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CHAPTER II
MATERIALS AND METHODS

2.1 Plant materials
C a ssa v a  tu b e rs  w e re  p u rc h a se d  fro m  P a k  K lo n g  T a  L ad  m a rk e t, B an g k o k , 

T h a ilan d .

2.2 Chemicals
N a m e  o f  C h em ica ls C o m p an y

A m m o n iu m  su lfa te  (N H 4)2 S 0 4 S ig m a
P o ly v in y lp o ly p y rro lid o n e  (P V P P ) S ig m a
A c ry la m id e S ig m a
C o n c a n a v a lin  A  sep h a ro se  4B S ig m a
N ,N -m e th y l-b is -a c ry la m id e S ig m a
M e rc a p to e th a n o l S ig m a
IE F  m a rk e r  k it S ig m a
S ta n d a rd  m a rk e r  p ro te in  fo r  S D S -P A G E S ig m a
C o o m a ss ie  b r il lia n t b lu e  R -2 5 0 S ig m a
3 ,3 -d ia m in o b e n z id in e  te trah y d ro c h lo rid e  (D A B ) S ig m a
B o v in e  se ru m  a lb u m in  (B S A ) S ig m a
T  r is  [h y d ro x y m eth y l]  a m in o m e th an e S ig m a
G ly c in e S ig m a
S o d iu m  d o d e c y l su lfa te  (S D S ) S ig m a
G u a iaco l S ig m a
P y ro g a llo l S ig m a
O -D ian isid ine S ig m a
C o n ife ry l a lc o h o l S ig m a
S y rin g a ld a z in e S ig m a
Q u e rc e tin S ig m a
S o d iu m  a z id e S ig m a
a -D -m e th y lg lu c o p y ra n o s id e S ig m a
B ro m o p h e n o l b lu e S ig m a



22

N a m e  o f  C h e m ic a ls C o m p a n y

P h a rm a ly te  p H  3 -10 S ig m a
D N P -ly s in e S ig m a
S e p h a d e x  G -2 0 0 P h a rm a c ia
H y d ro g e n  p e ro x id e  3 5 %  (H 2O 2) M erck
D im e th y lsu lfo x id e  (D M S O ) M erck
M eth a n o l M erck
S o d iu m  ca rb o n a te M erck
F o l in -c io c a lte a u ’s p h en o l reag en t M erck
G lac ia l a c e tic  ac id M erck
p o ta s s iu m  m o n o h y d ro g e n  p h o sp h a te M erck
p o ta s s iu m  d ih y d ro g en  p h o sp h a te M erck
E th a n o l M erck
H y d ro c h lo r ic  a c id  (HC1 ) M erck
A sc o rb ic  a c id N a tio n a l B io c h e m ic a l C o rp
N ,N ,N ',N '- te tra m e th y l e th y len e  d iam in e  (T E M E D ) F lu k a
T h io u re a F lu k a
C o p p e r  su lfa te M ay  an d  B a c k e r
A m m o n iu m  p e rsu lfa te M ay  an d  B ak e r
P o ta s s iu m  cy an id e C a rlo -E rb a
G ly ce ro l C a rlo -E rb a
S u lfu ric  a c id C a rlo -E rb a
T rif lu o ro m e th a n e  su lfo n ic  ac id  (T F M S ) S ig m a
P y rid in M erck
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2.3 Equipments
Equipments/Model Company

C e n tr ifu g e /2 K  15 S ig m a
C e n tr ifu g e /R C  5C  p lu s S orvall
E le c tro p h o re s is  บทit/M ig h t S m all II H o e fe r  P h a rm ac ia  B io tech , U S A
F ra c to n  c o lle c to r/L K B  7 0 0 0  U ltro rac P h a rm a c ia  L K B , S w ed en
P e ris ta tic  p u m p /P -1 P h a rm a c ia  B io tech , S w ed en
E le tro p h o re s is  p o w e r  su p p ly /2 1 9 7 L K B , B ro m m a
G y ro ta ry  w a te r  b a th  sh ak e r /B 7 6 D N e w  B ru n sw ic k  S c ien tif ic , U S A
S p e c tro p h o to m e te r /u v -160 S h im azu
S p e c tro p h o to m e te r/u v -2 5 0 / PC S h im azu

2.4 Preparation of crude cassava parenchyma peroxidase
C a ssa v a  ro o t (4 ,5 0 0  gm ) s to re d  fo r 7 days w as  p e e le d  an d  th e  co rte x  w as 

rem o v ed . T h e  p a re n c h y m a  w as ch o p p e d  an d  h o m o g e n iz e d  in  a  b le n d e r  in  ice  co ld  

