
C H A P T E R  I 

I N T R O D U C T IO N

1.1 C a s s a v a

C a ssa v a  (.M anihot escu lenta  C ran tz )  is th e  fo u rth  m o s t im p o rta n t fo o d  c ro p  in  the  

tro p ic s . It is  g ro w n  p re d o m in a n tly  fo r  its  s tra c h y  ro o ts . R o u g h ly  8 5 %  o f  th e  d ry  m a tte r  

o f  th e se  ro o t is sta rch . T h is  h ig h  s ta rch  co n te n t m ak es  c a s sa v a  a  m a jo r  so u rce  o f  

c a rb o h y d ra te s  fo r  500  m ill io n  p eo p le  in  th e  w o rld . C a ssa v a  le av es  a re  a lso  e a te n  as a 

v e g e ta b le  b y  h u m a n s  an d  u se d  as an im a l feed  (1).

C a ssa v a  c a n  be  g ro w n  th ro u g h o u t th e  y ea r  s in ce  it h as  no  c r itic a l p e r io d  o f  

p ro p a g a tio n  a n d  h a rv es tin g . C a ssa v a  is p ro p a g a te d  ea s ily  b y  u s in g  s tem  cu ttin g s  and  

re q u ire s  little  a tte n tio n  d u rin g  g ro w th . T h e re fo re , its c u ltiv a tio n  is re la tiv e ly  

in e x p e n s iv e . C a ssa v a  w as  in itia lly  b ro u g h t in to  S o u th e rn  T h a ila n d  fro m  M a la y s ia , and  

h a d  s in c e  sp re a d  to  o th e r  p a r ts  o f  th e  co u n try .

N o w a d a y s , th e  m a jo r  a reas  fo r  c a ssa v a  c u ltiv a tio n  in  T h a ila n d  a re  th e  eas t an d  the  

n o rth e a s t w h ic h  to g e th e r  a c c o u n t fo r  a b o u t 9 0 %  o f  th e  c o u n try ’s c a s sa v a  p ro d u c tio n  (2). 

In  a d d it io n  to  b e in g  u sed  fo r h u m a n  c o n su m p tio n  an d  as  an im a l feed , c a s sa v a  is  a lso  

u se d  in  in d u s tr ie s  to  m ak e  su ch  p ro d u c ts  as a lco h o l, so rb ito l, d e x tr in , so ap , can d y , 

p o w d e r  an d  p e lle tiz e d  m ed ic in e  (3).

M o re o v e r , c a s sa v a  s to rag e  ro o ts  a re  u n iq u e ly  d e f ic ie n t in  p ro te in s , w h ic h  c o m p rise  

o n ly  1-2%  o f  th e  d ry  w e ig h t (1). T h e  o v e ra ll q u a lity  o f  c a ssa v a  ro o t p ro te in s  is fu rth e r 

lim ite d  b y  su lp h u r-c o n ta in in g  am in o  ac id s , w h ic h  can  cau se  p ro te in  d e f ic ie n c y  in  p eo p le  

c o n su m in g  c a s sa v a  as a  s tap le  fo o d  w ith o u t p ro te in  su p p lem en t. C a ssa v a  le av es  co n ta in  

up  to  10 tim e s  m o re  p ro te in s  th an  th e  s to rag e  ro o ts , b u t are  still d e f ic ie n t in  th e  e ssen tia l
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1.2 Physiological deterioration in cassava
T h e  ra p id  d e v e lo p m e n t o f  p r im a ry  o r p h y s io lo g ic a l d e te rio ra tio n  in  ca ssav a  

h a s  b e e n  s tro n g ly  a sso c ia te d  w ith  m ech a n ic a l d am ag e  w h ic h  o c cu rs  d u rin g  h a rv e s tin g  

an d  h a n d lin g  o p e ra tio n s  (4). F req u en tly , th e  tip s  a re  b ro k e n  o f f  as  th e  ro o ts  a re  p u lled  

fro m  th e  g ro u n d  an d  se v e ran ce  fro m  th e  p la n t n e c e ssa r ily  c rea te s  fu r th e r  w o u n d in g . In  

a d d itio n , tra n sp o r t fro m  sites  o f  s to rag e  cau se  tis su e  d am ag e  w h ic h  is  in itia lly  o b se rv e d  

as d isc o lo ra tio n  o f  th e  v a sc u la r  tis su e  o f te n  re fe rre d  to  as  v a sc u la r  s tre ak in g . In itia l 

sy m p to m s  a re  ra p id ly  fo llo w e d  by  a  m o re  g en era l d isc o lo ra tio n  o f  th e  s to rag e  

p a re n c h y m a .

In  m o s t p lan ts , tis su e  d am ag e  re su lts  in  a  c a sc a d e  o f  w o u n d  re sp o n se s  th a t 

q u ic k ly  re su lt in  th e  d e fen ce  o f  th e  w o u n d e d  tis su e  an d  th e  su b se q u e n t sea lin g  o f  

e x p o se d  tis su e  b y  re g e n e ra tio n  o f  a  p ro te c tiv e  b a rr ie r  (p e r id e rm  fo rm atio n ).

