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A  su p e ro x id e  d ism u ta se  p u r if ie d  fro m  th e  ro o t o f  s te m o n o  tu b e ro sa

Lou r

4 .1  I N T R O D U C T I O N

S u p e r o x id e  d is m u t a s e  (S O D , E C  1 .1 5 .1 .1 ) is a  w e l l - k n o w n  a n t io x id a n t  e n z y m e  

t h a t  p la y s  a n  im p o r t a n t  r o le  in  t h e  r e m o v a l  o f  h a r m fu l  s u p e r o x id e  r a d ic a ls ,  w h ic h  a re  

g e n e r a te d  b y  m e t a b o l i c  p r o c e s s e s  in  o x y g e n - u t i l iz in g  o r g a n is m s  a n d  t h a t  c a u s e  m a n y  

d is e a s e s ,  b y  t h e ir  r e d u c t io n  t o  h y d r o g e n  p e r o x id e  (H 20 2) a n d  m o le c u la r  o x y g e n .48 ,52 

S O D  is o z y m e s  c a n  b e  c la s s i f ie d  in t o  f o u r  m a in  g r o u p s  d e p e n d in g  o n  t h e  m e t a l  

c o f a c t o r  in  t h e ir  a c t iv e  s ite s  a n d  t h e ir  s e n s it iv it y  t o  c y a n id e  a n d  H 20 2: (1) C u Z n - S O D  

a n d  (2) N i-S O D  a re  s e n s it iv e  t o  in h ib i t io n  b y  b o t h  c y a n id e  a n d  H 20 2, (3) M n -S O D  is 

in s e n s it iv e  t o  b o t h  c y a n id e  a n d  H 20 2 a n d  (4) F e -S O D  is in h ib i t e d  b y  o n l y  H 20 2.70 เท 

g e n e r a l,  S O D  is f o u n d  in  m ic ro o r g a n is m s ,  a n im a ls  a n d  p la n t s , 71 b u t  m o s t  S O D  

p r e p a r a t io n s  fo r  u s e  a s  a n  a n t io x id a n t  a g e n t  in  m e d ic in a l  t r e a t m e n t ,  c o s m e t ic s  a n d  

t h e  c h e m ic a l  a n d  f o o d  in d u s t r ie s  a r e  e x t r a c t e d  f r o m  a n im a l  p la s m a  o r  p la n t  c e l l s . 55 

เท a d d it io n  t o  t h e  a n t io x id a n t  a c t iv it y ,  S O D  is o z y m e s  h a v e  a ls o  b e e n  r e p o r t e d  t o  

d is p la y  o t h e r  b io lo g ic a l  p r o p e r t ie s ,  s u c h  a s  a n t i- in f la m m a to r y ,  a n t i- c a n c e r  a n d  a n t i 

a g in g  a c t iv i t ie s .72,73 F u r t h e rm o r e ,  S O D  is u s e d  a s  a n  in d ic a t o r  in  t h e  d ia g n o s is  o f  s o m e  

d is o r d e r s ,  s u c h  as A l z h e im e r ’ s, P r io n  a n d  B e h c e t ’ s d is e a s e s .74

เท h ig h e r  p la n t s ,  p r o t e c t io n  a g a in s t  p r e d a t o r s  o r  p a t h o g e n s  a n d  e n v i r o n m e n t a l  

c h a n g e s  in v o lv e  in  t h e  g e n e r a t io n  o f  f r e e  r a d ic a ls ,  in c lu d in g  t h e  s u p e r o x id e  r a d ic a l .75 

A l t h o u g h  t h e  s u p e r o x id e  r a d ic a l  is im p o r t a n t  in  p la n t s  f o r  t h e  e l im in a t io n  o f
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p r e d a t o r s  o r  p a t h o g e n s  a n d  t o  a id  in  t h e  p la n t ’ s r e s p o n s e s  t o  a n d  s o  e x is t e n c e  in  a  

h o s t i le  e n v i r o n m e n t ,  in c lu d in g  c h i l l in g ,  h y p e r s a l in i t y ,  h e a v y  m e t a l  io n  e x p o s u r e  a n d  

u l t r a v io le t  l ig h t  ir r a d ia t io n ,7681 a h ig h  s u p e r o x id e  r a d ic a l  l e v e l  c a n  d a m a g e  t h e  l iv in g  

c e l ls .  T h u s ,  t h e  a p p e a r a n c e  o f  S O D  h a s  a n  im p o r t a n t  r o le  in  s u p p o r t in g  t h e  p l a n t ’ s 

s u r v iv a l  f r o m  d i f f e r e n t  s t r e s s  c o n d i t io n s .  S O D  is t h e  m o s t  a b u n d a n t  in  p la n t s  s u c h  a s  

Radix iethosperm i s e e d s ,53 Curcuma com osa,M Oryza sativa,M l e m o n , 701 t o b a c c o  

le a v e ,85 a n d  s w e e t  p o t a t o .86

stem ona tuberosa  ( S t e m o n a c e a e  fa m ily ) ,  c a l l e d  w i ld  a s p a ra g u s  in  E n g lis h  a n d  

N o n -T a i Y a k  in  T h a i la n d ,  is f o u n d  in  A s ia , in c lu d in g  c e n t r a l  C h in a ,  I n d o c h in a ,  T a iw a n ,  

In d ia  a n d  T h a ila n d ,  t r o p ic a l  A u s t r a l ia  a n d  N o r t h  A m e r ic a .  T h e  d r ie d  r o o t s  o f  ร . 

tuberosa  (a n d  r e la t e d  p la n t s )  h a v e  a lo n g  h is t o r y  o f  u s e  in  f o lk lo r e  m e d ic in e .  It is 

o f t e n  u s e d  a s  a n  a n t i- t u s s iv e  d ru g  fo r  t r e a t in g  r e s p ir a to r y  d is o r d e r s ,  s u c h  a s  

t u b e r c u lo s is ,  b r o n c h it is  a n d  p e r tu s s is ,  a s  w e l l  a s  a n  a n t i - h e lm in t i c  a g e n t .87 90 In d e e d ,  

f a ir ly  d iv e r s e  b io lo g ic a l  p r o p e r t ie s  h a v e  b e e n  a s c r ib e d  t o  t h e  e x t r a c t s  f r o m  r o o t s  o f  ร. 

tuberosa, in c lu d in g  a n t i- b a c t e r ia l , 4 a n t i- f u n g a l,90 a n t i- t u s s iv e ,5' 6 a n t io x id a n t , 9 

in s e c t ic id a l , 91 d e m u lc e n t  a n d  a n t ic a n c e r 8' 92 a c t iv it ie s .  M o s t  o f  t h is  r e s e a r c h  h a s  

f o c u s e d  u p o n  t h e  lo w  p o la r  c o n t e n t s  o f  t h e  ร .  tuberosa  r o o t s ,  e s p e c ia l l y  t h e  

a lk a lo id s ,  s t i lb e n o id e s  a n d  t o c o p h e r o ls ,  w h e r e  a h ig h  d e g r e e  o f  c h e m ic a l  d iv e r s i t y  

h a s  b e e n  r e p o r t e d .93, 94 R e c e n t ly ,  p o t e n t ia l  a n t io x id a n t  a g e n ts ,  s u c h  a s  

d e h y d r o t o c o p h e r o ls  a n d  p h e n o l ic  c o m p o u n d s ,  f r o m  t h e  r o o t s  o f  ร . tuberose  h a v e  

b e e n  r e p o r t e d , 1 b u t  t h e r e  a re  n o  r e p o r t s  o n  S O D  a s  a n  a n t io x id a n t  p r o t e in  f r o m  ร . 