0.1 M  p o ta s s iu m  p h o sp h a te  b u ffe r  p H  6 .8 , co n ta in in g  1 m M  p h en y lm e th y lsu lfo n y l 

f lu o rid e  (P M S F ) an d  2 %  พ /พ  o f  P V P P  a t th e  tis su e  to  b u ffe r  ra tio  o f  1:1 (w /v ). T he  

h o m o g e n a te  w a s  f ilte re d  th ro u g h  f ilte r  c lo th  an d  c e n trifu g ed  a t 10 ,000  X g fo r 30  m in  

a t 4 ° c  in  S o rv a ll R C -5 C  p lu s  re fr ig e ra te d  cen trifu g e . T h e  su p e rn a ta n t w as  co lle c ted  

as  c ru d e  e x tra c t fo r  fu rth e r  ex p e rim en ts .

2.5 Purification of cassava parenchyma peroxidase
2.5.1 Am m onium  sulfate precipitation

T h e  c ru d e  ex tra c t w as  f rac tio n a ted  by  s lo w ly  ad d in g  so lid  fine  

a m m o n iu m  su lfa te  to  4 0 %  sa tu ra tio n  w ith  c o n tin u o u s  s tirr in g  a t 4 ° c .  P re c ip ita tio n  

w a s  a llo w e d  to  fo rm  fo r  4  h o u rs  a t 4 ° c .  A fte rw a rd , th e  p re c ip ita te  w as  co lle c te d  by  

c e n trifu g a to n  a t 10 ,000  X  g fo r  30  m in  a t 4 ° c .  T he  su p e rn a ta n t w a s  ra ised  to  80%
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sa tu ra tio n  by  fu rth e r  ad d in g  an  ap p ro p ria te  am o u n t o f  a m m o n iu m  su lfa te . P rec ip ita te  

fro m  each  s tep  w as  red isso lv ed  in  a  sm all vo lu m e  o f  20  m M  p o tass iu m  p h o sp h a te  

b u ffe r  p H  6.8 an d  d ia ly zed  o v ern ig h t ag a in s t a  large v o lu m e  o f  th e  sam e  bu ffer. A ny 

p rec ip ita te  fo rm e d  d u rin g  d ia ly sis  w as rem o v ed  by  cen trifu g a tio n  a t 10 ,000 X  g fo r 20 

m in  a t 4 ° c .

2.5.2 Concanavalin A-Sepharose 4B column chromatography

C o n c a n a v a lin  A -S e p h a ro se  4B  w as w a sh e d  4 tim e s  in  d is til le d  w a te r  

to  re m o v e  th e  e th a n o l u se d  to  p re se rv e  th e  gel. T h e  se ttled  g e l w as  th e n  su sp e n d e d  in  

2 v o lu m e s  o f  50  m M  p o ta s s iu m  p h o sp h a te  b u ffe r, p H  6 .8 . T h e  gel su sp e n s io n  w as 

p a c k e d  in to  a  g la ss  co lu m n  (1 .8  X 8 cm ) u s in g  a  p e r is ta ltic  p u m p  a t a  f lo w  ra te  o f  

15 m l/h r. T h e  c o lu m n  w as  p re -e q u ilib ra te d  w ith  10 co lu m n  v o lu m e s  o f  50  m M  

p o ta s s iu m  p h o sp h a te  b u ffe r, p H  6.8 c o n ta in in g  0 .2  M  N a C l a t a  f lo w  ra te  o f  15 m l/h r.

T h e  a m m o n iu m  su lfa te  f ra c tio n  a t 80 %  sa tu ra tio n  w as d ia ly sed  

a g a in s t an  e x c e ss  v o lu m e  o f  th e  50  m M  p o ta s s iu m  p h o sp h a te  b u ffe r, p H  6.8 

c o n ta in in g  0 .2  M  N a C l o v e rn ig h t a t 4 ° c .  T h e  d ia ly zed  sam p le  w as  cen trifu g e d  at 

10 ,00 0  x g  fo r  20  m in  a t 4 ° c .  T he  su p e rn a ta n t fra c tio n  (15 m l, a b o u t 30  m g  p ro te in )  

w as  lo a d e d  o n to  th e  co lu m n . T he  c o lu m n  w a s  w a sh e d  w ith  th e  s ta r tin g  b u ffe r  fo r 10 

c o lu m n  v o lu m e s , u s in g  f lo w  ra te  o f  15 m l/h r. T h e  e lu tio n  o f  b o u n d  p ro te in s  can  be 

a c h ie v e d  by  u s in g  a  s tep w ise  g rad ien t o f  a -D -m e th y l g lu co p y ra n o s id e  (a t 0.3 M  and  

