
CHAPTER IV

D ISCU SSIO N

4 .1  Preparation and purification o f  am y lom altase  from  c .  glutam icum

C ru d e  a m y lo m a lt a s e  w a s  c o l le c t e d  a n d  p u r if ie d  b y  H isT ra p  a f f in ity  c o lu m n  

c h r o m a to g ra p h y  as in  p re v io u s  r e p o r t  (S r is im a ra t et a i  2011 ). T h is  r e c o m b in a n t  

a m y lo m a lt a s e  c o n ta in s  10 h is t id in e  re s id u e s  a t t h e  N - te rm in u s . T h e  im id a z o le  ring o f  

h is t id in e  c a n  b in d  t o  n ic k e l (II) a t t a c h e d  a t  s ta t io n a r y  p h a s e  o f  t h e  c o lu m n  a n d  o th e r  

p r o te in s  w ith  n o n s p e c if ic  in te r a c t io n  w e re  w a s h e d  b y  t h e  b in d in g  b u ffe r  w ith  lo w  

c o n c e n t r a t io n  o f  im id a z o le .  A fte r  th a t ,  e lu t io n  b u ffe r  w ith  h ig h  c o n c e n t r a t io n  o f  

im id a z o le  w a s  a p p l ie d  w h ic h  le d  t o  e lu t io n  o f  t h e  e n z y m e  (S c h m it t  et at. 1993). 

F ro m  th e  p u r if ic a t io n  t a b le  (T a b le  3.1), c r u d e  a n d  p u r if ie d  e n z y m e  s h o w e d  1 .14  a n d

5 4 .7  บ / m g p ro te in ,  r e s p e c t iv e ly  a n d  t h e  p u r it y  w a s  48  f o ld s  w ith  54 .5%  re c o v e ry . T h e  

c r u d e  e n z y m e  s h o w e d  s im ila r  s p e c if ic  a c t iv it y  t o  th a t  r e p o r te d  p r e v io u s ly  b y  o u r  

g ro u p  (S r is im a ra t et at. 2011 ). F lo w e v e r , t h e  s p e c if ic  a c t iv it y  o f  t h e  p u r if ie d  e n z y m e  

w a s  a p p r o x im a te ly  tw o  t im e s  h ig h e r  b e c a u s e  th e  p r o te in  c o n t e n t  in  th is  w o rk  w a s  

lo w e r .  A n d  th e  r e c o v e r y  w a s  a ls o  tw o  t im e s  h ig h e r. T h e  s iz e  o f  t h e  p u r if ie d  e n z y m e  

a s  a n a ly z e d  b y  7 .5%  S D S -P A G E  w a s  8 4  kD a (F ig u re  3.2) w h ic h  is t h e  s a m e  a s  th a t  

p r e v io u s ly  r e p o r te d  (S r is im a ra t  et a i,  2011).

4.2 D eterm ination o f  accep to r specificity  and the  synthesis o f  g lucoside  

products

เท previous work on the enzymes of the 4a-glucanotransferase family, several

studies on acceptor specificity and the synthesis of glucoside products catalyzed by

CGTase have been reported. For example, hesperidin glucosides were synthesized by
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C G T a s e  f ro m  an  a lk a lo p h i l i c  Bacillus s p e c ie s  u s ing  s o lu b le  s ta rc h  a s  d o n o r ,  t h e  

p r o d u c t s  s h o w e d  h ig h e r  w a te r  s o lu b i l i t y  c o m p a r e d  t o  n a tu ra l h e s p e r id in .  ( K o m e ta n i 

et al. 1994). T h e  ทาa lto o l ig o s a c c h a r id e s  w ith  6 3 -79 %  y ie ld  w e r e  s y n th e s iz e d  b y  

C G T a s e  f r o m  Thermoanaerobacter sp . u s in g  s o lu b le  s ta rch  as d o n o r  a n d  g lu c o s e  as 

a c c e p t o r  (M a rt in  et al. 2000). T h e  s y n th e s is  o f  a lk y l g lu c o s id e s  b y  C G T a s e  f ro m  

Paenibacillus sp . RB01 th ro u g h  in t e rm o le c u la r  t r a n s g lu c o s y la t io n  (C h o t ip a n a n g  2 0 11 , 

K a te la k h a  20 12 ) t o  im p ro v e  s u r fa c ta n t  a n d  e m u ls ify in g  a c t iv it y  w e re  r e p o r te d .  

E p ic a te c h in  g lu c o s id e s  (A ra m s a n g t ie n c h a i et al. 2011 ) a n d  c e l lo b io s e  g lu c o s id e s  

(W o n g sa n g w a tta n a  et al. 20 10 ) w e re  a ls o  s y n th e s iz e d  b y  th is  e n z y m e  t o  im p ro v e  

th e ir  p r o p e r t ie s  s u ch  a s  s o lu b i l i t y  a n d  a n t io x id a n t  a c t iv ity .  เท c o n t r a s t  t o  C G T a se , o n ly  

a  f e w  n u m b e r  o f  a c c e p t o r  s tu d y  o f  a m y lo m a lt a s e  a n d  s y n th e s is  o f  g lu c o s id e  

p r o d u c t s  h a v e  b e e n  r e p o r te d .  A m y lo m a lt a s e  f r o m  E. coli IFO  3 8 06  p re fe rs  a - h y d r o x y l  

g ro u p  o f  h e x o s e  a t p o s it io n  C 4  (K ita h a ta  et al. 1989). เท 2011 , a  n o v e l  a m y lo m a lt a s e  

f r o m  c. glutamicum w ith  2 0 -2 5 %  a m in o  a c id  s e q u e n c e  id e n t it y  t o  t h o s e  p r e v io u s ly  

r e p o r te d  a m y lo m a lt a s e  w a s  c h a r a c te r iz e d  (S r is im a ra t  et al. 2011 ). B y  th is  e n z y m e ,  

m a lt o o l ig o s y ls u c r o s e  w ith  a n  a n t ic a r io g e n ic  p r o p e r t y  w a s  s y n th e s iz e d  u s in g  s u c ro s e  

a n d  ra w  ta p io c a  s ta rc h  a s  g lu c o s y l a c c e p t o r  a n d  d o n o r ,  r e s p e c t iv e ly  (S a e h u  et al. 

2013 ). A n d  thermus sp . a m y lo m a lt a s e  in  c o m b in a t io n  w ith  t r a n s g lu c o s id a s e  w e re  

u s e d  t o  s y n th e s iz e  IM O s w ith  p r e b io t ic  a c t iv it y  (R u d e e k u lth a m ro n g  et al. 2013).