C a s sa v a  ro o ts  w h e n  s to red  a t h ig h  re la tiv e  h u m id itie s  (R H ) o f  a ro u n d  80 to  

9 0 %  sh o w  a  ty p ic a l w o u n d -h e a lin g  re sp o n se  w ith  p e r id e rm  fo rm a tio n  o c c u rr in g  in  sev en  

to  n in e  d ay s  a t 3 5 ° c  an d  10 to  14 d ay s  at 2 5 ° c  (5). T h is  re sp o n se  is n o ta b ly  s lo w e r th an  

in  th e  o th e r  tro p ic a l ro o t c ro p s , su ch  as  y am , w h ich  fo rm  a  p e r id e rm  in  fo u r  to  f iv e  d ay s  

a t 3 5 ° c  (5 ). H o w e v e r, it w as  d e m o n s tra te d  th a t p e r id e rm  fo rm a tio n  in  c a s sa v a  ro o ts  

o c c u rre d  a ro u n d  sm all V -shaped cu ts  w ith in  fo u r  to  se v e n  d ay s  a t 3 5 ° c  an d  th e  

m a g n itu d e  o f  th e  w o u n d  su s ta in e d  c a n  a ffec t th e  tim e  re q u ire d  fo r p e r id e rm  fo rm atio n .

amino acids, cysteine and methionine. Root peel discarded in food preparation has a

higher level o f protein than the edible parenchyma. Therefore, the peels o f low-cyanide

varieties are often used as a nourishing animal feed (1).
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In  c a s sa v a  th e  fo rm a tio n  o f  a  w o u n d  p e r id e rm  (cu rin g ) h as  b een  fo u n d  to  su p p re ss  the  

d e v e lo p m e n t o f  p h y s io lo g ic a l d e te rio ra tio n  (4).

In  c o m m o n  p la n t w o u n d  re sp o n ses , p h e n o lic  c o m p o u n d s  f ro m  th e  

p h e n y lp ro p a n o id  p a th w a y  are  ac ted  u p o n  b y  a  ran g e  o f  p e ro x id a se s  to  p ro d u c e  w o u n d - 

re p a ir  su b s ta n c e s  in  th e  im m ed ia te  v ic in ity  o f  th e  site  o f  tis su e  d am ag e . T h e  en zy m es  

in v o lv e d  in  th e se  p ro c e sse s  are  sy n th esized  in  re sp o n se  to  w o u n d in g  a f te r  a  tim e  lag  

w h ic h  is  d e p e n d e n t on  th e  n a tu re  o f  th e  s tim u lu s.

In  c a ssa v a , cy to c h e m ic a l te s ts  fo r  p e ro x id a se  gav e  in c re a se d  s ta in in g  

re sp o n se s  d u rin g  th e  d e v e lo p m e n t o f  a  lo c a liz e d  w o u n d  re sp o n se  (cu rin g ) an d  d u rin g  th e  

la te r  s ta g e s  o f  p h y s io lo g ic a l d e te rio ra tio n  (5 ,6 ). B io ch em ica l an a ly s is  o f  p e ro x id a se  in  

w o u n d e d  c a s sa v a  ro o ts  sh o w ed  th a t in c rea se  in  a c tiv ity  o c c u rre d  a f te r  a  lag  p e r io d  o f  

a b o u t o n e  d ay  an d  co n tin u e d  to  in c rea se  w ith  th e  d e v e lo p m e n t o f  p h y s io lo g ic a l 

d e te r io ra tio n  (7).

T h e  ra p id  p o s t-h a rv e s t d e te rio ra tio n  o f  c a ssa v a  re s tr ic ts  th e  s to rag e  p o ten tia l 

o f  th e  fre sh  ro o t to  a  fe w  day s. In  a d d it io n  to  d ire c t p h y s ica l lo ss  o f  th e  c ro p , p o s t­

h a rv e s t d e te rio ra tio n  c a u se s  a  re d u c tio n  in  ro o t q u a lity , w h ic h  lead s  to  p r ic e  d isco u n ts  

an d  c o n tr ib u te s  to  eco n o m ic  lo sses.

1.3 Peroxidase
P e ro x id a se  (don or: H 2O 2 o x id o red u c ta se ; E C . 1 .11 .1 .7 ) b e lo n g s  to  a  la rg e  fam ily  

o f  en z y m e s  c a p a b le  o f  c a ta ly z in g  th e  o x id a tio n  o f  sev e ra l d iffe re n t su b s tra te s  in  th e  

p re se n c e  o f  H 2O 2 . H ig h e r  p la n ts  p o sse ss  sev e ra l p e ro x id a se  iso zy m es . T h ese  iso zy m es  

a re  d iffe re n tia lly  ex p re sse d  in  v a r io u s  tis su e s  an d  o rg an s  in  re sp o n se  to  en v iro n m e n ta l
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co n d itio n s . A c c o rd in g  to  c u rre n t c la ss if ic a tio n , p la n t p e ro x id a se s  are  d iv id e d  in to  tw o  

ty p es : a sc o rb a te  p e ro x id a se  an d  c la ss ic a l p e ro x id ase s  (8).