tuberose. H o w e v e r ,  ร . tuberosa  is p o t e n t ia l ly  a n  a l t e r n a t iv e  p la n t  s o u r c e  f o r  S O D  a n d  

c o n s e q u e n t ly  t h e  e x t r a c t io n ,  p u r i f ic a t io n  a n d  c h a r a c t e r iz a t io n s  o f  p u r i f ie d  S O D  f r o m  

t h e  r o o t  o f  ร .  tuberosa  a re  r e p o r t e d .
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4.2 Materials and methods

4.2.1 Plant material

T h r e e  k ilo g r a m s  o f  f r e s h  r o o t s  o f  ร .  tuberosa  w e r e  p u r c h a s e d  f r o m  t h e  

C h a t u ja k  m a rk e t ,  B a n g k o k , T h a i la n d ,  in  J u n e  2 0 0 9 . T h e  s a m p le s  w e r e  q u ic k ly  t a k e n  t o  

la b o r a t o r y  a n d  k e p t  in  d a r k  4  ° c  r o o m  u n t i l  u s e d .

4.2.2 Chemicals

N - ( l - n a p h t h y l)  e t h y le n e - d ia m in e  d ih y d r o c h o l id e  (N ED ), n i t r o b lu e  t é t r a z o l iu m  

(N B T ), r ib o f la v in ,  a n d  b o v in e  s e ru m  a lb u m in  (B SA ) w e r e  p u r c h a s e d  f r o m  S ig m a -A ld r ic h  

(U SA ). T h e  re a g e n ts  u s e d  in  p o ly a c r y la m id e  g e l e le c t r o p h o r e s is  (P A G E )  w e r e  o b t a in e d  

f r o m  P lu s o n e  P h a rm a c ia  B io t e c h  (S w e d e n ) . L o w  m o le c u la r  w e ig h t  c a l ib r a t io n  k it  u s e d  

a s  s t a n d a rd  m o le c u la r  w e ig h t  m a rk e r  p r o te in s  w a s  p u r c h a s e d  f r o m  A m e r s h a m  

P h a rm a c ia  B io te c h  (U K ). A l l  o t h e r  b io c h e m ic a l  r e a g e n ts  a n d  g e n e r a l  c h e m ic a ls  u s e d  

in  t h e  in v e s t ig a t io n  w e r e  a n a ly t ic a l  g ra d e .

4.2.3 Isolation and extraction of SOD from ร. tuberosa

T h e  r o o t s  o f  ร .  tuberosa  w e r e  p e e le d ,  c u t  in t o  s m a l l  c u b e s  (~ 10  X 10  X 10 

m m )  a n d  h o m o g e n iz e d  in  5 L o f  0.1 M  N a C l /  2 0  ทาM  p h o s p h a t e  b u f f e r  p H  7 .2  a t  4 ° c  

o v e rn ig h t .  T h e  s u s p e n s io n - s o lu t io n  m ix t u r e  w a s  c la r i f ie d  b y  c e n t r i f u g a t io n  (1 5 ,0 0 0  X  g 

f o r  3 0  m in )  a n d  t h e  s u p e r n a t a n t  w a s  h a r v e s te d .  T h e n ,  a m m o n iu m  s u lf a t e  w a s  a d d e d  

in t o  t h e  s u p e r n a t a n t  t o  9 0 %  s a tu r a t io n  a n d  le f t  o v e rn ig h t  a t  4  ๐c .  T h e  p r e c ip i t a t e d  

c r u d e  p r o te in  e x t r a c t e d  w a s  c o l l e c t e d  b y  c e n t r i f u g a t io n  (1 5 ,0 0 0  X g f o r  3 0  m in ) , 

d is s o lv e d  in  d e - io n iz e d  w a te r  a n d  d ia ly z e d  a g a in s t  3  c h a n g e s  o f  5 L  o f  2 0  m M
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p h o s p h a t e  b u f fe r  p H  7 .2  o v e r  2 4  h. T h e  c r u d e  p r o t e in  e x t r a c t  s o lu t io n  w a s  t h e n  

f r e e z e - d r ie d .

4.2.4 Purification of SOD from ร. tuberosa

T h e  d r ie d  c r u d e  p r o t e in  e x t r a c t  w a s  d is s o lv e d  in  d is t i l l e d  w a t e r  t o  1 m g / m l 

a n d  t h e n  10  m l  o f  s o lu t io n  w a s  in je c t e d  in t o  a D E A E  c e l lu l o s e  a n io n  e x c h a n g e  

c o lu m n .  T h e  u n b o u n d  p r o t e in  w a s  e lu t e d  f r o m  t h e  c o lu m n  w it h  2 0  m M  p h o s p h a t e  

b u f f e r  p H  7 .2  ( b u f fe r  A )  a t  1 m l/ m in  c o l le c t in g  5 m l  f r a c t io n s .  T h e n  t h e  b o u n d  

f r a c t io n s  w e r e  e lu t e d  a s  a b o v e  b u t  w it h  t h e  a d d it io n  o f  a  s t e p w is e  g r a d ie n t  o f  0 .2 5 ,

0 .5 0 , 0 .7 5  a n d  1 N a C l in  t h e  s a m e  p h o s p h a t e  b u f fe r .  T h e  c o l l e c t e d  f r a c t io n s  w e r e  

d ia ly z e d  a g a in s t  w a t e r  a n d  a n a ly z e d  f o r  p r o t e in  c o n c e n t r a t io n  u s in g  t h e  B r a d fo r d  

a s s a y  a n d  f o r  S O D  a c t iv it y .