เท th is  w o rk  o n  th e  a c c e p t o r  s p e c if ic it y  o f  a m y lo m a lt a s e  f r o m  c. çlutamicum, 

t h r e e  g ro u p s  o f  a c c e p t o r s  w e re  d e te rm in e d :  s h o r t  c h a in  a lc o h o ls ,  f la v o n o id s  a n d  

s a c c h a r id e s . S in c e  a lc o h o l  s o lv e n t  m a y  a f fe c t  e n z y m e  a c t iv it y  a n d  s ta b i li t y ,  b o th  

p r o p e r t ie s  o f  a m y lo m a lt a s e  w e re  f irs t  a n a ly z e d  in  1 -30%  (v /v ) s h o r t  c h a in  a lc o h o ls .  It 

w a s  fo u n d  th a t  a f te r  10 m in u t e s  in c u b a t io n ,  th is  e n z y m e  s t i l l  r e ta in e d  a c c e p t a b le
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le v e l  o f  a c t iv it y  e n o u g h  fo r  c a ta ly s is  o f  s ta rch  t r a n s g lu c o s y la t io n  r e a c t io n  in  1 -20%  

(v /v ) m e th a n o l,  1 -10%  (v /v ) e t h a n o l,  1 -30%  (v /v ) p r o p a n o l a n d  1% (v /v ) b u ta n o l .  T h e  

r e la t iv e  a c t iv it y  o f  t h e  e n z y m e  w a s  d e c re a s e d  w h e n  t h e  c o n c e n t r a t io n  a n d  

in c u b a t io n  t im e  w e re  in c re a s e d . A m y lo m a lt a s e  w a s  le s s  s t a b le  t o  o rg a n ic  s o lv e n t  

th a n  C G T a se , C G T a s e  f r o m  Paenibaciltus sp . R B O lw a s  r e p o r te d  t o  b e  s t a b le  in  1 -50%  

(v /v ) s h o r t  c h a in  a lc o h o ls  (m e th a n o l- b u t a n o l)  (K a te la k h a  2012 ). O u r  re s u lt  s h o w e d  

th a t  a l l  c o n c e n t r a t io n s  o f  s h o r t  c h a in  a lc o h o ls  ( m e th a n o l- b u t a n o l)  d id  n o t  le a d  t o  

s ta rch  t r a n s g lu c o s y la t io n  a c t iv it y  o f  a m y lo m a lt a s e ,  t h e y  c o u ld  n o t  a c t  a s  g lu c o s y l 

a c c e p to r .  T h is  is in  c o n t r a s t  t o  C G T a se , t h e  e n z y m e  f r o m  Paenibacillus sp . RB01 

c o u ld  e f f e c t iv e ly  u s e  sh o rt  c h a in  (m e th a n o l,  e t h a n o l ,  1- p ro p a n o l,  2 - p r o p a n o l,  1- 

b u ta n o l,  a n d  2 -b u ta n o l)  (C h o t ip a n a n g  20 11 ) a n d  m e d iu m  c h a in  a lc o h o ls  ( p e n t a n o l,  

is o p e n ta n o l,  2 - h e x a n o l a n d  c y c lo h e x a n o l)  a s  a c c e p t o r  in  t h e  c o u p l in g  a c t iv it y  a ssa y .

เท c o n t r a s t  t o  a lc o h o ls ,  s a c c h a r id e s  w e re  a b le  t o  fu n c t io n  a s  g lu c o s y l 

a c c e p t o r  fo r  s ta rc h  t r a n s g lu c o s y la t io n  a c t iv it y  o f  th is  a m y lo m a lt a s e .  G lu c o s e  le d  t o  

t h e  h ig h e s t  a c t iv it y  o f  c. çlutamicum a m y lo m a lt a s e ,  t h e  s a m e  r e s u lt  w a s  f o u n d  w ith  

C G T a s e s  f r o m  B. stearothermophilus, B. circulons and B. macérons (K ita h a ta  et al. 

1992). W e  fo u n d  th a t  m a n n o s e ,  f r u c to s e  a n d  g a la c to s e  ( l is te d  in  d e c re a s in g  o r d e r  o f  

m a k in g  a c t iv e  e n z y m e )  w e re  le s s  e f fe c t iv e  th a n  g lu c o s e .  B y  c o m p a r is o n  o f  t h e s e  

h e x o s e  a c c e p t o r s  w ith  g lu c o s e , t h e  c o n f ig u ra t io n  o f  O H  g ro u p  a t  C 2  o f  m a n n o s e  a n d  

C 4  o f  g a la c to s e  w e re  d if fe re n t . F r u c to s e  is a k e to s e  su ga r w h i le  g lu c o s e  is a n  a ld o s e  

sugar. T h is  r e s u lt  t h u s  s u g g e s te d  th a t  t h e  c o n f ig u ra t io n  o f  O H  a t  C 4  w a s  m o s t  

im p o r ta n t  fo r  a m y lo m a lt a s e ,  a c h a n g e  in  O H  c o n f ig u ra t io n  a t  th is  p o s it io n  s ig n if ic a n t ly  

a f fe c te d  o n  its  r e la t iv e  a c t iv ity . F u r th e rm o re ,  an  a ld o s e  su ga r w a s  p re fe r re d . F u c o s e  

a n d  r h a m n o s e  a s  d e o x y  h e x o s e ,  t h e y  h a v e  m e th y l g ro u p  in s t e a d  o f  C H 2O H  a t C 6
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w h ic h  m ig h t  a f fe c t  b in d in g  w ith  t h e  e n z y m e ,  th u s  r e s u lt in g  in  d e c re a s in g  a c t iv it y  t o  

lo w e r  th a n  th a t  r e v e a le d  b y  m a n n o s e .  T h is  f in d in g  in d ic a te d  th a t  O H  a t  C 6  p o s it io n  

w a s  m o re  im p o r t a n t  th a n  a t C 2 . F o r  p e n to s e  sugar, a r a b in o s e  a n d  r ib o s e ,  t h e y  g a v e  

s ig n if ic a n t ly  lo w e r  a c t iv it ie s  th a n  th a t  b y  g lu c o s e  su g g e s t in g  t h a t  t h e  h e x o s e  s t r u c tu re  

w a s  r e q u ir e d  fo r  a  c o m p o u n d  t o  b e  a n  e f fe c t iv e  a c c e p t o r  o f  a m y lo m a lt a s e .  W ith in  

t h e  d is a c c h a r id e  su b g ro u p , t h e  r e la t iv e  a c t iv it y  g a v e  b y  m a lt o s e  ( g lu c o s e , a -1 ,4 -  

g lu c o s e )  > p a la t in o s e  (g lu c o s e , a -1 ,6 - f r u c to s e )  £ s u c r o s e  (g lu c o s e , a - 1,2 - f ru c to se )  > 

c e l lo b io s e  ( g lu c o s e , p -1 ,4 -g lu c o s e )  > m e l ib io s e  (g a la c to s e , a -1 ,6 -g lu c o s e )  > la c t o s e  