0.5 M ) in  th e  s ta r tin g  b u ffe r  o v e r  10 c o lu m n  v o lu m es , a t th e  sam e  f lo w  ra te . F ra c tio n  

o f  3 m l e a c h  w e re  co llec ted . T h e  e lu tio n  p ro f ile  w as  m o n ito re d  fo r p ro te in  by 

m e a su rin g  th e  ab so rb a n c e  a t 2 8 0  n m  an d  th e  p e ro x id a se  ac tiv ity  w as  d e te rm in e d  as 

d e sc r ib e d  in  se c tio n  2 .7 . T he  frac tio n s  co n ta in in g  th e  b o u n d  p e ro x id a se  a c tiv ity  w ere  

p o o le d  fo r  fu r th e r  p u rific a tio n s .
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2.5.3 Sephadex G-200 column

S ep h ad ex  G -20 0  w as sw o llen  in  d is tilled  w a te r  fo r 5 h o u rs  a t 9 0 ° c . 

T h e  se ttled  gel w as th en  su sp en d ed  in  2 v o lu m es  o f  20  m M  p o ta ss iu m  p h o sp h a te  bu ffe r 

p H  6.8 . T he  gel su sp en sio n  w as d eg assed  an d  p ack ed  in to  a  g lass co lu m n  (52  X  2.5 

cm ) u s in g  a  p e ris ta ltic  p u m p  at f lo w  ra te  o f  15 m l/h r. T he  co lu m n  w as  ca lib ra ted  w ith  

a  m o lecu la r  w e ig h t m ark e r k it co n ta in in g  a ld o lase  (M r =  158 ,000), b o v in e  serum  

a lb u m in  (M r =  68 ,00 0 ), ch y m o try p sin o g en  (M r =  27 ,00 0 ), an d  r ib o n u c léase  (M r =  

13,700).

T h e  p a r tia lly  p u rif ie d  b o u n d  en zy m e  fro m  th e  C o n c a n a v a lin  A  

S ep h a ro se  4B  c o lu m n  (se c tio n  2 .5 .2 )  w as  d ia ly zed  ag a in s t th e  s ta r tin g  b u ffe r. A n  

a l iq u o t  (1 m l, a b o u t  2 m g )  w a s  lo a d e d  o n to  th e  c o lu m n  a n d  e lu te d  a t a  f lo w  ra te  

o f  12 m l/h r . F ra c t io n s  o f  2 m l e a c h  w e re  c o lle c te d . T h e  e lu tio n  p ro f ile  w as 

m o n ito re d  fo r  p ro te in  by  m easu rin g  th e  ab so rb a n c e  a t 28 0  n m  an d  p e ro x id a se  a c tv ity  

w as  d e te rm in e d  as d e sc r ib e d  in  sec tio n  2 .7 . T h e  frac tio n s  c o n ta in in g  p e ro x id a se  

w e re  p o o le d  a n d  u se d  fo r fu rth e r  ch a rac te riz a tio n .

2.6 Protein determination
P ro te in  c o n c e n tra tio n  w as d e te rm in e d  by  th e  m e th o d  o f  L o w ry  e t al (45 ) an d  

b o v in e  se ru m  a lb u m in  (2 0 -1 0 0  p g ) w as  u se d  as s tan d a rd  p ro te in .

T h e  a ssa y  m ix tu re  c o n ta in ed  100 p i o f  d ilu te d  p ro te in  so lu tio n  an d  3 m l o f  

fre sh ly  p re p a re d  a lk a lin e  co p p e r  so lu tio n  (1 0 0  m l o f  2 %  N a 2CC>3 in  0.1 M  N a O H  w as 

m ix e d  w ith  1 m l o f  1%  p o ta s s iu m  so d iu m  ta r tra te  an d  1 m l o f  0 .5 %  c o p p e r  su lfa te ). 

T h e  m ix tu re  w a s  le f t a t ro o m  te m p e ra tu re  fo r  10 m in  an d  th e n  0.3 m l o f  1 M  F o lin  

re a g e n t w a s  a d d e d  an d  m ix e d  in  th o ro u g h ly . T h e  m ix tu re  w as le f t fo r  an o th e r  30 m in
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an d  th e n  th e  a b so rb a n c e  a t 65 0  ท!ท w as  m ea su re d  u s in g  a  S h im a d z u  u v -1 6 0  sp e c tro 

p h o to m e te r .