4.2.5 SOD assay activity

T o  d e t e r m in e  t h e  S O D  a c t iv it y ,  t h e  r ib o f la v in - N B T  a s s a y  w a s  a d a p t e d  f r o m  L a i 

et  (ฟ .82 T h e  t e s t  s a m p le  (0 .1  m l)  a t  d i f f e r e n t  p r o t e in  c o n c e n t r a t io n s  in  d is t i l l e d  w a t e r  

w a s  f ir s t  m ix e d  w it h  2 .9  m l  o f  2 0  m M  p h o s p h a t e  b u f fe r  (p H  7 .2 ) c o n ta in in g  0 .2  m l  o f  

0 .1  M  E D T A  a n d  0.1 m l  o f  1.5 m M  N B T . A f t e r  in c u b a t io n  a t  3 7  ° c  fo r  10  m in , 0 .0 5  m l  

o f  1 .2  m M  r ib o f la v in  w a s  a d d e d .  T h e  r e a c t io n  m ix t u r e  w a s  i l lu m in a t e d  w ith  a 2 5 -W  

l ig h t  t u b e  fo r  15  m in  in  a f o i l - l in e d  b o x .  T h e  m ic r o t i t e r  p la t e  r e a d e r  w a s  u s e d  t o  

m e a s u r e  t h e  a b s o r b a n c e  a t  5 6 0  n m . D e io n iz e d  w a te r ,  in s t e a d  o f  t h e  p r o te in  s a m p le  

( b la n k  s o lv e n t  c o n t r o l) ,  w a s  u s e d  a s  a c o n t r o l  a lo n g  w it h  a s a m p le  b la n k ,  e v a lu a t e d  

b y  a d d in g  w a t e r  in s t e a d  o f  t h e  r ib o f la v in  s o lu t io n .  T h e  c o n c e n t r a t io n  o f  p r o te in  t h a t  

p r o v id e d  5 0  %  in h ib i t io n  o f  t h e  r ib o f la v in - m e d ia t e d  r e d u c t io n  o f  N B T , t a k e n  a s  S O D
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a c t iv it y ,  w a s  c a lc u la t e d  a n d  r e p o r t e d  a s  t h e  1C 5 0  v a lu e  ( A p p e n d ix  B). T h e  S O D  in  t h e  

s a m p le  c o m p e t e s  f o r  s u p e r o x id e ,  in h ib it in g  t h e  r e a c t io n  r a te  o f  s u p e r o x id e  w it h  N B T . 

T h e  p e r c e n ta g e  o f  t h is  in h ib i t io n  is t h e  b a s is  o n  w h ic h  t h e  a m o u n t  o f  a c t iv i t y  is 

c a lc u la t e d  a s  b e lo w :

%  in h ib i t io n  = a b s o r b a n c e  ( r e a c t io n  b la n k )  - a b s o r b a n c e  ( s a m p le )  x ioo

a b s o r b a n c e  ( r e a c t io n  b la n k )

O n e  u n it  o f  S O D  w a s  d e f in e d  a s  t h e  a m o u n t  o f  e n z y m e  t h a t  in h ib i t s  t h e  r a te  

o f  N B T  r e d u c t io n  b y  5 0  % .

4.2.6 Protein content determination

F o r  e v a lu a t io n  o f  p r o t e in  le v e ls  in  t h e  c o lu m n  c h r o m a to g r a p h y ,  t h e  e lu t io n  

p e a k  p r o f i le s  o f  t h e  p r o t e in s  w e r e  d e t e r m in e d  b y  m e a s u r in g  t h e  a b s o r b a n c e  a t  2 8 0  

n m . F o r  a l l  o t h e r  s a m p le s ,  t h e  p r o t e in  c o n t e n t s  w e r e  d e t e r m in e d  b y  B r a d f o r d ’ s 

p r o c e d u r e ,95 u s in g  B S A  a s  t h e  s t a n d a rd  w it h  f o u r  d i f f e r e n t  c o n c e n t r a t io n s  (5, 10 , 15 

a n d  2 0  p g /m l)  t o  c o n s t r u c t  t h e  c a l ib r a t io n  c u r v e .  F o r  e a c h  s e r ia l  t w o - f o ld  d i lu t io n  o f  

t h e  s a m p le  in  d e io n iz e d  w a te r ,  5 0  p i  a l iq u o t s  w e r e  t r a n s f e r r e d  in t o  e a c h  o f  t h r e e  

w e l l s  o f  a m ic r o t i t e r  p la t e  a n d  5 0  pi o f  B r a d f o r d ’ s r e a g e n t  a d d e d  t o  e a c h  w e l l ,  

s h a k e n  fo r  5 m in  a n d  t h e n  le f t  fo r  10  m in  b e fo r e  re a d in g  t h e  a b s o r b a n c e  a t  5 9 5  n m  

w it h  a n  E L IS A  p la t e  r e a d e r .  T h e  o b t a in e d  a b s o r b a n c e  w a s  c o n v e r t e d  t o  p r o t e in  

c o n c e n t r a t io n  u s in g  t h e  l in e a r  e q u a t io n  c o m p u t e d  f r o m  t h e  s t a n d a rd  c u r v e  

( A p p e n d ix  c ) .
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4.2.7 Determination of the SOD enzyme purity on Native-PAGE

T h e  l ik e ly  m e t a l  io n  g r o u p  o f  t h e  S O D  e n z y m e  w a s  d e t e r m in e d  b y  n a t iv e -  

P A G E  r e s o lu t io n  o f  t h e  p r o t e in  f o l l o w e d  b y  S O D  a c t iv i t y  s ta in in g  ( z y m o g ra m )  u s in g  

t h e  m o d if ie d  m e t h o d  o f  L ia  et a i82 a n d  B o o n m e e  et a l.6li T h e  p u r i f ie d  S O D  s o lu t io n  

w a s  m ix e d  w it h  1 /1 0  v o lu m e  o f  0 .0 1 %  (w /v )  b r o m o p h e n o l  b lu e  a n d  5 0 %  (v /v )  

g ly c e r o l  in  a 1:3 (v /v )  ra t io , r e s p e c t iv e ly ,  a n d  t h e  e le c t r o p h o r e s is  w a s  c o n d u c t e d  a t  

2 8 0  V  (7 X  7 c m  ge l) . A f t e r  e le c t r o p h o r e s is ,  t h e  g e l w a s  m o v e d  t o  a f o i l - l in e d  b o x  a n d  

i l lu m in a t e d  w it h  2 5  พ  l ig h t  t u b e  f o r  15  m in  (1 5  c m  l ig h t  t o  g e l d is t a n c e ;  2 0 -2 0 0  t h e  

u m o l  p h o t o n s  ทา2 ร *). S O D  a c t iv i t y  w a s  d e t e r m in e d  a s  t h e  p r e s e n c e  o f  a  w h i t e  

u n s ta in e d  z o n e  a g a in s t  a p u r p le  b a c k g ro u n d .  S e n s i t iv i t y  o f  t h e  S O D  a c t iv i t y  t o  H 20 2 

w a s  d e t e r m in e d  b y  p r e in c u b a t io n  o f  t h e  r e s o lv e d  g e l in  8  m M  H 20 2 f o r  15 m in  p r io r  

t o  p e r fo rm in g  t h e  S O D  a c t iv i t y  s ta in in g  z y m o g r a m ,  w h i ls t  s e n s i t iv it y  t o  K C N  w a s  

e v a lu a t e d  b y  t h e  c o - a d d it io n  o f  8  m M  K C N  in t o  t h e  r ib o f la v in  s o lu t io n  f o r  t h e  S O D  

a c t iv i t y  s ta in in g .