(g a la c to s e , a -1 ,4 -g lu c o s e ) ,  th is  r e s u lt  su g g e s te d  th a t  a m y lo m a lt a s e  p r e fe r r e d  th e  

g lu c o s e  s t r u c tu r e  l in k e d  b y  a - 1 ,4  g ly c o s id ic  b o n d . F o r  t h e  t r is a c c h a r id e  s u b g ro u p , 

a m y lo m a lt a s e  p re fe r re d  m a lto t r io s e  t o  ra f f in o s e  (g a la c to s e , a -1 ,6 -g lu c o s e ,  a - 1 ,2- 

fru c to se ) , w h i le  m a lt o t e t r a o s e  w a s  t h e  m o s t  p r e fe r r e d  a c c e p t o r  in  t h e  

o lig o s a c c h a r id e  su b g ro u p . เท a d d it io n ,  m a lt o p e n t a o s e  w a s  ra th e r  p o o r  a c c e p t o r  w h i le  

m a lt o h e x a o s e  a n d  m a lt o h e p t a o s e  c o u ld  n o t  a c t  a s  a c c e p t o r .  F ro m  t h e  r e s u lt s  o f  t h e  

fo u r  s u b g ro u p s  o f  s a c c h a r id e s , t h e  r e la t iv e  a c t iv it y  p r o v id e d  c o u ld  b e  ra n k e d  in  t h e  

d e c re a s in g  o r d e r  a s  g lu c o s e  > m a lto s e  > m a lt o t r io s e  > m a lto t e t r a o s e .  It c a n  b e  

c o n c lu d e d  th a t  th is  a m y lo m a lt a s e  p re fe r s  h e x o s e  s t r u c tu re  o f  t h e  

m a lt o o l ig o s a c c h a r id e  se r ie s  w ith  u p  t o  4  g lu c o s e  r e s id u e s , s im ila r  r e s u lt  w a s  a ls o  

r e p o r te d  fo r  t h e  a m y lo m a lt a s e  f r o m  E.coli IFO  3 8 0 6  (K ita h a ta  et a i  1989). A n d  t h e  

a - h y d r o x y l  g ro u p s  o f  h e x o s e  a t  p o s it io n  C 2 , C4 , C 6  a re  s u it a b le  fo r  t h e  a c t iv e  s ite  o f  

a m y lo m a lt a s e .  T h is  is s im ila r  t o  t h e  s tu d y  o f  C G T a s e  f r o m  8. circulons A l l  

(W o n g sa n g w a tta n a  2000 ), C G T a s e s  f r o m  8. macerans, 8. megaterium  (K ita h a ta  1988) 

a n d  4 a - g lu c a n o t r a n s fe ra s e  f r o m  P. Kodakaraensis K O D 1  (T a c h ib a n a  et a i  2 0 0 0 ) w e r e  

r e p o r te d  t o  p re fe r  f r e e  O H  g ro u p s  a t  C 2 , C 3  a n d  C 4  w ith  t h e  s a m e  c o n f ig u ra t io n  a s
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g lu c o s e . F o r  o u r  a m y lo m a lt a s e ,  C 3  c o n f ig u ra t io n  o f  g lu c o s e  m a y  a ls o  b e  r e q u ire d , 

h o w e v e r ,  t h e  s a c c h a r id e s  t e s t e d  c o u ld  n o t  le a d  t o  th is  c o n c lu s io n .  D - a l lo s e  w ith  

d if fe r e n t  c o n f ig u ra t io n  a t C 3  c o m p a r e d  t o  g lu c o s e  s h o u ld  b e  t e s t e d  as a c c e p t o r  t o  

c o n f irm  t h e  r e q u ir e m e n t  o f  t h e  e n z y m e  fo r  th is  p o s it io n .

G lu c o s id e  p r o d u c t s  f r o m  f la v o n o id s  c o u ld  n o t  b e  a n a ly z e d  b y  io d in e  m e th o d  

o f  t h e  s ta rch  t ra n s g lu c o s y la t io n  a c t iv it y  a s s a y  b e c a u s e  t h e  c o lo r  o f  f la v o n o id s  

in te r fe r e d  t h e  c o lo r  o f  s ta r c h - io d in e  c o m p le x .  T h u s  t h e  g lu c o s id e  p r o d u c t s  f r o m  

f la v o n o id  a c c e p t o r  w e r e  a n a ly z e d  o n ly  b y  T L C .

4.3 Analysis of glucoside products by TLC and HPLC

T h e  g lu c o s id e  p r o d u c t s  f r o m  f la v o n o id s  a n d  s h o r t  c h a in  a lc o h o ls  w e re  

s e p a ra te d  b y  T L C  u s in g  e t h y la c e ta te : a c e t ic :w a te r  (3:1:1 b y  v o lu m e )  a s  a n o n p o la r  

s o lv e n t  s y s te m  (C h o t ip a n a n g  2011 ). T h e  s i l ic a - c o a te d  T L C  p la t e  a c ts  a s  a n  a d s o rb e n t  

s ta t io n a ry  p h a s e  w h i le  n o n p o la r  s o lv e n t  a c ts  a s a m o b i le  p h a s e  s o  n o n p o la r  

c o m p o u n d s  c a n  b e  s o lu b le  in  th is  s o lv e n t  a n d  m o v e d  w ith  la rg e r  d is t a n c e  ( la rg e r  R f 

v a lu e )  th a n  p o la r  c o m p o u n d s .  F o r  s ta n d a rd  G 1 -G 3  (F ig u re  3.6), G 1  is le s s  p o la r  s o  it 

w a s  h ig h ly  s o lu b i l iz e d  in  th is  s o lv e n t  s y s te m  a n d  m o v e d  w ith  la rg e r  d is t a n c e  a n d  

a p p e a r e d  o n  t h e  t o p  o f  T L C  p la te .  G 3  is m o re  p o la r  t h u s  m o v e d  w ith  s m a l le r  

d is ta n c e .  S o lu b le  p o t a to  s ta rc h  d o n o r  w h ic h  s h o w e d  lo w  s o lu b i l i t y  in  t h is  s o lv e n t  

w a s  d e t e c t e d  a t  t h e  o r ig in  w h e re a s  s h o r t  c h a in  a lc o h o ls  w e re  o b s e r v e d  a t  s o lv e n t  

f ro n t .  A  c o l le a g u e  in  o u r  re s e a rc h  g ro u p  fo u n d  th a t  m e th y l  m o n o g lu c o s id e  w a s  

p r o d u c e d  in  t h e  t ra n s g lu c o s y la t io n  r e a c t io n  c a ta ly z e d  b y  C G T a s e  f r o m  Paenibacillus 

sp . RB01 u s in g  P - c y c lo d e x t r in  a s  g lu c o s y l  d o n o r  a n d  m e th a n o l a s  a n  a c c e p t o r  