W h e n  a m o u n t p ro te in  w as  lo w , p ro te in  c o n c e n tra tio n  w as  d e te rm in e d  b y  th e  

m e th o d  o f  B a rd fo rd  (44 ) u s in g  b o v in e  se ru m  a lb u m in  as s tan d ard . O n e  h u n d red  

m ic ro ti tre s  o f  sam p le  w as  m ix e d  w ith  1 m l o f  C o o m ass ie  b lu e  re a g e n t an d  le ft fo r  5 

m in u te s  b e fo re  m e a su re d  a b so rb an ce  a t 595 nm . O n e  litre  o f  C o o m a ss ie  b lu e  reag en t 

w as  th e  m ix tu re  o f  100 m g  C o o m ass ie  b lu e  G -2 5 0 , 50 m l o f  e th an o l, 100 m l o f  85%  

p h o sp h o r ic  a c id  an d  850 m l d is tille d  w ate r.

2 .7  A ssa y  o f  p e r o x id a se  a c tiv ity  u s in g  D A B

T he perox id ase  activ ity  w as m easured  by  the  m od ified  m e th o d  o f  H erzog  and 

F ah im in  (46) b y  fo llow ing  the  in itia l rate in  the  conversion  o f  fresh ly  p repared  3 ,3 '- 

d iam ino ben z id ine  (D A B ) to  the  p rod uct w h ich  has abso rbance at 465 n m  using  a 

S h im ad zu  u v  v isib le  spectrophotom eter. T he assay m ix tu re  (3 m l) con ta ined  0.25 m M  

D A B  in  0.1 M  po tassiu m  ph osp hate  bu ffer p H  6.8, enzym e ex tract and  the  reac tio n  w as 

started  by  th e  add ition  o f  1 m M  H 2O 2 (b lank con tain ing  D A B  and  enzym e ex trac t the  

absen ce  o f  H 2O 2). T he enzym e activ ity  w as exp ressed  as A 465/m in . O ne u n it w as defined  

as a  change  o f  one  absorbance un it a t 465 n m  p e r m in.

2 .8  G e l e le c tro p h o r e s is

2 .8 .1  D e n a t u r i n g  p o l y a c r y la m id e  g e l  e le c t r o p h o r e s is  ( S D S - P A  G E )

T h e  p e ro x id a se  p re p a ra tio n  fro m  each  step  o f  p u rif ic a tio n  w as 

an a ly z e d  b y  d e n a tu rin g  gel e le c tro p h o re s is  o n  a  s lab  gel sy s tem  a c co rd in g  to  th e  

m o d if ie d  m e th o d  d esc r ib e d  by  L aem m li (47). T h e  s lab  gel sy s tem  c o n s is te d  o f  a  

s tack in g  gel (10  X 2 X 0.001 cm ) o f  3 %  acry lam id e  and  separa ting  gel w ith  10%  (w /v )
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a c ry lam id e  (1 0  X 8.8 X 0.001 cm ). T h e  p re p a ra tio n s  o f  b o th  se p a ra tin g  gel and  

s ta c k in g  gel w e re  d e sc r ib e d  in  A p p e n d ix  A.

S am p le  w e re  tre a te d  w ith  a  so lu b iliz in g  b u ffe r  w ith  a  fina l c o n c e n tra tio n  1% 

(w /v ) S D S , 10%  g ly cero l, 5%  (v /v ) (3 -m ercap toethano l an d  sm a ll a m o u n t o f  

b ro m o p h e n o l b lu e  in  63 m M  T ris -H C l, p H  6 .8 , an d  b o ile d  fo r 1-2 m in . 

E le c tro p h o re s is  w as  p e rfo rm ed  w ith  0 .1 %  S D S  in  25 m M  T ris -g ly c in e  p H  8.3 as 

e lec tro d e  b u ffe r  a t co n s tan t v o ltag e  o f  100 V u n til th e  dye m a rk e r  re a c h e d  th e  b o tto m  

o f  th e  gel. T h e  gel w as  rem o v ed  an d  s ta in ed  fo r p ro te in  w ith  0 .2 %  B rillian t 

b lu e  R -2 5 0  as d e sc r ib e d  in  A p p e n d ix  A .

M o lecu la r  w e ig h t m ark e r k it co n ta in in g  (P -g a lac to g lo b u lin  M r =  116,000 , 

phosphorylase b  M r =  94,000, bovine serum  album in M r =  68,000, ovalbum in  M r =  43,000, 

cy to ch ro m e  c  M r =  12 ,500) w as p ara lle lly  ru n  fo r m o lecu la r  w e ig h t d e te rm in a tio n  o f  

th e  sam p le  protein.