1.3.1 Ascorbate peroxidase (APX) (EC 1.11.1.11)
P la n ts  h av e  A P X  to  r id  th e m se lv e s  o f  e x ce ss  h y d ro g e n  p e ro x id e  u n d e r 

n o rm a l a n d  s tre ss  co n d itio n s  su ch  as ex tre m e  sa lin ity  an d  san d y  so il. R e a c tiv e  o x y g en  

sp ec ie s  (R O S ), in c lu d in g  su p e ro x id e  (O 20’), H 2 O 2 , h y d ro x y l ra d ic a l (OH*) w h ic h  are  th e  

in e v ita b le  b y -p ro d u c ts  o f  ce ll m e tab o lism . U n d e r  s tre ss fu l c o n d itio n s , th e  fo rm a tio n  o f  

R O S  m a y  b e  e x ce ss iv e . T h ese  R O S  a tta ck  lip id s  an d  p ro te in s  c a u s in g  lip id  p e ro x id a tio n  

an d  p ro te in  d é n a tu ra tio n  (9). T o  p re v e n t th e  d am ag e , p la n t ce lls  a re  eq u ip p e d  w ith  an  

a n tio x id a tiv e  sy s te m  c o n s is tin g  o f  lo w -m o le c u la r-w e ig h t a n tio x id a n ts  su c h  as  a sco rb a te , 

g lu ta th io n e  a n d  p ro te c tiv e  en zy m es , a sco rb a te  p e ro x id a se  (10). A P X  h as  a  h ig h  

p e rfe re n c e  fo r  a sc o rb a te  as a n  e le c tro n  d o n o r. T h e  e n z y m e  c a ta ly ze s  th e  reac tio n :

2 a sc o rb a te  +  H2O2 ------------►  2 m o n o d e h y d ro a sc o rb a te  +  2H2O (11 )

C e llu la r  re g e n e ra tio n  o f  a sc o rb a te  is  a c c o m p lish e d  th ro u g h  th e  d irec t 

re d u c tio n  o f  m o n o d e h y d ro a sc o rb a te  (M D A ) to  a sco rb a te  b y  M D A  re d u c ta se  (M D A R ) 

u s in g  N A D H  as th e  e le c tro n  d o n o r  (F ig . 1)



F ig  1.
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T h e re  are  tw o  ty p es  o f  A P X  in  p la n ts  (13 ), o n e  o f  w h ic h  is  a s so c ia te d  w ith  

th e  c h lo ro p la s ts  w h ile  th e  o th e r is lo c a liz e d  in  n o n -p h o to sy n th e tic  tis su e s  (cy to so lic  

iso zy m e). H o w e v e r, th e  ch lo ro p la s tic  an d  cy to so lic  iso zy m es  o f  a sc o rb a te  p e ro x id a se  

d iffe r  f ro m  e a c h  o th e r  as  fo llo w s  (14): a) th e  c h lo ro p la s tic  iso zy m e  h as  a  v e ry  sh o rt life  

t im e  in  a n  a sc o rb a te -d e p le te d  m ed iu m ; b ) th e  sen s itiv ity  o f  th e  c h lo ro p la s tic  iso zy m e  to 

in h ib ito rs  su ch  as  th io l re ag en ts , p -c h lo ro m e rc u risu lfo n ic  ac id , p -h y d ro x y m e rc u ri-  

b e n z o a te  are  h ig h e r  th a n  th e  cy to so lic  iso zy m e ; c) th e  c h lo ro p la s tic  iso zy m e  is m o re  

sp ec ific  to  a sc o rb a te  as  th e  e le c tro n  d o n o r  th a n  th e  c y to so lic  iso zy m e , an d  d ) th e  

c h lo ro p la s tic  iso z y m e s  h a s  a  n a rro w  p H  o p tim u m .

A P X  is d is tin c t f ro m  g u a iaco l p e ro x id a se  w ith  re sp e c t to  th e  p ro p e rtie s  

sh o w n  in  T a b le  1 (15). E x a m p le s  o f  a sco rb a te  p e ro x id a se s  are:

1. P e a  cy to so lic  a sco rb a te  p e ro x id a se  is a  h o m o d im e r  w ith  m o le c u la r  

w e ig h t o f  5 7 ,5 0 0 , c o m p o se d  o f  tw o  su b u n its  w ith  m o le c u la r  w e ig h t o f  2 9 ,5 0 0 . T he  

e n z y m e  h as  a  h ig h  s ta b ility  in  th e  p re se n c e  o f  a sco rb a te , a  b ro a d e n  p H  o p tim u m  an d  th e  

c a p a b il ity  to  u tiliz e  a lte rn a te  e le c tro n  d o n o rs  su c h  as  p y ro g a llo l, g u a ia c o l (11).

2. A sc o rb a te  p e ro x id a se  in  ro o ts  o f  J a p a n e se  ra d ish  is m o n o m e ric  w ith  

m o le c u la r  m a ss  o f  28  k D  an d  w as s ta b iliz e d  b y  asco rb a te . T h e  e n z y m e  h a s  a  n a rro w  

o p tim u m  a ro u n d  p H  6. I t can n o t u se  g u a iaco l, 2 ,2 ’-d ia m in o b e n z id in e  o r p y ro ca tech o l. 

T h e  e n zy m e  is  la b ile  in  ab sen ce  o f  a sco rb a te  (16).