4.2.8 SOD characterization by tandem mass spectrometry

T r y p t ic  p e p t id e s  w e r e  p r e p a r e d  f r o m  t h e  e x c is e d  s in g le  p r o t e in  b a n d  (ST -1 ) 

f r o m  t h e  n a t iv e -P A G E  f o l lo w in g  t h e  r e p o r t e d  m e t h o d . 96 T h e  t r y p t ic  p e p t id e s  w e r e  

t h e n  m ix e d  w it h  0 .1%  (v /v )  f o r m ic  a c id  b e f o r e  b e in g  a n a ly z e d  b y  n a n o  l iq u id  

c h r o m a to g r a p h y  e le c t r o s p r a y  io n iz a t io n  c o u p le d  w it h  t a n d e m  m a s s  s p e c t r o m e t r y  

( n a n o -L C -E S I /M S -M S ) .  T h e  t a n d e m  m a s s  s p e c t r a  o f  p r o t e in  w e r e  in t e r p r e t e d  a n d  

s e a r c h e d  a g a in s t  t h e  M a s c o t  M S / M S  Io n s  s e a r c h  d a t a  b a s e  

(h t t p : / / w w w .m a t r ix s c ie n c e . c o m ).

http://www.matrixscience.com
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4.2.9 Determination of molecular weight by SDS-PAGE

T h e  m o le c u la r  w e ig h t  o f  t h e  e n r ic h e d  S O D  s u b u n it s  w a s  a n a ly z e d  b y  

c o m p a r is o n  t o  t h e  s t a n d a r d  p r o t e in  m a rk e r s  a c c o r d in g  t o  t h e  m e t h o d  o f  B o o n m e e  et 

a / 64 o n  r e d u c in g  S D S -P A G E  g e ls  w it h  a 12 .5%  (w /v )  p o ly a c r y la m id e  r e s o lv in g  g e l a n d

0 .1 %  (w /v )  C o o m a s s ie  b r i l l ia n t  b lu e  G -2 5 0  s t a in in g  o f  t h e  r e s o lv e d  g e l.

4.2.10 Determination of optimum pH and pH stability

T o  d e t e r m in e  t h e  o p t im u m  p H  fo r  S O D  e n z y m e  a c t iv it y ,  t h e  S O D  s o lu t io n  w a s  

in c u b a t e d  a t  a  1:3 (v /v )  r a t io  w it h  t h e  r e s p e c t iv e  2 0  กาM  u n iv e r s a l  b u f fe r ;  g ly c in e - H C l 

(p H  2-4 ), s o d iu m  a c e t a t e  (p H  4-6), p o t a s s iu m  p h o s p h a t e  (p H  6 -8 ), T r is -H C l (p H  8 -1 0 )  

a n d  g ly c in e -N a O H  (pH  10 -12 ), a t  d i f f e r e n t  p H  v a lu e s  f o r  3 0  m in  a n d  t h e n  t h e  S O D  

a c t iv i t y  w a s  d e t e r m in e d  u s in g  t h e  r ib o f la v in - N B T  a s sa y .

T o  e v a lu a t e  t h e  p H  s t a b i l i t y ,  t h e  S O D  s o lu t io n  w a s  m ix e d  w it h  t h e  

a p p r o p r ia t e  2 0  ทาM  b u f fe r s  a b o v e  a t  t h e  o p t im u m  p H  v a lu e s  f o r  1 0 -1 2 0  m in  a n d  t h e n  

t h e  S O D  a c t iv i t y  w a s  m e a s u r e d  u s in g  t h e  r ib o f la v in - N B T  a s sa y .

4.2.11 Determination of optimum temperature and thermal stability

T o  d e t e r m in e  t h e  o p t im u m  t e m p e r a t u r e  fo r  e n z y m e  a c t iv i t y  t h e  S O D  s o lu t io n  

w a s  in c u b a t e d  a t  t h e  s e le c t e d  t e m p e r a t u r e  (0, 4 , 10 , 2 5 , 30 , 4 0 , 5 0 , 6 0 , 70 , 8 0  a n d  9 0  

°C) fo r  3 0  m in  b e fo r e  e v a lu a t in g  t h e  S O D  a c t iv i t y  l e v e l  u s in g  t h e  r ib o f la v in - N B T  a s sa y .

T o  e v a lu a t e  t h e  t h e r m a l  s t a b i l i t y ,  t h e  S O D  s o lu t io n  w a s  in c u b a t e d  a t  t h e  

o p t im u m  t e m p e r a t u r e  fo r  1 0 -1 2 0  m in  b e f o r e  t h e n  m e a s u r in g  t h e  S O D  a c t iv it y  w ith  

t h e  r ib o f la v in - N B T  a s sa y .
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4.2.12 Effect of bivalent metal ions and SDS on the SOD activity

T h e  p u r i f ie d  S O D  s o lu t io n  w a s  in c u b a t e d  w it h  0 .1 , 0 .5 , 1 a n d  5  m M  o f  Z n S O a , 

C u S O o , C a C l2, M n C l2, F e C l2, M g C l2, H § C l2 a n d  S D S  f o r  3 0  m in  a n d  t h e n  t h e  S O D  

a c t iv i t y  w a s  d e t e r m in e d  u s in g  t h e  r ib o f la v in - N B T  a ssa y .

4.2.13 Effect of riboflavin and NBT on SOD activity

T h e  e f f e c t  o f  v a ry in g  t h e  r ib o f la v in  c o n c e n t r a t io n  (0 .1 , 0 .0 7 5 , 0 .0 5 , 0 .0 2 5 ,

0 .0 0 7 5  a n d  0 .0 0 5  m M )  o r  t h e  N B T  c o n c e n t r a t io n  (0 .25 , 0 .2 , 0 .1 5 , 0 .1 , 0 .0 5 , 0 .0 2 5  a n d

0 .01  m M )  u p o n  t h e  S O D  a c t iv it y  w a s  e v a lu a t e d  u s in g  t h e  r ib o f la v in - N B T  a s s a y .82

4.2.14 Partial nucleotide sequences of SOD from ร. tuberosa

100  m g  o f  t h e  f r e s h  r o o t  o f  ร .  tuberoso  w a s  g r o u n d  t o  a f in e  p o w d e r  b e fo r e  

R N A  e x t r a c t io n  u s in g  P la n t  T o t a l  R N A  M in i K it  (F a v o rP re p ) .  T h e  t o t a l  R N A  w a s  

c o n t in u a l l y  c o n v e r t e d  t o  d o u b le  s t r a n d  c D N A  a n d  l ib r a r y  o f  a d a p t o r  l ig a t e d  d o u b le  

s t r a n d  c D N A , r e s p e c t iv e ly  b y  u s in g  M a r a t h o n ™  c D N A  A m p l i f i c a t io n  K it  ( C lo n t e c h ) .  

F in a l ly ,  s ix  p r im e r s  w e r e  d e s ig n e d  a n d  u s e d  t o  d e t e r m in e  t h e  p a r t ia l  n u c le o t id e  

s e q u e n c e s  o f  S O D  f r o m  ร .  tuberoso  a s  t h e  f o l lo w in g .