2 . 8 .2  N o n - d e n a t u r i n g  g e l  e le c t r o p h o r e s is

N o n -d e n a tu r in g  gel e le c tro p h o re s is  w as  u se d  to  s tu d y  the  

e le c tro p h o re tic  p a tte rn  o f  p e ro x id a se  iso zy m es. T h e  sy stem  u se d  w a s  a  m o d ific a tio n  

o f  th a t re p o r te d  b y  C am eo  an d  B la q u ie r  (48). T h e  gel 5%  sep a ra tin g  w as  p re p a re d  

fro m  a  s to c k  so lu tio n  o f  30 %  (w /v ) o f  a c ry lam id e  an d  0 .8 %  (w /v ) o f  N , N -b is -  

m e th y le n e a c ry la m id e , w h e rea s  th e  s ta ck in g  gel co n ta in e d  3%  ac ry lam id e . T h e  gel 

w as  p o ly m e riz e d  c h em ica lly  by  th e  a d d it io n  o f  T E M E D  an d  a m m o n iu m  p e rsu lfa te . 

T he  p re p a ra tio n  o f  b o th  sep a ra tin g  an d  s ta c k in g  g e l w ere  d e sc r ib e d  in  A p p e n d ix  A .

P ro te in  sam p le  w as  m ix e d  w ith  a  sam p le  b u ffe r  c o n ta in in g  62  m M  

T ris -H C l p H  6 .8 , 10%  g lycero l an d  sm all a m o u n t o f  b ro m o p h e n o l b lu e  in  th e  ra tio  

5:1. T h e  ru n n in g  b u ffe r  w as  25 m M  T ris -g ly c in e  p H  8.3. T h e  ge l w as  ru n  a t a
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c o n s ta n t v o lta g e  o f  100 V  u n til th e  dy e  m a rk e r  re a c h e d  th e  b o tto m  o f  th e  gel. T h e  

ge l w a s  re m o v e d  an d  s ta in ed  fo r p e ro x id e  a c tiv ity  as  d e sc r ib e d  in  sec tio n  2 .8 .4

2 .8 .3  I s o e le c t r i c  f o c u s i n g  o n  p o l y a c r y la m id e  g e l  ( I E F )

T h e  p i o f  th e  pu rified  p ro te in  w as d e te rm in ed  by  iso e lec tric  fo cu sin g  on  

a  B IO -R A D  m in i gel IE F  acco rd ing  to  th e  m eth o d  in  th e  B IO R A D  H an d b o o k  (49).

F irs t; o n e  g lass  p la te  w as  a tta ch ed  w ith  gel su p p o rte d  f ilm  o n  th e  s ide  

th a t c o n ta c t o f  th e  gel.

S eco n d ; th e  ac ry lam id e  ge l w as  p re p a re d  fro m  a  s to c k  so lu tio n  o f  

2 4 .2 5 %  (w /v ) o f  a c ry lam id e  an d  0 .7 5 %  (w /v ) o f  N ,N -b is -m e th y le n e a c ry la m id e . T he  

a c ry lam id e  s lab  g e ls  (10  m l) c o n ta in ed  5%  ac ry lam id e , 5%  (w /v ) g ly ce ro l, 5%  

am p h o ly te , p H  3 -10 . T h e  gel w as p o ly m e riz e d  ch em ica lly  by  th e  a d d it io n  T E M E D  

an d  a m m o n u m  p e rsu lfa te .

T h ird , th e  ge l so lu tio n  w as  lay e red  o n  th e  ca s tin g  tra y  an d  co v e red  

w ith  a  su p p o rt f ilm  a tta c h e d  to  a  g la ss  p la te . T he  gel w as a llo w e d  to  se t a b o u t 2 h r  

an d  a f te r  th e  g e llin g  w as  c o m p le te , th e  c a s tin g  tray  w a s  rem o v ed .

F o u rth ; 2 p i sam p le  w as  lo a d e d  o n to  th e  g e l a tta c h e d  to  th e  su p p o rt 

f ilm  an d  fo c u s in g  w as  p e rfo rm e d  a t 100 V  fo r 15 m in , 2 0 0  V  fo r 15 m in  an d  4 5 0  V  

fo r  60  m in , su ccess iv e ly . T h e  s tan d a rd  p i  m a rk e r  u sed  w e re  g lu co se  o x id a se  (p i =  

4 .2 ) , try p s in  in h ib ito r  (p i =  4 .6 ) , (3 -lactog lobu lin  A p l =  5 .1), c a rb o n ic  a n h y d ra se  I (p i

5 .4 , p i  5 .9 ), c a rb o n ic  an h y d ra se  I (p i =  6 .6).