(C h o t ip a n a n g  20 1 1 ) , s o  th is  r e a c t io n  w a s  u s e d  in  o u r  s tu d y  as p o s it iv e  c o n t r o l  t o  

c o n f irm  th e  fo rm a t io n  o f  a g lu c o s id e  p ro d u c t .  F ro m  t h e  r e s u lt ,  m e th y l
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m o n o g lu c o s id e  s p o t  w a s  fo u n d  a b o v e  t h e  s p o t  o f  p - c y c lo d e x t r in  in  la n e  9 (F ig u re

3.6). N e v e r th e le s s ,  t h e r e  w a s  n o  g lu c o s id e  p r o d u c t  p r o d u c e d  b y  a m y lo m a lt a s e  w h e n  

sh o r t  c h a in  a lc o h o ls  w e re  u s e d  a s  a c c e p t o r  ( la n e  13, 15, 17 a n d  19, F ig u re  3.6), t h e  

r e s u lt  o f  w h ic h  c o r r e la t e d  w e l l  w ith  t h a t  f r o m  a c c e p to r  s p e c if ic it y  e x p e r im e n t  u s ing  

s ta rch  t a r n s g lu c o s y la t io n  a c t iv it y  a s s a y . A l l  o f  t h e  re s u lt s  s u g g e s te d  th a t  s h o r t  c h a in  

a lc o h o ls  ( m e th a n o l- b u t a n o l)  c o u ld  n o t  a c t  a s  a c c e p to r  w h e n  s o lu b le  p o t a to  s ta rch  

w a s  u s e d  a s  d o n o r  fo r  th is  a m y lo m a lt a s e .  T h is  m ig h t b e  d u e  t o  t h e  s m a l l  s iz e  a n d  

in a p p ro p r ia te  g e o m e t r y  o f  s h o r t  c h a in  a lc o h o ls  s o  t h e y  c o u ld  n o t  f it  t o  t h e  a c t iv e  s ite  

o f  a m y lo m a lt a s e .  F lo w e v e r , th e s e  a lc o h o ls  c o u ld  b in d  t o  C G T a s e  a c t iv e  s ite  a s t h e  

g lu c o s id e  p r o d u c t s  w e re  o b s e r v e d  (C h o t ip a n a n g  2 0 1 1 , K a te la k h a  2012 ). B e s id e s  

C G T a s e , o th e r  e n z y m e s  c a p a b le  o f  s y n th e s iz in g  g lu c o S id e s  f r o m  a lc o h o l  a c c e p t o r  a re  

le v a n s u c ra s e  (K im  et a i  2000 ), d e x t r a n s u c ra s e  (K im  et a i  2 0 0 9 )  a n d  P -g lu c o s id a s e  

( บ rd p ra p a m o n g k o l a n d  S va s t i 2000).

S e v e ra l w o rk  o n  f la v o n o id  g lu c o s id e s  s y n th e s is  h a v e  b e e n  re p o r te d .  

F le s p e r id in , n e o h e s p e r id in  a n d  n a r in g in  g lu c o s id e s  w e re  s y n th e s iz e d  b y  C G T a s e  f r o m  

a lk a lo p h i l ic  Bacillus  s p e c ie s  u s in g  s o lu b le  s ta rc h  a s  a g lu c o s y l d o n o r  in  a n  a lk a l in e  

c o n d it io n .  T h e  e n z y m e  t ra n s fe r re d  t h e  g lu c o s y l u n its  t o  O H  g ro u p  a t  C 4  o f  h e s p e r id in  

a n d  C 3  o f  n e o h e s p e r id in  a n d  n a r in g in  p ro d u c in g  th e ir  g lu c o s id e  p ro d u c ts .  T h e s e  

g lu c o s id e  p r o d u c t s  s h o w e d  h ig h e r  w a te r  s o lu b i l i t y  a n d  lo w e r  b it te rn e s s  t h a n  p a re n t  

a c c e p t o r  ( K o m e ta n i et a i  1994 , K o m e ta n i et a i  1996). F u r th e rm o re ,  th re e  t y p e s  o f  

e p ig a l lo c a t e c h in  g a l la te  g lu c o s id e s  p r o d u c e d  b y  g lu c a n s u c ra s e  f r o m  

L. ทาesenteroides B -1 2 9 9 C B  h a v e  b e e n  r e p o r te d  w ith  144  f o ld s  h ig h e r  a n t io x id a n t  

a c t iv it y  (M o o n  et a i  2006 ). เท o u r  w o rk , f la v o n o id s  t e s t e d  c o n s is t e d  o f  h e s p e r id in ,  

n a r in g in , p in o s t r o b in ,  f is e t in , e p ic a t e c h in  a n d  e p ig a l lo c a t e c h in  g a lla te .  T h e  g lu c o s id e
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p r o d u c t s  w e re  s e p a ra te d  b y  T L C  u s in g  e t h y la c e t a te : a c e t ic  a c id :w a te r  (3:1:1 b y  

v o lu m e )  a s  a s o lv e n t .  A l l  f la v o n o id s  t e s t e d  w e re  ra th e r  n o n  p o la r  c o m p o u n d  s o  t h e y  

m ig ra te d  w ith  la rg e r Rf. เท F ig u re  3.7, r e a c t io n s  w ith  h e s p e r id in  o r  n a r in g in  a t  2 4  h o u rs  

w e re  a n a ly z e d  c o m p a re d  t o  t h e  r e a c t io n  w it h o u t  a c c e p to r  t o  c o n f irm  t h e  g lu c o s id e  

p r o d u c t s .  T h e  r e a c t io n  w it h o u t  a c c e p t o r  s h o w e d  o n ly  t h e  s p o t  o f  s o lu b le  p o t a to  

s ta rc h  a t  t h e  o r ig in  ( la n e  6) in d ic a t in g  th a t  a m y lo m a lt a s e ,  w it h o u t  a c c e p to r ,  c o u ld  n o t  

t ra n s fe r  t h e  g lu c o s y l u n it  t o  o th e r  s ta rch  m o le c u le s  t o  fo rm  l in e a r  o lig o s a c c h a r id e s .  