3 -p in e  ( 5 ’ - T A G C A G T G A G G G T G T T A A -3 ’ )

5 - s o lo  ( 5 ’ - A G G C C  A A T A A T A C C  A C  A A G C  A A -  3  ’ )

F I  ( 5 ’ - C C T  G T  G T  G  A G  A T T G T T A T  C C G T C  A C -3  ’ )

R1 ( 5 ’ - G  A A T T  G T G  A C G G  A T A A C  A A T  C T C  A C  - 3  ’ )

F 2  ( 5 ’ - C C T A A T A A G A A T C A C T A T A G G G T C C -3 ’ )

R 2  ( 5 ’ - G G A C C C T A T A G T G A T T C T T A T T A G G -3 ’ )
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T h e  P C R  c o n d i t io n  ( h o t  l id  t h e r m a l  c y c le r )  s t a r t e d  w it h  u s in g  9 4 ° c  f o r  3 0  

c y c le s  t h e n ,  9 4  ° c ,  5 s e c  a n d  8 6  c °  f o r  4  m in . F in a l ly  t h e  p a r t ia l  n u c le o t id e  

s e q u e n c e  o f  S O D  f r o m  S.tuberosa  w a s  a n a ly z e d  b y  u s in g  A  p la s m id  E d it o r  (A p E )  

p r o g r a m  v e r s io n  8 .5 .2 .0 .

4.3 Results and discussions

4.3.1 Isolation and purification of SOD enzyme from ร. tuberosa

F r o m  t h r e e  k ilo g r a m s  (w e t  w e ig h t )  o f  f r e s h  ร . tuberosa  r o o t s ,  e x t r a c t e d  in  2 0  

m M  p h o s p h a t e  b u f f e r  (p H  7 .2) 4 3 0  m g  o f  c r u d e  p r o te in  w a s  o b t a in e d  (0 .0 1 4 %  o f  t h e  

s ta r t in g  m a ss), w h ic h  c o n t a in e d  ju s t  u n d e r  12 k u  S O D  a c t iv i t y  ( T a b le  4.1). F o l lo w in g  

9 0 %  s a tu r a t io n  a m m o n iu m  s u l f a t e  p r e c ip i t a t io n  t o  r e m o v e  s m a l l  c h e m ic a l  

c o m p o u n d s  f r o m  t h e  e x t r a c t ,  a  d a r k  b r o w n  c r u d e  p r o t e in  e x t r a c t  w a s  o b t a in e d  w h ic h  

r e p r e s e n t e d  a 1 .1 6 - fo ld  e n r ic h m e n t  o f  t h e  S O D  s p e c if ic  a c t iv i t y  fo r  a  1 .1 5 - fo ld  lo s s  o f  

t h e  t o t a l  e n z y m e  a c t iv it y  y ie ld .  F u r t h e r  f r a c t io n a t io n  b y  D E A E - c e l lu lo s e  a n io n  

e x c h a n g e  c o lu m n  c h r o m a to g r a p h y  r e s u lt e d  in  o n e  m a in  p r o t e in  p e a k  in  t h e  

u n b o u n d  f r a c t io n s  (ST -1 ) a n d  t w o  m in o r  p e a k s  (S T -2  a n d  S T -3 ) in  t h e  b o u n d  f r a c t io n s  

t h a t  w e r e  e lu t e d  w it h  0 .2 5  a n d  0 .5 0  M  N a C l,  r e s p e c t iv e ly  (F ig u re  4.1). T h e  m a jo r  p e a k  

f r o m  t h e  u n b o u n d  f r a c t io n  (ST -1 ) h a d  t h e  h ig h e s t  S O D  a c t iv i t y  ( - 7 5 %  o f  t h e  t o t a l  

a m m o n iu m  s u lf a t e  p r e c ip i t a t e  a c t iv it y )  a n d  w a s  c o m p r is e d  o f  3 4 .5 %  o f  t h e  lo a d e d  

p r o t e in  le v e l ,  o r  2 5 .8 %  o f  t h e  t o t a l  c r u d e  r o o t  e x t r a c t  p r o t e in  le v e l  c o m p a r e d  t o  S T -  

2  a n d  S T -3 (T a b le  4 .1). เท a d d it io n  S T -1  a ls o  h a s  t h e  m o s t  p o t e n t  fo r  S O D  a c t iv i t y  

c o m p a r e d  t o  o t h e r  10  p la n t s  ( T a b le  4.2). เท c o n t r a s t ,  t h e  t w o  m in o r  b o u n d  f r a c t io n s  

(S T -2  a n d  ST -3 ) h a d  a m u c h  lo w e r  S O D  a c t iv i t y  a s  w e l l  a s  a  lo w e r  p r o te in  y ie ld .  T h u s ,
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f r a c t io n  ST -1  w a s  s e le c t e d  f o r  f u r t h e r  c h a r a c t e r iz a t io n  a n d  r e p r e s e n t s  a  t h r e e - f o ld  

e n r ic h m e n t  o f  t h e  S O D  s p e c if ic  a c t iv i t y  f o r  a  y ie ld  o f  7 7 .4 %  t o t a l  a c t iv it y .

T h e  n a t iv e -P A G E  r e s o lu t io n  o f  S T -1  (F ig u re  4 .2 ) r e v e a le d  t h e  p r e s e n c e  o f  o n ly  

a  s in g le  p r o t e in  b a n d ,  s u g g e s t in g  e n r ic h m e n t  t o  a p p a r e n t  h o m o g e n e it y ,  w h i ls t  t h is  

b a n d  w a s  r e v e a le d  t o  h a v e  S O D  a c t iv i t y  in  t e r m s  o f  t h e  s in g le  w h i t e  u n s t a in e d  b a n d  

s e e n  a g a in s t  t h e  p u r p le  b a c k g r o u n d  in  t h e  S O D  z y m o g r a m  (F ig u re  4.3). F u r t h e r m o r e ,  

ST -1  w a s  a ls o  c la s s i f ie d  a s  M n -S O D  b e c a u s e  t h e  a c t iv i t y  o f  e n z y m e  w a s  n o t  

s ig n if ic a n t ly  in h ib i t e d  b y  e i t h e r  FI2O 2 o r  K C N  (F ig u re  4 .3).
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T a b l e  4 . 1 P u r i f ic a t io n  p r o c e d u r e s  o f  S O D  f r o m  5. tuberosa.