A fte r  e lec tro p h o re s is , th e  p ro te in  b a n d s  in  th e  fo c u se d  g e l w e re  f ix ed  

in  a  so lu tio n  o f  3 0 %  m e th an o l, 5%  tr ic h lo ro a c e tic  a c id  an d  3 .5 %  su lfo sa lic y c lic  ac id  

fo r  15 m in  a n d  th e n  tra n s fe rre d  in to  a  so lu tio n  o f  2 7 %  e th an o l, 10%  ace tic  a c id  an d  

0 .0 4 %  C o o m a ss ie  b r illia n t b lu e  R -2 5 0  fo r  2 -4  h r  a t ro o m  te m p e ra tu re  fo r  p ro te in
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s ta in ed . T h e  o th e r  p a r t  o f  gel s ta in ed  fo r  en zy m e  ac tiv ity  b a n d  as d e sc r ib e d  in  

se c tio n  2 .8 .4 .

2 . 8 .4  S t a i n i n g  f o r  p e r o x id a s e  a c t i v i t y

A fte r  e lec tro p h o re s is , th e  ge l w as  su b m erg e d  in  p h o sp h a te  b u ffe r  p H

6.8  fo r  5 m in u te s  p r io r  to  im m e rs in g  in  re a c tio n  m ix tu re  c o n ta in in g  0.5 m M  D A B  

(fre sh ly  p re p a re d ) , 1 m M  H 2O 2 in  0.1 M  p h o sp h a te  b u ffe r  p H  6 .8  u n til a c tiv ity  b an d  

a p p e a re d  (a p p ro x im a te ly  10-15 m in u tes) .

2 .9  D e g ly c o sy la t io n  o f  c a ssa v a  p ero x id a se

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  w as  d e g ly co sy la ted  by  a 

m o d if ic a tio n  o f  th e  m e th o d  re p o rte d  b y  T am s an d  W e lin d e r  (50 ). C a ssa v a  

p a re n c h y m a  p e ro x id a se  (1 0 0  p i; 10 p g )  w as  in c u b a te d  w ith  3%  o r 6%  o f  tr if lu o ro -  

m e th a n e su lfo n ic  ac id s  (T F M S ) a t 0 °C ; 30  m in . A fte r  th a t th e  sam p le  w as  n e u tra liz e d  

w ith  6 0 %  p y rid in e  (1 0 0  p i)  an d  th e  T F M S  w as  re m o v e d  by  d ia ly sis  a g a in s t 20  m M  

p o ta s s iu m  p h o sp h a te  b u ffe r  p H  6.8 o v e rn ig h t w ith  fre q u e n t ch an g es  o f  b u ffe r. A fte r  

d ia ly s is , th e  d eg ly c o sy la te d  p e ro x id a se  w a s  a ssay ed  fo r p ro te in  c o n te n t as d e sc r ib e d  

in  se c tio n  2 .6  a n d  assay ed  fo r p e ro x id a se  a c tiv ity  as d e sc r ib e d  in  se c tio n  2.7 .

2 .1 0  D e te r m in a tio n  o f  p H  s ta b ility

T h e  p H  s tab ility  w as  d e te rm in e d  by  in cu b a tin g  2 p g  o f  th e  en zy m e  in 

u n iv e rsa l b u ffe r  (G ritto n  &  R o b in so n  T y p e) p H  b e tw e e n  3-11 a t 4°c fo r 2 4  h r th e n  

re a d ju s te d  to  p H  6 .8  w ith  2 .9  m l o f  0.1 M  so d iu m  p h o sp h a te  b u ffe r  p H  6 .8 . T he  

p e ro x id a se  a c tiv ity  w as  a ssay ed  as d e sc r ib e d  in  sec tio n  2 .7 . T h e  re su lt w as  e x p re ssed
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as th e  p e rc e n ta g e  o f  th e  en zy m e  ac tiv ity  re m a in e d  w ith  th e  m a x im u m  ac tiv ity  as 

100% .

2 .1 1  D e te r m in a tio n  o f  O p tim a l p H

T h e  e n zy m e  w as  d e te rm in e d  fo r  its  o p tim m  p H  by  p e rfo rm in g  th e  p e ro x id a se  

a ssa y  (se c tio n  2 .7 )  re p la c in g  th e  p h o sp h a te  b u ffe r  w ith  u n iv e rsa l b u ffe r  a t v a r io u s  p H  

ra n g in g  fro m  3 -11 .