R e a c t io n  w ith  n a r in g in  ( la n e  8) a n d  h e s p e r id in  ( la n e  10) g ave  n o  g lu c o s id e  p ro d u c t ,  

t h e y  c o u ld  n o t  a c t  a s  a n  a c c e p to r .  P in o s t ro b in ,  f is e t in  (F ig u re  3.8), e p ic a t e c h in  a n d  

e p ig a l lo c a t e c h in  g a l la te  (F ig u re  3 .9) g a v e  s im ila r  r e s u lt ,  n o  g lu c o s id e  p r o d u c t s  c o u ld  

b e  o b s e r v e d  ( la n e  14, 16). เท c o n t r a s t ,  g lu c o s id e s  o f  n a r in g in , h e s p e r id in ,  e p ic a t e c h in  

a n d  e p ig a l lo c a t e c h in  g a l la te  c o u ld  b e  s y n th e s iz e d  b y  C G T a s e s  ( K o m e ta n i et a i  1994 , 

A ra m s a n g t ie n c h a i et al. 2011). เท o u r  w o rk , C G T a s e  f r o m  Paenibacillus sp . R B O lw a s  

u s e d  a s  p o s it iv e  c o n t r o l ,  a n d  f iv e  s p o ts  o f  g lu c o s id e  p r o d u c t s  w e re  o b s e r v e d  ( la n e  7 

a n d  9, F ig u re  3.9). It w a s  t h e n  c o n c lu d e d  th a t  a l l  f la v o n o id s  t e s t e d  in  th is  s tu d y  

c o u ld  n o t  a c t  a s  a n  a c c e p t o r  fo r  th is  a m y lo m a lt a s e .  T h e  g e o m e t ry  o f  a c c e p t o r  s ite s  

in  C G T a s e  a n d  a m y lo m a lt a s e  w a s  d if fe r e n t  t h o u g h  th e  tw o  e n z y m e s  c a ta ly z e  s im ila r  

r e a c t io n  w ith  f o u r  a c t iv it ie s  (T a kah a  a n d  S m ith  1999). T h e  a c t iv e  s ite  o f  C G T a s e  f r o m  

B. circulons s tra in  251  (F ig u re  4.1) h a s  a t  le a s t  n in e  s u b s ite s  w ith  t h re e  c o n s e r v e d  

c a ta ly t ic  a m in o  a c id  re s id u e s  (G lu 2 5 7 , A s p 2 9 9  a n d  A s p  328) th a t  in v o lv e d  in  s u b s t r a te  

b in d in g  a n d  c a ta ly s is  (v an  d e r  V e e n  et al. 2 0 01 ) w h i le  a m y lo m a lt a s e  f r o m  

T. thermophilus F1B8 a ls o  h a s  t h r e e  c o n s e r v e d  a m in o  a c id  re s id u e s  (A sp 2 9 3 , G lu 3 4 0  

a n d  A s p  395) b u t  w ith  a t le a s t  s e v e n  s u b s ite s .  B in d in g  re s id u e s  in  t h e  tw o  e n z y m e s  

w e re  n o t  t h e  s a m e  th o u g h  c a ta ly t ic  r e s id u e s  w e re  t h e  sa m e . F o r  b in d in g  fu n c t io n ,
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a m y lo m a lt a s e  a ls o  h a s  2 5 0 s  lo o p  a b o v e  t h e  a c t iv e  s ite  t h a t  p a r t ia l ly  s h ie ld  t h e  a c t iv e  

s ite  fo r  b in d in g , a n d  a n o th e r  lo o p  a t  4 7 0 s  w a s  a ls o  p ro p o s e d .  H o w e v e r ,  C G T a s e  d o e s  

n o t  h a v e  th e s e  lo o p  s t ru c tu re s . H a v in g  th e s e  u n iq u e  lo o p s ,  t h e  s t r u c tu r e  m ig h t  c a u s e  

s u b s t ra te s  lik e  s h o r t  c h a in  a lc o h o ls  a n d  f la v o n o id s  t e s t e d  in  th is  s t u d y  c o u ld  n o t  f it  

t o  t h e  a c t iv e  s ite  o f  a m y lo m a lt a s e  (K a p e r  et a l  2007).

เท c o n c lu s io n ,  t h e  r e s u lt s  o f  a c c e p t o r  s p e c if ic it y  fo r  s h o r t  c h a in  a lc o h o ls  a n d  

f la v o n o id s  s u g g e s te d  th a t  th o u g h  t h e y  c o n ta in  f u n c t io n a l  O H  w h ic h  is r e q u ir e d  fo r  

a m y lo m a lt a s e ,  t h e s e  m o le c u le s  c o u ld  n o t  f it  t o  t h e  e n z y m e  a c t iv e  s ite  w h ic h  m ig h t  

b e  d u e  t o  u n s u it a b le  s iz e  o r  n o n fa v o r a b le  in te ra c t io n .

G lu c o s id e  p r o d u c t s  f r o m  s a c c h a r id e  a c c e p t o r s  w e re  d e t e c t e d  b y  T L C  u s ing  

b u ta n o l:p y r id in e :w a te r  (5:4:1 b y  v o lu m e )  a s  a n o n p o la r  s o lv e n t  s y s te m  (S a e h u  et a l 

2013). G lu c o s id e  p r o d u c t s  w e r e  m o re  p o la r  th a n  s a c c h a r id e  a c c e p t o r s  s o  t h e y  

m ig ra te d  w ith  s m a lle r  R f th a n  p a re n t  s a c c h a r id e s . A t le a s t  fo u r  t y p e s  o f  g lu c o s id e  

p r o d u c t s  f r o m  g lu c o s e  w e re  d e te c t e d  in  la n e  6 (F ig u re  3 .10) w h i le  m o r e  t h a n  f iv e  

t y p e s  o f  g lu c o s id e  p r o d u c t s  f r o m  m a lt o t r io s e  a n d  m a lt o t e t r a o s e  w e re  o b s e r v e d  in 

la n e  6 a n d  9 (F ig u re  3.11). เท F ig u re  3 .12 , t h e  sm e a r  o f  g lu c o s id e  p r o d u c t s  f r o m  

m a n n o s e  w a s  fo u n d  in  la n e  6 a n d  a t  le a s t  6, 3  a n d  4  s p o ts  o f  g lu c o s id e  p r o d u c t s  

f r o m  m a lto p e n t a o s e ,  p a la t in o s e  a n d  s u c ro s e  w e re  d e t e c t e d  in  la n e  9, 12, a n d  21 , 

r e s p e c t iv e ly .  M a n n o s e  a n d  p a la t in o s e  w e re  t h e n  s e le c t e d  a s  s u it a b le  a c c e p t o r s  fo r  

th is  a m y lo m a lt a s e  t o  p r o d u c e  g lu c o s id e  p r o d u c t s  o n  a c c o u n t  o f  p o s s ib ly  n e w  

p r o d u c t s  w ith  c o n s id e r a b le  a m o u n t s  o b ta in e d .