3. A sco rb a te  p e ro x id a se  in  p o ta to  tu b e rs  is lab ile  in  th e  ab se n c e  o f  

a sco rb a te . I t h a s  a  m o le c u la r  w e ig h t o f  30 kD , a  p H  o p tim u m  o f  7. A sc o rb a te  is 

sp e c if ic a lly  re q u ire d  as th e  e le c tro n  do n o r. T h e  e n zy m e  is in h ib ited  b y  th io l re ag en ts

(17).
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1.3.2 Classical peroxidase
C la ss ic a l p la n t p e ro x id a se s  can  be  d is tin g u ish e d  by  th e ir  n o n -sp e c if ic  u se  

o f  p h e n o lic  d e r iv a tiv e s  as su b stra te s  an d  th e ir  in v o lv e m e n t in  p o ly m e riz a tio n  rea c tio n s  

(18 ). O n e  o f  th e  c o m m o n  su b s tra te s  th a t c a n  b e  u tiliz e d  b y  c la ss ica l p e ro x id a se  is 

g u a iaco l. C la ss ic a l p e ro x id a se s  are  d is tin c t fro m  A P X  as sh o w n  in  T a b le  1.

E x a m p le s  o f  c la ss ica l p e ro x id a se  a re :

1. H o rse ra d ish  p e ro x id a se  (H R P ) E C  (1 .1 1 .1 .7 ) is th e  w e ll-k n o w n  c la ss ica l 

p e ro x id a se . H R P  co n s is ts  o f  m o re  th a n  30 m u ltifo rm s  (19 ) w h ic h  c a n  b e  c la s s if ie d  in to  

3 g ro u p s: a c id ic , n e u tra l an d  b a s ic  iso zy m es  b y  th e ir  iso e le c tr ic  p o in ts . H R P  is  fo u n d  

m a in ly  in  th e  ro o ts  o f  h o rse rad ish . It is  a  h e m o p ro te in  ca ta ly z in g  th e  o x id a tio n  b y  H 2 O 2 

o f  a  n u m b e r  o f  su b s tra te s . I t h as  a  m o le c u la r  w e ig h t o f  40  k D  a n d  re v e rs ib ly  in h ib ite d  

b y  5 -10  M  c y a n id e  an d  su lfid e  (20).

2. P e ro x id a se  in  v acu o le s  o f  p e a  ( Vicia f a b a )  le av es  is a  b a s ic  p e ro x id a se  

w ith  m o le c u la r  w e ig h t o f  49  kD . It is  h e m o p ro te in  an d  h as  a  p H  o p tim u m  a t p H  5. 

C y an id e  a n d  a z id e  in h ib it its  ac tiv ity . T h e  p h e n o lic  co m p o u n d s  su ch  as q u e rc e tin , 

k a e m p fe ro l an d  ru tin  h av e  b e e n  fo u n d  in  th e  v a c u o le s  o f  Vicia f a b a  le av es  an d  th e y  can  

be  o x id iz e d  b y  th e  p e ro x id a se  in  v acu o le s  in  th e  p re se n c e  o f  H 2O 2 (21).

3. L ig n in  p e ro x id a se

L ig n in  is  a  p o ly m e r  o f  p h e n y lp ro p a n e  u n its  (m o n o lig n o l p re c u rso rs ) , 

su ch  as p -c o u m a ry l, co n ife ry l, an d  s in ap y l a lco h o ls  (25). T h e  lig n in  sy n th esis , a 

p h e n o lic  h y d ro g e n  a to m  is re m o v e d  fro m  c o n ife ry l a lco h o l e n z y m a tic a lly  (F ig . 2). T he 

p h e n o x y  ra d ic a l th u s  fo rm ed  is  in  re so n a tin g  s ta te  am o n g  sev e ra l s tru c tu re s , an d  a 

ra d ic a l re a c ts  w ith  an o th e r  rad ica l to  fo rm  lign in .
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Table 1 Comparison between ascorbate peroxidases and classical peroxidases

P ro p e rtie s A sc ro b a te  p e ro x id a se s C la ss ica l p e ro x id a se s

G ly c o p ro te in N o Y es
H em e Y es/N o Y es
C a 2+ b in d in g N o Y es
S u b s tra te A sco rb a te G u a iaco l o r  p h e n o lic  co m p o u n d s : 

D A B , o -d ia n is id in e , p y ro g a llo l, 
co n ife ry l a lco h o l

In h ib it io n  b y  th io l 
re ag en ts

Y es (14 ) N o  (14 )

P h y s io lo g ic a l ro le s T o  sc av en g e  ex ce ss B io sy n th e tic  p ro c e ss  (36 )
H 2O 2 fo rm e d  in  p la n t - lig n in  p o ly m e riz a tio n  (37 )
ce ll u n d e r  n o rm a l an d - p a th o g e n  d e fen se
stre ss  co n d itio n s - w o u n d -h e a lin g

- su b e riz a tio n
- in v o lv e d  in  th e  b io sy n th e s is  an d  

p o ly m e riz a tio n  o f  e x te n s io n
- p h e n o l o x id a tio n
- th e  o x id a tiv e  d e te r io ra tio n  o f  

v eg e tab le s

S u m m a riz e d  fro m  (15 ) an d  o th e r  so u rces  as in d ica ted .
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P e ro x id a se  p a r tic ip a te s  in  th e  b io g e n e s is  o f  lig n in . T h e  e n zy m e  can  

c o n v e r t c o n ife ry l a lc o h o l in to  a  lig n in - lik e  m a te r ia l w h ic h  is c a lled  th e  d eh y d ro g e n a tiv e  

p o ly m e riz a tio n  p ro d u c t (D H P ) (25).

