r o x id a se  fo r  v a r io u s  su b stra tes

Km (mM)
Substrates Cassava Cassava Cassava H e v e a H e v e a Potato

parenchyma leaves plantlet bark leaf tuber
(This work) (56) (71) (270 (54) (17)

h 20 2 0.28 0.09 0.33 0.26 1.1 0.03
DAB 0.03 0.09 7xl0'5 ND ND ND
Guaiacol 19.12 5.52 ND ND ND ND
O-Dianisidine 0.07 0.04 ND ND ND ND
Pyrogallol 2.63 0.89 ND ND ND ND
Syringaldazine 0.05 0.08 ND ND ND ND
Quercetin - 0.05 ND ND ND ND
Ascorbate - - ND ND ND ND

R e fe re n c e  so u rce  as  in d ica ted  in  ( ) 

- =  n o t u tiliz e d

N D  =  n o  d a ta
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to point to a decrease rate o f  product form ation cata lyzed  b y  the d eg lycosy la ted  

en zym e. The rem oval o f  carbohydrate m oiety  m ay enhance the b ind in g  o f  substrate 

to the active  site  (decrease K m). It has b een  reported that hem e group w as in v o lv ed  in  

the reaction  o f  m o st peroxidases and the cassava  tuber p eroxidase w as sh ow n  to 

contain  h em e group w h ich  decreased  upon d eg lycosy la tion .

T he decrease in v max, therefore, m ay  occur from  the lost o f  h em e  

groups. T he substrate b indin g site m ay in v o lv e  the h em e group. L ost o f  h em e  

groups ob served  in the d eg lycosy la ted  en zym e m ay be caused  by either the e ffec t o f  

the T F M S or the rem oval o f  carbohydrate. From  this study, it cou ld  on ly  be  

con clu d ed  that p eroxid ase form  A  in cassava  tuber parenchym a w as h ig h ly  

g ly co sy la ted  and its activ ity  increased  w ith  post-harvested  storage tim e. 

D eg ly co sy la tio n  o f  the en zym e seem ed  to increase affin ity  for substrates but decrease  

in  rate o f  ca ta lysis. It has to be further in vestigated  that the observed  ch an ges in 

d eg ly co sy la ted  en zy m e w as tota lly  the e ffec t o f  the carbohydrate part rem oved  or

there w as a lso  the e ffec t o f  treatm ent w ith  TFM S.
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