G lu c o s id e  p r o d u c t s  f r o m  m a n n o s e  a n d  p a la t in o s e  w e re  s e p a r a te d  b y  R e se x  

R S O  o lig o s a c c h a r id e  A g + H P L C  c o lu m n  u s in g  io n  e x c lu s io n  m e c h a n is m  t o  s e p a ra te



2
00

3
06181

94

(b)

P h e 3 6 6

Pt>e251

Figure 4.1 Schematic overviews of binding of maltononaose (G9) in the 

active site of CGTase from B. circulons strain 251 (a) and binding 

of maltoheptaose (G7) in the active site of amylomaltase from 

T. thermophilus HB8 (b).
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n e u t r a l a n d  io n ic  c o m p o u n d s  ( P a p a d o y a n n is  a n d  S a m a n id o u  2005 ). T h e  n o n io n ic  

c o m p o u n d s  e n t e r e d  t o  t h e  p o r e  o f  re s in s  t h a t  l in k e d  b y  4%  c ro s s l in k  s u lf o n a t e d  

s t y r e n e - d iv in y lb e n z e n e  s p h e re  w h e r e a s  io n ic  c o m p o u n d s  w e re  r e je c te d . T h e n  t h e  

n o n io n ic  c o m p o u n d s  w e re  e lu t e d  b y  u lt r a p u r e  w a te r . T h e  y ie ld  o f  g lu c o s id e  p r o d u c t  

f r o m  p a la t in o s e  (53.6% ) w a s  s ig n if ic a n t ly  h ig h e r  th a n  th a t  f r o m  m a n n o s e  (3 .67% ) s o  

p a la t in o s e  w a s  c h o s e n  a s  a s u it a b le  a c c e p t o r  fo r  th e  s y n th e s is  o f  g lu c o s id e s  p r o d u c t s  

f r o m  th is  a m y lo m a lt a s e .

4.4 Optimization of the synthesis of glucoside products

T h e  o p t im a l t e m p e ra t u r e  a n d  p H  o f  s ta rch  t r a n s g lu c o s y la t io n  a c t iv it y  o f  

a m y lo m a lt a s e  f r o m  c . gtutamicum  h a v e  b e e n  r e p o r te d .  T h e  e n z y m e  d is p la y e d  t h e  

m a x im u m  a c t iv it y  a t  3 0  °c, pH  6 .0  b u t  it s h o w e d  n o  a c t iv it y  a t  5 0  °c (S r is im a ra t 2010 ). 

S o , t h e  o p t im a l c o n d it io n  fo r  s y n th e s is  o f  g lu c o s id e  p r o d u c t s  b y  th is  a m y lo m a lt a s e  

w a s  a n a ly z e d  h e re  b y  v a ry in g  fo u r  p a ra m e te rs :  c o n c e n t r a t io n  o f  a c c e p to r ,  d o n o r ,  

e n z y m e  a n d  t h e  in c u b a t io n  t im e .  F ro m  t h e  re s u lt ,  t h e  o p t im iz e d  c o n d it io n  o b t a in e d  

fo r  t h e  s y n th e s is  o f  PG s  w a s  t o  in c u b a t e  5 u / m l  e n z y m e  w ith  7.5 m M  p a la t in o s e  a n d  

1.0%  (w /v ) s o lu b le  p o t a t o  s ta rch  in  5 0  m M  p h o s p h a te  b u ffe r , pH  6 .0  a t  30  °c fo r  2 4  

h o u rs  w ith  67 .2%  y ie ld .

P r e l im in a r y  c h a r a c te r iz a t io n  o f  g lu c o s id e  p r o d u c t s  w a s  p e r fo rm e d  b y  t re a t in g  

t h e  p r o d u c t s  w ith  g lu c o a m y la s e  f r o m  A  niger t o  in v e s t ig a te  t h e  l in k a g e  o f  PG s . 

G lu c o a m y la s e  (1 ,4 - a -g lu c o s id a s e )  is t h e  e x o - e n z y m e  th a t  m a in ly  h y d r o ly z e s  a - 1,4 

l in k a g e  f r o m  t h e  n o n - r e d u c in g  e n d  o f  o lig o s a c c h a r id e s  o r  s ta rc h  m o le c u le s  re s u lt in g  

in  t h e  r e le a s e  o f  g lu c o s e  r e s id u e s  (S a u e r  et a i  2000 ). T h e  e n z y m e  c a n  a ls o  

h y d r o ly z e s  t h e  a -1 ,6  lin k a g e  (M e r te n s  a n d  S k o ry  2007 ). G lu c o a m y la s e  w a s  a d d e d  in  

t h e  r e a c t io n  m ix tu re  a f te r  t h e  s y n th e s is  o f  PG s  a n d  t h e  re s u lt in g  s a m p le  w a s
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a n a ly z e d  b y  H P L C  (F ig u re  3 .18c). T h e  c h r o m a to g ra m  a f te r  g lu c o a m y la s e  t r e a tm e n t  

in d ic a te d  th a t  PG s w e re  c o n s is t e d  o f  g lu c o s e  re s id u e s  c o n n e c t e d  t o  p a la t in o s e  b y  a n  

a - 1,4 lin k a g e . T h e  y ie ld  o f  PG s  o b t a in e d  w a s  67 .2%  w h ic h  w a s  h ig h e r  th a n  th e  y ie ld  

b e fo re  o p t im iz a t io n  (53.6% ). U s in g  t h e  s a m e  a m y lo m a lt a s e ,  m a lt o o l ig o s y ls u c r o s e  w a s  

s y n th e s iz e d  b y  th is  a m y lo m a lt a s e  w ith  a 81 .7%  t r a n s g lu c o s y la t io n  y ie ld  u s ing  s ta rc h  

a n d  s u c ro s e  as d o n o r  a n d  a c c e p t o r  s u b s t ra te s  (S a e h u  et at. 2013). F o r  o th e r  

g lu c o s id e s  s y n th e s iz e d  b y  d if fe r e n t  e n z y m e s :  2 -O -a -D - g lu c o p y ra n o s y l L -a s c o rb ic  a c id  

c a ta ly z e d  b y  C G T a s e  s h o w e d  a h ig h  97%  y ie ld  (Aga et ๗ . 1991) w h i le

f r u c to o lig o s a c c h a r id e s  w ith  49 .8%  y ie ld  w e re  s y n th e s iz e d  b y  f r u c to fu r a n o s id a s e  

(M a rk o s y a n  et al. 2007 ). T h u s  t h e  y ie ld  o f  PG s o b t a in e d  in  th is  s t u d y  is a c c e p t a b le .