çh2oh çh2oh
ÇH ÇH
CH ~H* ÇH ^ = ^

(Peroxidase)

OC H 3 i ;  OCI-I3OH O*

ÇH2OH
*ÇH~

o c h 3
O

(a) (b)

F ig  2. S ch em e  o f  d eh y d ro g e n a tiv e  p o ly m e riz a tio n  p ro d u c ts  o f  co n ife ry l a lc o h o l (29). 

(a) -  (d ) a re  th e  re so n a n t fo rm s

4. P e ro x id a se  fo u n d  in v o lv e d  in  p la n t ce ll w a ll sy n th esis  th re e  d iffe re n t 

c la sse s  o f  p r im a ry  ce ll w a ll s tru c tu ra l p ro te in s  (2 2 ) in  p lan ts  a re  h y d ro x y p ro lin e -r ic h  

g ly c o p ro te in s  (ex te n s in s ) , p ro lin e -r ic h  g ly co p ro te in s  an d  g ly c in e -ric h  p ro te in s . 

E x te n s in s  are  sy n th e s ise d  as so lu b le  p re c u rso rs  b u t th e y  are  im m o b iliz e d  in  th e  ce ll w a ll 

b e  a  h y d ro g e n  p e ro x id e /p e ro x id a se -m e d ia te d  p ro c e ss  (23). E n h a n c e d  d e p o s itio n  an d  

c ro ss - l in k in g  o f  ex te n s in s  in  th e  p la n t ce ll w a ll lead  to  a  m o re  re s is ta n t b a rr ie r  ag a in s t 

p a th o g e n  in fec tio n . In d u c tio n  o r in h ib itio n  o f  ex te n s in s  d e p o s itio n  can  re su lt in 

in c re a se d  o r d e c re a se  p a th o g e n  re s is tan ce  re sp e c tiv e ly  (24).
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5. P e ro x id a se  sec re ted  in  re sp o n se  to  w o u n d in g  in  H e v e a  b ark , 

p e ro x id a se  ac tiv ity  is in d u ced  b y  w o u n d in g  fro m  ta p p in g  in ju ry . T h e  e n z y m e  can  

c o n v e r t w o u n d - in d u c e d  la tex  p h e n o ls  in to  p h e n o lic  p o ly m ers . T h u s  th e  H e v e a  b a rk  

p e ro x id a se  m a y  h a v e  a n  o p p o s in g  e ffe c t o n  th e  la tex  f lo w  (27).

1.4 Cassava peroxidase
In  o u r  re se a rc h  g ro u p , p e ro x id a se s  h av e  b e e n  s tu d ie d  in  m a n y  c a s sa v a  tissu es:

1.4.1 In  ro o ts  o f  c a ssa v a  p la n tle t, p e ro x id a se  ac tiv ity  w as  fo u n d  to  b e  h ig h e r  th an  

in  c a s sa v a  tu b e rs  (c a ssa v a  ro o ts). T h is  iso zy m e  sh o w ed  p H  o p tim u m  a t 4  an d  p H  

s ta b ili ty  a t 6.5  an d  ex h ib itin g  th e  K m  o f  0 .07  p M  fo r  3 -3 ' D ia m in o b e n z id in e  

te tra h y d ro c h lo r id e  (D A B ) an d  0 .33 m M  fo r h y d ro g e n  p e ro x id e  (71).

1 .4 .2  In  c a ssav a  tu bers , p e ro x id ase  w ere  sep ara ted  in to  3 g ro u p s; A , B , c  

a c co rd in g  to  th e ir  m o b ilitie s  in  n o n d en a tu ra tin g  P A G E  (F ig . 5). In  p o s t-h a rv es t 

d e te rio ra tio n  (F ig . 3), th e  ac tiv ity  o f  p e ro x id ase  iso zy m e A  fro m  th e  p a re n c h y m a  and  

c o rtex  o f  c a s sa v a  in creases  w h ile  iso zy m e  B an d  c  d ecreases  s ig n ifican tly  (F igs. 4-5).

1.4.3 In  c a s sa v a  leav es, 3 fo rm s o f  p e ro x id a se  w e re  d e te c te d  o n  N D -P A G E , w ith  

th e  s lo w e s t m ig ra tin g  b an d  ap p e a re d  a t s im ila r  p o s itio n  as iso zy m e  A  in  d e te rio ra te d  

c a s sa v a  tu b e r. It w as  fo u n d  to  be  h e m o p ro te in  w ith  m o le c u la r  w e ig h t o f  112 K d . It can  

b e  se p a ra te d  in to  2 fo rm s o n  IE F  gel w ith  p i  v a lu e s  o f  6 .4  an d  6 .25 .

T h e  e n z y m e  w as  s tab le  in  a  b ro a d  p H  ra n g e  o f  4-11 an d  its  o p tim u m  p H  w a s  6. 

T h e  c a s sa v a  le a f  p e ro x id a se  can  c a ta ly ze  th e  o x id a tio n  o f  th e  fo llo w in g  su b stra te s : 

co n ife ry l a lc o h o l (K m =  0 .003  m M ), o -d ia n is id in e  (K m =  0 .0 3 7  m M ), q u e rc e tin  (K m = 

0 .0 5 4  m M ), sy r in g a ld a z in e  (K m =  0 .0 7 7  m M ) 3 .3 '-d ia m in o b e n z id in e  (K m =  0 .0 2 2  m M ),
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pyrogallol (Km = 0.89 mM) and guaiacol (Km = 5.52 mM). KCN, NaN3 and thiourea

were inhibitory to the enzyme (56).