2 .1 2  T e m p e r a tu r e  s ta b ility

E n zy m e  s tab ility  w a s  in v e s tig a te d  o v e r  th e  te m p e ra tu re  ra n g e  o f  2 5 ° c  - 6 0 ° c .  

T h e  p u rif ie d  p e ro x id a se  w as  in c u b a ted  a t v a r io u s  te m p e ra tu re s  fo r  24  h rs . T he  

e n zy m e  so lu tio n  w a s  re m o v e d  an d  co o le d  im m e d ia te ly  to  2 5 ° c  b e fo re  m e a su r in g  th e  

re m a in in g  a c tiv ity  b y  th e  m e th o d  d esc r ib e d  in  sec tio n  2 .7 . T h e  re su lt w as  e x p re sse d  

as  th e  p e rc e n ta g e  o f  th e  en zy m e  ac tiv ity  re m a in e d  w ith  th e  ac tiv ity  a t 0 tim e  as 

100% .

2 .1 3  O p tim a l tem p e r a tu r e

T o s tu d y  th e  e ffe c t o f  te m p e ra tu re  o n  en zy m e  ac tiv ity , th e  p u rif ie d  en zy m e  

w a s  a ssay ed  a t v a r io u s  tem p e ra tu re s  ( 4 ° c ,  2 0 ° c ,  3 0 ° c ,  5 0 ° c ,  6 0 ° c ,  6 5 ° c ,  70 °C ) 

u s in g  D A B  as su b s tra te  as d e sc r ib e d  in  se c tio n  2 .7 . T h e  re a c tio n  m ix tu re  ( in  th e  

a b se n c e  o f  H 2 O 2 an d  p e ro x id ase )  w as  in c u b a ted  a t th e  d e s ire d  te m p e ra tu re . T he  

re a c tio n  w as  s ta r te d  b y  th e  ad d itio n  o f  1 m M  H 2 O 2 an d  p e ro x id ase . T h e  re su lt w as 

e x p re s se d  as  th e  p e rc e n ta g e  o f  th e  en zy m e  ac tiv ity , w ith  th e  ac tiv ity  a t th e  h ig h es t 

te m p e ra tu re  o b ta in e d  as 100% .
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2 .1 4  S p e c tr a l a n a ly sis

T h e  u v -v is ib le  sp ec tra  o f  n a tiv e  p u rif ie d  p e ro x id a se  an d  h o rse rad ish  

p e ro x id a se  in  ra n g e  2 0 0 -8 0 0  n m  w ere  re c o rd e d  u s in g  a  S h im azu , u v -1 6 0  a t 2 5 ° c .  A  

c u v e tte  (1 c m  lig h t p a th ) co n ta in in g  800  p g  en zy m e  so lu tio n  in  20  m M  p o ta ss iu m  

p h o sp h a te  b u ffe r  p H  6.8 w as used .

T h e  a b so rp tio n  sp ec tru m  o f  co n ife ry l a lco h o l w as  a lso  re c o rd e d  u s in g  a  

S h im a z u , UV -250/PC a t 2 5 ° c .  Its sp ec tru m  o b ta in ed  a fte r  th e  a d d it io n  o f  1 m M  H 2O 2 

a n d  p u rif ie d  en zy m e  w as  s im ila rly  reco rd ed .

2 .1 5  C a r b o h y d r a te  d e term in a tio n

N e u tra l su g a r c o n te n t o f  th e  p e ro x id a se  w as  d e te rm in e d  b y  p h e n o l-su lfu r ic  

a c id  m e th o d  o f  D u b o is , e t a l (51). S im p le  su g ar o r o lig o sa c c h a rid e s  w ith  free  

re d u c in g  g ro u p s  fo rm ed  fu rfu ra l d e r iv a tiv e s  in  cone . H 2 S O 4 w h ic h  fo rm  c o m p lex  

w ith  p h e n o l g iv in g  v a rin g  co lo r  y ie ld s. T h e  p u rif ie d  p e ro x id a se  so lu tio n  (5, 10, 15, 