4.5 Large scale preparation, product separation and identification

T h e  r e a c t io n  m ix tu re  w a s  100  t im e s  u p  s c a le d  u s in g  t h e  o p t im a l c o n d it io n  

a n d  th e  r e a c t io n  w a s  c o n c e n t r a t e d  t o  2 .5  m l  b e fo r e  a p p ly in g  o n t o  B io g e l-P 2  c o lu m n  

t o  s e p a ra te  PG s. T h e  s e p a ra t io n  w a s  b a s e d  o n  s ize . T h e  s ta t io n a r y  p h a s e  w a s  

p o ly a c r y la m id e  b e a d s  t h a t  fo rm e d  b y  p o ly m e r iz a t io n  o f  N ,N '-m e th y le n e -b is -  

a c r y la m id e  a n d  t h e  p o re  s iz e  w a s  4 0 -5 0  p m . B io g e l-P 2  w a s  e f f e c t iv e ly  u s e d  t o  

s e p a ra te  c a rb o h y d r a te s  in  t h e  ra n g e  o f  1 0 0 -1 8 0 0  Da ( L a b o ra to r ie s  2000 ). T h e  s m a l l  

m o le c u le s  c o u ld  e n t e r  t h e  p o re  w h i le  la rg e r  m o le c u le s  w e re  f ir s t ly  e lu t e d  b y  

f i l t r a t e d  u lt r a p u re  w a te r . E lu te d  f r a c t io n s  w e re  a n a ly z e d  fo r  su ga r c o n t e n t  b y  p h e n o l-  

s u lfu r ic  m e th o d .  S u lfu r ic  a c id  w a s  a d d e d  t o  h y d r o ly z e  PG s  t o  m o n o s a c c h a r id e s  a n d  

t h e  p h e n o l in te r a c t e d  w ith  t h e s e  m o le c u le s  p ro d u c in g  o ra n g e  c o lo r  (N ie ls e n  2010 ). 

S o lu b le  p o t a to  s ta rch , PG s  a n d  p a la t in o s e  w e re  s e p a r a te d  b y  th is  c o lu m n  w h ic h  

w e re  c o n f irm e d  b y  F IPLC  a n d  H P A E C . PG s  in  p e a k  c -m  f r o m  B io g e l c o lu m n  w e re
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s u c c e s s f u l ly  s e p a ra te d  a n d  e ig h t  p e a k s  o f  P G s  w e re  id e n t i f ie d  a t  R t 24 , 26 , 27 , 29 , 31, 

35 , 39  a n d  4 4  b y  H P L C  (F ig u re  3.20).

M o re o v e r ,  p e a k  c -h  f r o m  PIPLC w ith  h igh  c o n c e n t r a t io n s  o f  PG s  w e re  

id e n t i f ie d  b y  PIPAEC u s in g  D io n e x  C a rb o P a c  PA 1  c o lu m n .  PIPAEC is a n io n ic  e x c h a n g e  

c h r o m a to g ra p h y  th a t  is u s e d  t o  s e p a ra te  c a rb o h y d r a te  m o le c u le s  th ro u g h  s p e c if ic  

in te r a c t io n  b e tw e e n  OFI g ro u p  o f  c a rb o h y d r a te  m o le c u le s  a n d  s ta t io n a ry  p h a se . T h e  

s e p a ra t io n  b a s e d  o n  s ize , c o m p o s it io n ,  a n d  l in k a g e  ( C o l le o n i et al. 1999). E a ch  

fo l lo w in g  PIPAEC p e a k  r e p re s e n t s  a d d it io n  o f  o n e  g lu c o s e  u n it  t o  p re c e d in g  p e a k . T h e  

r e s u lt  s h o w e d  th a t  P G 1 -P G 1 5  w e re  id e n t i f ie d  (F ig u re  3 .21) w ith  t h e  t r is a c c h a r id e  PG 1 

a s  a m a jo r  p ro d u c t .  T h u s  t h e  la rg e s t  PG  id e n t i f ie d  in  th is  s t u d y  w a s  PG 15 , re su lt in g  

f r o m  a d d it io n  o f  15 g lu c o s e  u n its , o n e  b y  o n e ,  t o  t h e  p a re n t  p a la t in o s e  a c c e p to r .  

T h e  r e s u lt s  h e re  a ls o  s u g g e s te d  th a t  PIPAEC a n a ly s is  d e m o n s t r a te d  h ig h e r  s e n s it iv it y  

o f  s e p a ra t io n  th a n  PIPLC.

O n ly  o n e  r e p o r t  o n  th e  e n z y m a t ic  s y n th e s is  o f  PG s  f r o m  p a la t in o s e  h a s  b e e n  

fo u n d .  เท th a t  s tu d y , t h e  g lu c o s id e  p r o d u c t s  f r o m  p a la t in o s e  a c c e p t o r  w a s  

s y n th e s iz e d  b y  T. brockii K o j ib io s e  p h o s p h o r y la s e .  T h e  p r o d u c t s  w e re  s e p a ra te d  b y  

c a r b o n - c e l it e  c o lu m n  c h r o m a to g ra p h y  a n d  d e t e c t e d  b y  H P A E C , in  w h ic h  t h e  

t r is a c c h a r id e  0 - a -D -g lu c o p y r a n o s y l- ( l ,2 ) - 0 - a -D -g lu c o p y r a n o s y l- ( l , 6 ) - D - f r u c to fu r a - n o s e )  

a n d  te t r a s a c c h a r id e  ( 0 - a - D - g lu c o p y r a n o s y l- ( l ,2 ) - 0 - a - D -g lu c o p y r a n o s y l- ( l ,2 ) - 0 -  a -D -  

g lu c o p y r a n o s y l- ( l,6 ) -D - f r u c to fu r a n o s e )  w e re  m a in  p r o d u c t s  (T a k a h a sh i et a i  2007). 