A  B

F ig . 3 C o rte x  an d  p a re n c h y m a  o f  c a s sa v a  tu b e r

A . f re sh  c a s sa v a  (0  day )

B. s to ra g e  c a ssa v a  a t ro o m  te m p e ra tu re  (7  d ay s)
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F ig  4. C h ro m a to g ra m s  o f  p e ro x id a se  ac tiv ity  in  c a ssa v a  tu b e rs  

F re sh  c a s sa v a  tu b e rs  0 day  

S to rag ed  c a s sa v a  tu b e rs  7 d ay s

O n e  u n it w as  d e f in e d  as a  ch an g e  o f  o n e  ab so rb a n c e  u n it a t 46 5  n m  p e r  m in .
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F ig  5. P e ro x id a se  ac tiv ity  s ta in  o f  n o n d e n a tu rin g -P A G E  o f  c a s sa v a  tu b e rs  (c ru d e  

ex tra c ts )

L a n e  1 =  C o rtex  0 d ay  

L an e  2 =  C o rte x  7 d ay s  

L a n e  3 =  P a re n c h y m a  0 day  

L a n e  4  =  P a re n c h y m a  7 d ay s  

L a n e  5 =  H R P

A m o u n t lo a d e d  in  each  lan e  =  0 .2  บ

T h e  g e l (5 % ) w as  s ta in ed  fo r  p e ro x id a se  ac tiv ity

A , B , c  =  s ta in ed  fo r g ro u p s  o f  p e ro x id a se s
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1.5 . P e ro x id a s e  r e a c t io n s

P e ro x id a se  c a ta ly ze s  th e  o x id a tio n  o f  a  e le c tro n  d o n o r  (A H ) u s in g  h y d ro g e n  

p e ro x id e  as  th e  h y d ro g e n  accep to r. T h e  s tab le  o x id a tio n  p ro d u c t (A ) is p ro d u c e d  b y  th e  

reac tio n . T h e  o v e ra ll re a c tio n  m e c h a n ism s  is sh o w n  b e lo w  (28).

N a tiv e  E n z y m e  +  H 2O 2 ----------------- ►  C o m p o u n d  I

C o m p o u n d  I +  A H ------------------------ ►  C o m p o u n d  II +  A

C o m p o u n d  II +  A H ----------------------- ►  N a tiv e  E n zy m e  +  A  +  2 H 2O 2

S um : H 2O 2 +  2 A H ----------- ►  2 A  +  2 H 20 2

O x id a tio n  o f  th e  su b s tra te  (A H ) in v o lv e s  th e  a c tiv a tio n  o f  fe rr ic  p e ro x id a se  by  

H 2 O 2 . In  th e  p ro c e ss , tw o  e lec tro n s  a re  re m o v e d  fro m  th e  n a tiv e  e n zy m e , p ro d u c in g  

fe rry l (IV ) p o rp h y rin  c a tio n  rad ica l (o r  p ro te in  rad ica l)  o f  th e  e n z y m e  k n o w n  as 

c o m p o u n d  I. C o m p o u n d  I is a n  ac tiv e  fo rm  o f  en zy m e . I t is u n s ta b le  an d  h as  a 

c h a ra c te r is t ic  g re e n  co lo r. I t can  o x id iz e  o rg a n ic  co m p o u n d s  (A H ), an d  i t s e l f  is  red u ced  

b y  a n  e le c tro n  to  c o m p o u n d  II. C o m p o u n d  II is  a lso  an  ac tiv e  fo rm . I t is q u ite  s tab le  

an d  h a s  a  c h a ra c te r is t ic  re d  co lo r. A  su b se q u e n t o n e -e le c tro n  o x id a tio n  re tu rn s  th e  

p e ro x id a se  to  its  fe rr ic  sta te . T h e  e x ce ss  o f  H 2 O 2 co n v e rts  c o m p o u n d  II in to  c o m p o u n d

III. C o m p o u n d  III is k n o w n  as o x y p e ro x id a se  w h ic h  is an  in a c tiv e  f ro m  o f  th e  en zy m e  

as sh o w n  th e  fo llo w in g  eq u a tio n .

C o m p o u n d  II +  H 2 O 2 ------------------- ►  C o m p o u n d  III, in ac tiv e

T h e  re a c tio n  are  g en e ra lly  co n s id e re d  as  ir re v e rs ib le  ch an g e . T h e  ra te ­

d e te rm in in g  s tep  in  p e ro x id a tio n  is th e  re tu rn  o f  c o m p o u n d  II b a c k  to  th e  n a tiv e  en zy m e

(32).
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A  n u m b e r  o f  su b s tra te s  c a n  b e  u sed  as  h y d ro g e n  d o n o rs  in  p e ro x id a se  

re a c tio n , eg . p h e n o ls  3 ’,3 -d ia m in o b e n z id in e  (D A B ), co n ife ry l a lc o h o l, g u a iaco l, 

p y ro g a llo l an d  o -d ian is id in e . T h e ir  re a c tio n s  are  sh o w n  in  F ig u re  6 . T h e  D A B  assay  

p ro v id e s  a  su ita b le  p ro c e d u re  fo r  q u a n tita t io n  an d  b io c h e m ic a l c h a ra c te r iz a tio n  o f  

p e ro x id a se s , im m u n o c h e m ic a l s tu d ies  u s in g  p e ro x id a se - la b e le d  an tig e n -a n tib o d y  

re a c tio n s  an d  h is to c h e m ic a l s ta in in g  fo r p e ro x id ase .