Sample
10๗ protein

(mg)

10๗ SOD activity

(บ)

Specific activity 

(บ/mg)

Protein yield 

(%)

Enrichment

(Fold)

Crude extract (5 L) 430.0 11,944 27.8 100.0 1.00

90% (NltyiSO ĉui 320.8 10,347 32.3 74.6 1.16

ST-1 (unbound) 110.9 9,240 S3.3 25.8 3.00
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T a b l e  4 . 2  IC50 v a lu e  o f  S O D  f r o m  ร. tuberosa  c o m p a r e d  t o  o t h e r  p la n t s

Plants ICso value (pg/mL) Reference
Wheat germ 250 Chen et a l97

Alfalfa leaf 700 Xie et a/98
Sphenostylis stenocarpa >1000 Ajibola et a ! "

Pea (F2) 1000 Pownall et a l100
Gnetum gnempn (Gg-AOPI) 40 Siswoyo et a lm

Melon 800 Carillon et a l102
Hedychium  coronarium 0.729± 0.008 Moon-ai e ta lm

Kaem pferia a langa l Linn. 0.681 ±0.003 Moon-ai e ta l103

Z ing ib e r o ffic ina le  Roscoe. 0.432± 0.003 Moon-ai e ta lm

Curcum a zedoaria  Roscoe. 0.259± 0.006 Moon-ai era/103
Stem ona tuberosa 0.039 ±0.006 Appendix B



56

F ig u r e  4. 1 D E A E - c e l lu lo s e  a n io n  e x c h a n g e  c o lu m n  c h r o m a to g ra m  s h o w in g  t h e  

s e p a r a t io n  p r o f i le  o f  t h e  c r u d e  p r o te in  p r e p a ra t io n  f r o m  ร . t u b e r o s a  ro o ts ,  y ie ld in g  

t h e  u n b o u n d  f r a c t io n  (ST -1) a n d  b o u n d  f r a c t io n s  (ST -2  a n d  ST -3). ST -1  w a s  e lu t e d  in  

2 0  m M  p h o s p h a te  b u f fe r  pH  7 .2  w h i le  S T -2  a n d  S T -3  w e r e  e lu t e d  in  t h e  s a m e  b u f fe r  

b u t  s u p p le m e n t e d  w ith  a s t e p w is e  g ra d ie n t  o f  0 .2 5  a n d  0 .5 0  M  N a C l, r e s p e c t iv e ly .  A l l  

f r a c t io n s  w e r e  a s s a y e d  fo r  S O D  a c t iv it y  ( • )  a n d  a b s o r b a n c e  a t  2 8 0  n m  (O ).
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F ig u r e  4. 2  N a t iv e -P A G E  a n a ly s is  o f  t h e  e n r ic h e d  S O D  f r o m  ร . tuberoso r o o ts .  

L a n e  1:10 |J§ o f  t h e  r o o t  c r u d e  e x t r a c t .  L a n e  2: 10  p§ o f  t h e  p o s t - a m m o n iu m  

s u lf a t e  c u t  protein fraction. Lane 3: 5 p §  of ST-1 (enriched SOD fraction).



58

1  2  3

F ig u r e  4. 3  S O D  a c t iv i t y  z y m o g ra m s  u s e d  t o  id e n t i f y  t h e  t y p e  o f  S O D  f r o m  ร .  tuberoso 

r o o t s  in  t e rm s  o f  its  s e n s it iv it y  t o  K C N  a n d  H 20 2 in h ib it io n .  ST-1 (1 0  p g  /  la n e )  w a s  r e s o lv e d  

b y  n a t iv e -P A G E  a n d  t h e n  stained for S O D  activity. Lane 1: S O D  zymogram  w it h o u t  

in h ib ito r s .  L a n e  2: S O D  z y m o g ra m  a f te r  p r e t r e a tm e n t  w it h  8 m M  H 20 2- L a n e  3: S O D  

z y m o g r a m  in  t h e  p r e s e n c e  o f  8  m M  KCN . G e ls  s h o w n  a re  r e p r e s e n ta t iv e  o f  3 in d e p e n d e n t  

r e p e a t s



59

4.3.2 SOD characterization by tandem  mass spectrometry

T h e  s in g le  p r o t e in  b a n d  o f  t h e  S T -1  f r a c t io n  r e s o lv e d  b y  n a t iv e -P A G E  w a s  

e x c is e d  a n d  s u b je c t e d  t o  t r y p t ic  d ig e s t io n  a n d  id e n t i f i c a t io n  o f  t h e  a m in o  a c id  

s e q u e n c e s  o f  t h e  t r y p t ic  p e p t id e s  u s in g  n a n o - L C -E I S /M S - M S .  M A S C O T  d a t a b a s e  

o b t a in e d  t r y p t ic  p e p t id e  s e q u e n c e s  f r o m  t h e  n a n o - L C -E I S / M S - M S  a n a ly s is  r e v e a le d  

t h r e e  p e p t id e s  (10 , 12  a n d  13  a m in o  a c id s )  m a t c h e d  t o  t h e  C u Z n - S O D  is o z y m e s  f r o m  

Ananas comosus a n d  Solanum  lycopersicum  (F ig u re  4.4). เท t h e  c a s e  o f  t h e  S O D  

f r o m  A . comosus, t w o  p e p t id e s  m a t c h e d  id e n t ic a l ly ,  w it h  t h e  t h ir d  ( C - t e r m in a l  

m a t c h in g )  p e p t id e  h a v in g  o n e  m is m a t c h ,  g iv in g  3 4 /3 5  id e n t ic a l  r e s id u e s  f r o m  1 5 2  

a m in o  a c id s  (2 3%  c o v e ra g e ) ,  w h i ls t  f o r  ร. lycopersicum  t h e  N - t e r m in a l  m a t c h in g  

p e p t id e  h a d  t w o  m is m a t c h e s  g iv in g  3 3 /3 5  id e n t ic a l  r e s id u e s  o v e r  t h e  2 3 %  s e q u e n c e  

c o v e ra g e .  T h e  r e s u lt s  f r o m  N a t iv e -P A G E  c o u p le d  w it h  S O D  s t a in in g  a c t iv i t y  c o m p a r e d  

t o  t h e  r e s u lt s  f r o m  m a s s  s p e c t r o m e t r y  a r e  in c o m p a t ib le  b e c a u s e  l im it e d  d a t a  in  t h e  

p la n t  p r o te in  s e q u e n c e  d a t a b a s e  o f  p la n t  p r e v e n t in g  m a t c h e s  o f  t h e  t r y p t ic  p e p t id e s  

f r o m  S O D  b a n d  f r o m  3 (F ig u re  4.2). C o n s e q u e n t ly  it  s h o u ld  b e  n o t e d  t h a t  t h e  

e n r ic h e d  S O D  f r o m  t h e  r o o t s  o f  ร .  tuberosa  is M n -S O D .

4 .3 .3  D e t e r m in a t io n  o f  t h e  m o le c u l a r  w e ig h t  o f  t h e  S O D  e n z y m e  b y  r e d u c in g  

SDS-PAGE

T h e  m o le c u la r  w e ig h t  o f  S O D  w a s  e v a lu a t e d  u s in g  r e d u c in g  S D S -P A G E  (F ig u re

4.5), w h e r e  it  a p p e a r e d  t o  b e  c o m p r is e d  o f  a t  le a s t  t w o  h e t e r o lo g o u s  s u b u n it s  w it h  a 

m o le c u la r  w e ig h t  o f  17 .6  a n d  31 .5  kD a , r e s p e c t iv e ly .  M o s t  p la n t  S O D s  a re  g e n e r a l 

c o m p o s e d  o f  t w o  o r  f o u r  p r o te in  s u b u n it s .  T h a t  a re  b e tw e e n  1 8 -3 5  kD a  in  s iz e ,  s u c h  

a s  t h o s e  f r o m  c o rn  g e rm ,104 p e a r l  m i l le t  s e e d l in g s ,48 a n d  s o y b e a n .105
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(A)