20  p g /0 .5  m l)  (0 .5  m l) w as  m ix e d  w ith  0.3 m l o f  5%  p h e n o l reag en t. C o n cen tra ted  

su lfu ric  a c id  (2  m l)  w as  th e n  a d d ed  ra p id ly  an d  m ix e d  im m ed ia te ly . A fte r  s ta n d in g  at 

ro o m  te m p e ra tu re  fo r  30  m in , th e  ab so rb a n c e  w as  re a d  a t 4 8 4  nm . A  w a te r  b la n k  

an d  s ta n d a rd s  o f  3 -20  p g  m an n o se  w ere  s im ila rly  in c u b a te d  in  th e  assay . N e u tra l 

su g a r c o n te n ts  o f  p e ro x id a se  w as e s tim a te d  u s in g  a  s ta n d a rd  c u rv e  o f  th e  a b so rb an ce

a g a in s t th e  m a n n o se  (pg ).
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2 .1 6  G ly c o p r o te in  s ta in in g

A fter S D S -P A G E  electrophoresis, the  gel w as sta ined  for g lycopro te in  by  PA S 

sta in ing  (53). T he  gel w as im m ersed  in  12.5%  trich loroacetic  acid  (25-50  m l/gel) fo r 30 

m in  a fte r w h ich  it w as rinse  ligh tly  w ith  d istilled  w ater. T he gel w as th en  im m ersed  in  

1% perio d ic  ac id  fo r 50  m in , and  w ash ed  in  20 0  m l d istilled  w ater/gel w ith  stirring  or 

shak in g  fo r 10 m inutes. T he w ash ing  w as repeated  w ith  6 changes o f  w ate r o r the  gel can  

be  w ash ed  ov ern ig h t w ith  a  fe w  ch an g es  o f  w a te r. T h e  gel w as  th e n  in c u b a te d  in  th e  

d a rk  in  fu c h in -su lf ite  s ta in  fo r  50 m in  an d  w a sh e d  3 tim es  w ith  fre sh ly  p re p a re d  0 .5 %  

m e ta b isu lf ite  (2 5 -5 0  m l/g e l)  a t 10 m in u te  in te rv a l. E x c e ss  s ta in  w as  re m o v e d  by  

w a sh in g  in  d is til le d  w a te r  w ith  f re q u e n t ch an g es  an d  th e  gel w as  s to re d  gel in  3 -7 .5 %  

ace tic  acid .

2 .1 7  D e te r m in a tio n  o f  k in e tic  co n sta n ts

T h e  n a tiv e  a n d  d e g ly co sy la ted  p e ro x id a se  fro m  p a re n c h y m a  w e re  u se d  in  th e  

k in e tic  s tu d y  to  co m p a re  th e ir  K m is fo r  se lec ted  su b stra te s . T h e  su b s tra te s  w ere  

used :

S u b s tra te B u ffe r/S o lv e n t P ro d u c t ab so rb a n c e  
(run)

h 20 2 0 .25  ra M  D A B  ท 0.1 M  p h o sp h a te  b u ffe r 465

D A B 0.1 M  p h o sp h a te  b u ffe r 465

G u a iaco l 0.1 M  p h o sh a te  b u ffe r 4 7 0

o -d ia n is id in e 2 %  e th an o l 46 0

P y ro g a llo l 0.1 M  p h o sp h a te  b u ffe r 43 0

C o n ife ry l a lc o h o l 5%  e th an o l 26 0

S y rin g a ld az in e 7%  D M S O 530
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H 2O 2 w a s  f ix e d  a t 1 m M  w h e n  K m ’s o f  o th e r  su b s tra te s  w ere  m o n ito re d  by  

th e  m e th o d  d e sc r ib e d  in  sec tio n  2 .7  an d  co n c e n tra tio n s  o f  D A B  o r  o th e r  su b s tra te s  

b e in g  s tu d ie d  w e re  v aried .

T o  d e te rm in e  K m o f  H 2O 2 , D A B  c o n c e n tra tio n  w as  f ix e d  a t 0 .25  m M  w h ile  

H 2O 2 c o n c e n tra tio n  w as  varied . T h e  K m’s fo r a ll su b s tra te s  w e re  e s tim a te d  by  

L in e w e a v e r-B u rk  p lo ts  u s in g  E n z fitte r  c o m p u te r  p ro g ram .

2 .1 8  E ffe c ts  o f  u rea

T h e  p u r i f ie d  e n z y m e  w a s  in c u b a te d  w ith  v a r io u s  c o n c e n tra t io n s  o f  u re a  a t 

2 5 ° c  fo r  10 m in . T h e n , th e  e n z y m e  w a s  a s s a y e d  fo r  th e  r e m a in in g  a c tiv ity  in  

r e a c t io n  m ix tu re  as  d e s c r ib e d  in  s e c t io n  2 .7 .
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