T h e  re a c tio n s  u s in g  so m e  se lec ted  su b s tra te s  o f  p e ro x id a se s  are  sh o w n  b e lo w :
(a) D ia m in o b e n z id in e  (32 )

Peroxidase / H202DAB ---------------------5»- Polymer + H20

Polymer(Brown pigment) A465 nm

(b) P y ro g a llo l (3 3 )

H°Yไ
HCK

3H,Oj

p u r p u r o g a llin  ; A430 nm
F ig . 6 T h e  re a c tio n  o f  p e ro x id a se  u s in g  se le c te d  su b s tra te s
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(c) Guaiacol (34)

+  S H g O

te tr a g u a ia c o l ; A 470 nm

(d) O-Dianisidine (35)

Mv  HN
^C  OCH, HC

HC CH
T  +HC'' ^CH

l« I
ท 3C O c > c

H/ N v H

N
l |

H,0 peroxidase
2'-'2

XC\  /HC Ç
แ  IIHC^ CM

2H202 +
H3 C(KJ c  CHjl ilHC i n  

' c '
N
H

OCH,

Oxidized O-dianisidine A4 6 U

F ig . 6 ( c o n t’d ) T h e  re a c tio n  o f  p e ro x id a se  u s in g  se le c te d  su b s tra te s
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1.6 Application of peroxidases
P e ro x id a se s  h a v e  b e e n  u se d  m a in ly  an a ly tic a l in  b io sc ien ce . S e le c te d  p o p u la r  

ap p lic a tio n s , a re  b e lo w :

1.6.1 Peroxidase-conjugated antibody fo r  enzyme-linked immunosorbant
assay (ELISA)
T h e  u se  o f  en zy m e -la b e lle d  a n tib o d y  in  im m u n o c h e m is try  a n d  E L IS A  is 

p o p u la r  b e c a u se  o f  th e ir  s im p lic ity  an d  se n s itiv ity  (30). T h is  te c h n iq u e  a llo w s  d e tec tio n  

an d  q u a n tita t io n  o f  sm a ll am o u n ts  o f  a n tig e n  o r a n tib o d y  in  b io lo g ic a l f lu id . M an y  

d iffe re n t en z y m e s  h a v e  b een  used . A m o n g  th e se , h o rse ra d ish  p e ro x id a se  is  w id e ly  

em p lo y ed .

In  th e  E L IS A , an  an tib o d y  sp ec ific  fo r p ro te in  o f  in te re s t is  a tta c h e d  to  

th e  b o tto m  o f  a  w e ll in  a  p la s tic  tray , to  w h ic h  b io lo g ica l f lu id  a re  ad d ed . I f  a n y  p ro te in  

is p re se n t, it w ill b in d  to  th e  an tib o d ies . T he  w e ll is th e n  w ash ed , an d  a  se c o n d  a n tib o d y  

a lso  sp ec ific  fo r  th e  p ro te in  a lso  is add ed . T h is  seco n d  a n tib o d y  is lin k e d  to  an  e n zy m e  

p e ro x id a se  th a t c a ta ly z e s  th e  c o n v e rs io n  o f  a  co lo r le ss  su b s tra te  to  a  co lo re d  o n e ; th e  

a m o u n t o f  c o lo re d  c o m p o u n d  p ro d u c e d  p ro v id e s  a  sen s itiv e  m e a su re  o f  th e  a m o u n t o f  

p ro te in  p re sen t.

1.6.2 Electronmicroscopic stain in g
Im m u n o e le c tro n  m ic ro sc o p y  is  a  te c h n iq u e  c h a ra c te r iz e d  by  th e  

a s so c ia tio n  o f  v a r io u s  e le c tro n -d e n se  m ark e rs  w ith  a n tib o d y  o r o th e r  im m u n o re a c tiv e  

m a c ro m o le c u le s . U n d e r  e le c tro n  m ic ro sc o p e , it  is p o ss ib le  to  id en tify  th e  an tig en - 

a n tib o d y  c o m p le x e s  a t th e  u ltra s tru c tu ra l level.
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H is to c h e m ic a l m e th o d s  fo r  p e ro x id a se  lo c a liz a tio n  in  tis su e s  o r c e lls  w as 

f irs t d e v e lo p e d  in  1966 by  G rah am  a n d  K a m o v sk y . T h e  v isu a liz a tio n  o f  th e  en zy m e  

lo c a liz a tio n  is  b a se d  o n  th e  u se  o f  D A B . T he  p o ly m e r  en d  p ro d u c ts  fo rm  th e  p re c ip ita te , 

in so lu b le  an d  e le c tro n -o p a q u e  p ro d u c t a t th e  s ite  o f  th e  p e ro x id a se  re a c tio n  (31 ). T issu e  

w as  d e h y d ra te d  th ro u g h  a  g rad ed  se rie s  o f  e th an o l, an d  e m b e d d e d  in  p a ra ffin . 