1 MVKAVAVLGSSEGVKGTIYFTQEGDGPTTVTGSISGLKPGLHGFHVHALG 

51 DTTNGCMSTGPHFNPAGNEHGAPEDETRHAGDLGNVTVGEDGTVNVNIVD 

101 SQ IPLSG SN SIIG RAW VHADPDDLGKGGHELSKTTGNAGGRVACG IIG L 

151 £G

(B)

1 MVKAVAVLNSSEGVSGTYLFTQVGVAPTTVNGNISGLKPGLHGFHVHALG 

51 DTTNGCMSTGPHYNPAGKEHGAPEDEVRHAGDLGNITVGEDGTASFTITD 

101 KQ IPLTG PQ SIIG RAW VHADPDDLGKGGHELSKSTGNAGGR IA C G IIG L  

151 £G

Figure 4. 4 Three tryptic peptide amino acid sequences from ST-1 (underlined) with 

their matches (bold, mismatch in italics) against the CuZn-SOD isozyme from (a) 
Ananas comosus and (b) Soianum ivcopersicum .
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Figure 4. 5 Determination of the molecular weight of the enriched CuZnSOD from ร. 
tuberosa roots by reducing SDS-PAGE. Lane 1: protein molecular weight markers. Lane 
2: 7.5 pg of the enriched SOD preparation (ST-1), which appears to consist of two 
subunits with the indicated sizes (17.6 and 31.5 kDa). Gel shown is representative of 3
i n H p n p n H p n r  r p n p a t c
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4.3.4 The optimum pH and pH stability of the Mn-SOD enzyme from ร. 

tuberosa roots

The effect of the pH, within the range of pH 1-12, on the SOD activity was 

evaluated in 20 mM universal buffers (Figure 4.6A) and was found to exhibit a SOD 

activity level of more than 70% of the maximal level (that at pH 5 and set to be 

100%) over a wide pH range (pH 3-10). เท addition, SOD activity levels of -50-60% 

were still maintained at extreme acidic (pH 1) and alkaline (pH 10-11) conditions. เท 

contrast, the enzyme activity was less than 20% at pH 12. Note, that although some 

buffer-dependent affects upon the SOD activity were noticed (e.g. pH 4, 8 and 10 but 

not at pH 6), but these were less marked than the effect of the pH changes within 

each buffer type. Thus, the pH is the main factor in the changes in the observed SOD 

enzyme activity levels and so the optimum pH was determined to be pH 5 (this 

enzyme activity level was nominally set to 100%). เท slight contrast, the optimum pH 

value of most plant SODs are reported to be less or not acidic, being in the range of 

pH 6-9, such as the SOD isozymes from Radix iethosperm i seed,53 pear m illet 

seedlings,48 wheat seedlings,82 tea,49mung bean,106 and corn.104

Over the pH range of pH 4-10, the Mn-SOD enzyme activity was stable for 120 

min and retained the highest activity at pH 5, but still retained some 80% activity at 

pH 7 and pH 8 for 60 min and at pH 6 for 45 min, before decreasing to 70% and 60% 

residual activity after 120 min at pH 7-8 and pH 6, respectively (Figure 4.68). At pH 4, 

the Mn-SOD enzyme retained 80% of activity for only 10 min and then the activity 

dropped to lower than 40% at 120 min. The pH stability of the enriched Mn-SOD 

enzyme from 5. tuberosa was somewhat broader than that compared to results from 

the SOD from wheat seedlings,82 which after 15 min at pH 7-9 displayed only -60-
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80% activity, and less than 40% activity after longer times, compared to a higher 

activity (78-100%) over a broader pH range (pH 5-9) for longer (up to 45 min) for the 

purified SOD from ร. tuberosa. Likewise, the pH stability of the SOD from R. 

lethosperm i seeds53 was lower than that reported here for ร. tuberosa. For example, 

at pH 5, the activity of purified SOD from R. lethosperm i seeds were reduced to 50% 

while that from ร. tuberosa was 100%.

4.3.5 The optimum temperature and thermal stability of SOD enzyme

The enriched Mn-SOD enzyme from ร. tuberosa roots maintained an -100% 

enzyme activity over the broad temperature range of 0-50 °c, but this decreased to 

50% and 30% at 60 ° c  and 70 °c, respectively, and was completely inactivated at 

80-100 ° c  (Figure 4.7A). This optimum temperature of 0-50 °c  is the same as that 

reported for the SODs from garlic and wheat seedlings,82 but wider than that reported 

from other plant SODs, such as pearl m illet seedlings (20-35 °c)  and R. lethosperm i 

seeds (25-45 °C).53

The enriched Mn-SOD from ร. tuberosa roots was found to be thermostable 

up to 40 ° c  with the enzyme activity remaining at -100% for 90 min at these 

temperatures, but declining to 90% after 120 min (Figure 4.7B). However, at 50 ° c  the 

SOD activity was around 90% for 30 min and then dropped to 80% at 120 min, whilst 

at 60 ° c  the SOD activity decreased to 30% after 120 min, and the enzyme was 

completely inactivated after 90 to 120 min at 70 °c.

The thermal stability of the enriched Mn-SOD from ร. tuberosa roots 

observed here (Figure 4.7B) was higher than the purified SOD from wheat seedlings, 

the latter of which displayed only 20%  activity after 60  min at 60 ° c  compared to
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50% activity after 60 min and 30% activity after 120 min for that from ร. tuberosa 

roots. After 60 min at 70 °c the enzyme activity of the enriched SOD from ร. 

tuberosa was around 30% compared to less than 10% for the SOD from wheat 

seedlings.82

4.3.6 Determination of the effect of different bivalent metal ions on the SOD 

activity

The enriched Mn-SOD from ร. tuberosa roots was pre-incubated with various 

metal ions at 0.1, 0.5, 1 or 5 mM for 30 min before determining the residual SOD 

activity of the enzyme using the riboflavin-NBT assay. The prior incubation with Fe2+ 

significantly enhanced the SOD enzyme activity level at all four tested 

concentrations, but in a dose-independent manner, at least at these tested 

concentrations, which were outside of the 0-0.1 mM range (Table 4.2). Pre-incubation 

with Ca2+ also significantly increased the enzyme activity level at 0.5 to 5 mM, but 

only weakly at 0.1 mM. A weak increase in enzyme activity level was seen for Zn2+ 

and Cu2+ at low concentrations (0.1 and 0.5 mM), but these two metal ions were 

either strongly (Zn2+) or weakly (Cu2+) inhibitory at higher concentrations (1.0 and 5.0 

mM). เท contrast, Hg2+, Mn2+ and Mg2+ showed a dose-dependent strong inhibition of 

the SOD enzyme activity, with Hg2+ causing com plete enzyme inhibition at 5 mM. 

Finally, the enzyme was completely inactivated by SDS at concentrations of 0.5 mM 

and above.

The inhibition of SOD enzyme activity by both SDS and Flg2+ at low 

concentrations has been reported for other plant SODs, such as wheat seedlings,82 

and tea.49 เท addition, plant SODs have been reported to use Cu2+, Zn2+, Fe2+ and 

Mn2+ as prosthetic groups in their active site, which mainly aid electron transfer
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during the oxidation-reduction reaction, 82 whilst Zn2+ has been reported to not only 

be an electron carrier but also play a role in the stability of the enzyme structure.5̂
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Figure 4. 6 The effect of pH on the enriched MnSOD from ร. tuberosa roots showing: 

(A) the relative SOD activity level in different 20 mM buffers and pH values, for (O) 

glycine-HCl (pH 2-4), (• )  sodium acetate (pH 4-6), ( A )  potassium phosphate (pH 6- 

8), (□) Tris-HCl (pH 8-10) and (■) glycine-NaOH (pH 10-12) and (B) the pH stability of 

the enzyme after 10-120 min preincubation in 20 mM sodium acetate (pH 4; (O), pH 

5; (•), pH 6; (□), potassium phosphate ((■); pH7 & (A ) ;  pH8) and Tris-HCl ((A ); pH 

9 & ( ▼  ); pH 10). (B) The pH stability of the enzyme for 10-120min. เท all cases the 

data, reported as the relative activity where the highest seen was set at 100%, are 

shown as the mean ± 1 รอ and are derived from 3 independent repeats.
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Figure 4. 7 The effect of temperature on the enriched MnSOD from ร. tuberoso roots 

showing:- (A) the relative SOD activity level at different temperatures, and (B) the 

thermal stability of the enzyme after 10-120 min pre-incubation at different 

temperatures. เท all cases the data, reported as the relative activity where the 

highest seen was set at 100%, are shown as the mean ± 1 SD and are derived from 3 

independent repeats (B) The effect of appropriate temperature from optimum 

temperature range at 10-120 min. (•); 4 0 ° c ,  (■ );  5 0 ° c ,  ( A ) ;  6 0 ° c  and (o); 7 0 °
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Table 4. 3 The effect of bivalent metal ions or SDS on the enriched MnSOD enzyme 

activity.

% Relative SOD activity1

Additive 0.1 ณM 0.5 mM 1 mM 5 mM

Zn2+ 101.2 ±0.008 103.6 ±0.003 88.4 ± 0.009 88.4 ±0.010

Cu2* 102.6 ± 0.004 102.6 ±0.017 97.2 ± 0.009 97.2 ± 0.004

Ca^ 102.8 ± 0.005 110.0 ±0.008 110.0 ±0.002 109.2 ± 0.004

Mn2' 95.6 ±0.012 82.0 ±0.008 67.6 ±0.017 65.2 ± 0.006

Fe> 110.0 ±0.007 110.0 ±0.013 110.0 ±0.017 110.0 ±0.006

Mg> 86.8 ± 0.002 85.2 ±0.010 80.4 ±0.001 75.6 ±0.008

Hg> 65.2± 0.044 60.5 ± 0.023 56.5 ±0.012 0

SDS 81.3 ±0.038 0 0 0

'Data, reported as the % relative enzyme activity where that of the control with no 

addition was set as 100%, are shown as the mean ± standard deviation and are 

derived from three independent replications. Means within a column or row 

followed by a different lowercase superscript letter are significantly different (p<0.05; 

ANOVA and Tukey test on log transformed data).
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4 .3 .7  E v a lu a t i o n  o f  t h e  e f f e c t  o f  r i b o f l a v in  a n d  N B T  o n  S O D  a c t i v i t y

Different concentrations of NBT (0.1-0.25 mM) and riboflavin (0.05 - 0.1 mM) 

were used to determine the kinetics of the SOD activity. Double reciprocal 

(Lineweaver-Burke) plots of the data revealed that the relationships were linear (R2 =

0.964 and 0.954 for NBT and riboflavin, respectively), giving derived Km and Vmox 

values of SOD of 62.414 ± 0.015 M and 101.010 ± 0.022 pmol/min/mg protein for 

NBT and 27.389 ± 0.032 M (Figure 4.8A)and 38.167 ± 0.021 pmol/min/mg protein for 

riboflavin (Figure 4.8B).

4 .3 .8  P a r t ia l  n u c l e o t i d e  s e q u e n c e s  o f  S O D  f r o m  ร . tu b e r o s o

To determine the partial nucleotide sequences of SOD from ร. tuberosa the 

5 ’ RACE and 3’RACE PCR were generated by using two primers 3-pine and 5-solo 

which were designed according to the sequences of pine apple (Ananas comosus) 

and tomato (Solarium  iycopersicum) SODs respectively. With these two primers and 

API primer (5’-CCATCCTAATACGACTCACTATAGGGC-3’) and the PCR condition as 

mentioned in section 4.2.14, the approximately 400 bp PCR products was extracted 

and submitted for DNA sequencing (Macrogen, Korea). Then, 70 bp nucleotide 

sequences were obtained from the alignment by using ApE program (Appendix D). 

The primers F l, F2, R1 and R2 were designed from the previous 70 bp for obtaining 

the longer nucleotide sequences under the same PCR condition. There are 178 bp

(5’GAGGGGATTTGCGGGGGTATAGTTGTCAGGGTCTCCTTATAGGTCTGGT

G AG AATAAAACTAGT GATATTAAG ATTAG AAGTAAG AGTAAGGCT CCTAGG ATGT c m '  GATT G 

TATAGTAGGGGTGAAATGGGATTTTGTCTGAGTCTGATGGCAATTCCTGAGGGTTTGTTCCATC 

C-3’) of nucleotide sequence of SOD from 5. tuberoso was obtained from using the
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primers R1 and R2. Consequently, this is partial nucleotide sequence of SOD from ร. 

tuberosa. Therefore, is not long enough to compare with the database so more 

primers are needed to be designed from the partial nucleotide sequences (178bp) to 

obtain a longer nucleotide sequences then compare to the database.
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Figure 4. 8 Kinetics, shown as a double reciprocal (Lineweaver-Burk) 

plots, of the enriched SOD activity from ร. tuberose with different 

concentrations of (A) NBT and (B) riboflavin as substrates.
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4 .4  C O N C L U S I O N

Superoxide dismutases were discovered from the root of ร. tuberosa. There 

are at least three different SOD was found from this plant after purified using ion 

exchange chromatography called ST-1, ST-2 and ST-3. ST-1 from unbound fraction 

has the strongest SOD activity. ST-1 was characterized as a purified Mn-SOD which 

normally find in mitochondria. Mn-SOD is usually found in mitochondria for 

protecting the organelle from free radical damage. Mn is a cofactor of SOD and can 

scavenge superoxide radical to hydrogen peroxide and oxygen molecule. Because of 

the mode of action, there are publications reported on biological activities of SOD 

such as antioxidant, ant-aging and anti-inflammatory properties which can be applied 

to use in pharmaceutical industry. Consequently ST-1 was characterized its 

biochemical properties for preparing to use in future pharmaceutical application. เท 

addition, ST-1 is still required to characterize its biological properties that have not

been reported in this research, yet.
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