S p e c im e n s  w e re  c u t in to  sm a ll p ie c e s  in  th ic k n e ss  a n d  th e n  s ta in ed  

im m u n o h is to c h e m ic a lly  b y  in c u b a tio n  w ith  d ilu te d  a n ti-p e ro x id a se  a n tise ru m , th e  tissu e  

se c tio n s  w a s  se q u e n tia lly  e x p o sed  to  a n ti- ra b b it im m u n o g lo b u lin s  an d  H R P  p e ro x id a se -  

c o n ju g a te d  s tre p ta v id in . T he  s ta in in g  re a c tio n  w a s  v isu a liz e d  w ith  D A B .

1.6.3 Enzym e coupled assays
H y d ro g e n  p e ro x id e  is p ro d u c e d  b y  e n zy m ic  c o n v e rs io n  o f  a  n u m b e r  o f  

c lin ic a lly  s ig n if ic a n t co m p o u n d s . O n e  o f  th e  m e th o d s  to  fo llo w  th e  fo rm a tio n  o f  H 2O 2 is 

b y  u s in g  a  p h e n o lic  c o m p o u n d  to  fo rm  a  co lo re d  p ro d u c t in  th e  p re se n c e  o f  a  p e ro x id ase .

F o r  ex am p le , in  u ric  a c id  a ssay , c h ro m o g e n  A B T S  (2 ,2 ’-az in o d i(3 -

e th y lb e n z th ia z o lin e -6 -su lfo n a te )  c an  b e  used .
u rica se

U ric  a c id  +  (ว2 ----------------- ►  a lla n to n in  +  H 2O 2 +  c c >2

H 20 2 +  ABTSred--------------- ►  ABTSox +  2H 20  (3 8)

A  n e w  c h e m ilu m in e sc e n t a ssay  o f  lin a m a rin  c o n s is ts  o f  co u p led  

re a c tio n s . T h e  f irs t re a c tio n  is  th e  co n v e rs io n  o f  lin a m a rin  to  g lu co se  b y  lin am ara se . 

T h e  se c o n d  re a c tio n  is  th e  co n v e rs io n  o f  g lu c o se  to  H 2 O 2 b y  g lu co se  ox id ase . 

U tim a te ly , H 2 O 2 is  a ssa y e d  b y  ad d in g  lu m in o l so lu tio n  c o n ta in in g  o f  H R P  to  g iv e  3- 

a m in o p h th a la te  w ith  th e  e m iss io n  o f  lig h t (39).
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G lu co se

L in a m a rin >- C y an o h y d rin
Linamarase

g lu co se  o x id ase
G lu c o se  +  H 2O  + 02 H 2O 2 +  g lu c o n ic  ac id

H 2 O 2 +  lu m in o l H R P >• 3 -a m in o p h th a la te  +  lig h t

1.7 D e g ly c o s y la tio n  o f  p e r o x id a s e

E n zy m e  d eg ly co sy la tio n  g ly co p ro te in s  u su a lly  u sed  w ith  are  th e  en d o g ly c o s id asse  

N -g ly co n ase , en d o  M , an d  end o  F (40). T h ese  en d o g ly c o sd a se s  h a d  no  e ffe c t o n  H R P . 

C h e m ic a l d e g ly c o sy la tio n  u s in g  tr if lu o ro m e th a n e su lfo n ic  a c id  (T F M S ) h a v e  b e e n  

e m p lo y e d  b y  se v e ra l g ro u p s  (40). P e ro x id a se s  h av e  b e e n  re p o rte d  to  b e  g ly c o p ro te in s  

(20). D e g ly c o sy la tio n  s tu d ie s  hav e  b e e n  p e rfo rm e d  on  p e ro x id a se  o f  p e a c h  seed s  (41 ) 

a n d  a v o c a d o  (42).

P a rtia l d e g ly c o sy la tio n  o f  an  an io n ic  p e ro x id a se  p u rif ie d  f ro m  p e a c h  seed s  u s in g  

N -g ly c o s id a se  (P N G a se  F ) re su lte d  in  re d u c e d  ac tiv ity  a g a in s t se le c te d  su b s tra te s , a 

h ig h e r  K m  fo r  H 2O 2 , h ig h e r  v a lu es  fo r  A rrh e n iu s  a c tiv itio n  en e rg y  an d  en th a lp y , an d  a  

d e c re a se  in  e n z y m e  s tab ility  a t 4 ° c .  P a rtia l d e g ly c o sy la tio n  o f  a n  a v o c a d o  p e ro x id a se  

u s in g  P N G a se  F  a lso  cau sed  a  d ec rea se  in  th e  K m fo r re d u c to r  su b s tra te s  a n d  a d ec rea se  

in  th e rm o s ta b ility . T o g e th e r, th e se  e x p e rim e n ts  su g g es t th a t th e  g ly c a n  is im p o rta n t fo r

e n z y m e  a c tiv ity  an d  s tab ility .
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1.8 A im  o f  th e s is

T h e  a im  o f  th is  s tu d y  is to  p u rify  an d  ch a ra c te r iz e  th e  p e ro x id a se  fo rm  A  fro m  

p a re n c h y m a  o f  p o s t-h a rv e s te d  c a s sa v a  ro o ts  in c lu d in g  c o m p a ra tiv e  s tu d y  o f  the  

d e g ly c o sy la te d  an d  n a tiv e  en zy m es.
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