T h e  l in k a g e  o f  t h e  p a la t in o s e  g lu c o s id e s  o b t a in e d  w a s  t h e  a - 1,2 g lu c o s id ic  b o n d  

w h ic h  w a s  d if fe re n t  f r o m  t h e  PG s  in  th is  s t u d y  in  w h ic h  t h e  l in k a g e  w a s  p r o v e d  t o  b e  

t h e  a - 1,4 b y  g lu c o a m y la s e  t r e a tm e n t  a n d  N M R  re s u lt .
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4.6 Characterization of §๒coside products properties 

MS and *H-NMR

T h e  m o le c u la r  w e ig h t  o f  PG s  w e re  5 0 4  Da a n d  66 6  Da c o n f irm  th e  

t r is a c c h a r id e  a n d  te t r a s a c c h a r id e  n a tu re  b y  N M R , t h e  s t r u c tu re  o f  P G s  w e re  

p a la t in o s e  c o n n e c t e d  t o  g lu c o s e  u n it s  b y  a - 1,4 lin k a g e . T h e  s t r u c tu re  o f  PG s  is a s 

s h o w n  in  F ig u re  4.2.

Sweetness test

T h e  r e s u lt s  s h o w e d  th a t  t h e  s w e e tn e s s  o f  p a lt in o s e  w a s  a b o u t  th e  

s a m e  a s  s u c ro s e . In te re s t in g ly , t h e  s w e e tn e s s  o f  s h o r t  c h a in  a n d  lo n g  c h a in  P G s  w a s  

lo w e r  t h a n  p a la t in o s e .  T h e  r e s u lt  a g re e d  w e l l  w ith  p re v io u s  s tu d y  t h a t  r e p o r t e d  th a t  

t h e  s w e e tn e s s  o f  lo n g  c h a in  o lig o s a c c h a r id e s  w a s  d e c r e a s e d  w h e n  DP w a s  in c re a s e d  

(N akaku k i 1993). PG s w e re  r e p o r te d  t o  b e  s w e e te r  th a n  f r u c to o lig o s a c c h a r id e s  

(D o m in g u e z  et ai. 2 014 ) a n d  g a la c to o l ig o s a c c h a r id e s  (T z o r tz is  a n d  V u le v ic  2009 ) , th e ir  

s w e e tn e s s  w a s  0 .3  t im e s  th a t  o f  s u c ro s e . T h e  h e a lt h  b e n e f it  o f  lo w  s w e e tn e s s  o f  PG s 

w a s  a p p a r e n t  in  u s ing  a s  s w e e te n e r  in  f o o d  a n d  b e v e ra g e  p r o d u c t s  in  r e p la c e  o f  

s u c ro se .

C H jiO H

Figure 4.2 The structure of palatinose glucosides (PG)n, ท = 1-15  g lu c o s e  u n it s
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Hygroscopic test

F o r  o n e  w e e k  o f  te s t in g , t h e  w e ig h t  ga in  o f  lo n g  c h a in  PG s  w a s  h ig h e r  th a n  

t h o s e  fo r  s h o r t  c h a in  PG s  a n d  p a la t in o s e  in d ic a t in g  th a t  m o is tu r e  w a s  b e s t  a d s o rb e d  

b y  lo n g  c h a in  PG s. F ro m  p re v io u s  re p o r ts ,  a  d is a c c h a r id e ,  n e o a g a ro b io s e  s h o w e d  11 

t im e s  a n d  5 t im e s  h ig h e r  in h y g ro s c o p ic  p r o p e r t y  t h a n  s o d iu m  h y a lu r o n a t e  a n d  

g ly c e ro l,  r e s p e c t iv e ly .  F o r  t h e  h y g ro s c o p ic  p r o p e r t y  o f  o lig o s a c c h a r id e s  (D P2 -D P7 ), t h e  

l is t  in  o rd e r  is: D P 3  > D P 4  > = D P7  > D P5  > D P6 > D P 2  ( D o n n e l ly  et ai. 1973). T h e  

s u b s ta n c e  w ith  h y g ro s c o p ic  p r o p e r t y  s u ch  a s  s o r b ito l,  s u c r o s e  a n d  p e c t in  w e re  a d d e d  

t o  re ta in  t h e  m o is tu r e  in  f o o d  a n d  c o s m e t ic  p r o d u c t s  s u ch  a s  in  c a n d y ,  c a k e , ja m  

(S h in  et ai. 1988) a n d  m o is tu r iz in g  c re a m  (K o b a y a s h i et ai. 1997). PG s in  th is  w o rk  

c o u ld  th u s  b e  u s e d  as a h u m e c ta n t  in  f o o d  a n d  c o s m e t ic  p r o d u c t s .

Prebiotic activity

A  p r e b io t ic  is a  n o n -d ig e s t ib le  s u b s ta n c e  w h ic h  s t im u la t e s  t h e  g ro w th  a n d  

a c t iv it y  o f  n o rm a l f lo r a  b a c te r ia  in  t h e  c o lo n  s u c h  a s  Lactobacitius casei, 

Lactobaciilus iactis, Bifidobacterium infantis and Bifidobacterium iactis t h a t  e f fe c t s  

o n  h o m e o s ta s is  o f  d ig e s t iv e  s y s te m  (G ib so n  a n d  M e  C a r tn e y  1998). A t  p re s e n t ,  

s a c c h a r id e  is t h e  m o s t  in te re s t in g  p r e b io t ic s  d u e  t o  h e a lt h  b e n e f it  s u c h  a s  p r e v e n t io n  

o f  p a th o g e n  c o lo n iz a t io n  ( F e l le y  et at. 2001), lo w e r in g  o f  s e ru m  c h o le s t e r o l  (T a y lo r  

a n d  W il l ia m s  1998), a n d  r e d u c t io n  o f  d ia r rh e a  (Ran i 1998). เท th is  s tu d y , t h e  p r e b io t ic  

p r o p e r t y  w a s  t e s t e d  b y  t re a t in g  o f  p a la t in o s e  a n d  PG s  w ith  ra t in te s t in a l e n z y m e s  

(N im p ib o o n  et ai. 2011). T h e  re s u lt s  s h o w e d  th a t  p a la t in o s e  c o u ld  b e  p a r t ia l ly  

d ig e s te d  b y  t h e s e  e n z y m e s  g iv ing r ise  t o  g lu c o s e  a n d  f r u c to s e  w h i le  g lu c o s y l g ro u p s  

o f  b o th  s h o r t  c h a in  a n d  lo n g  c h a in  PG s  c o u ld  b e  c o m p le t e ly  h y d r o ly z e d .  Ra t
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in te s t in a l e n z y m e s  a re  m ix tu re  o f  a - a m y la s e ,  a - g lu c o s id a s e ,  g lu c o a m y la s e ,  s u c ra s e  

a n d  is o m a lta s e  (Y ang  et al. 2 0 0 5 ) ร๐  t h e  a - 1,4 l in k e d -g lu c o s e  f r o m  n o n - r e d u c in g  e n d s  

o f  PG s  c o u ld  b e  c o m p le t e ly  h y d r o ly z e d  a n d  g lu c o s e  w a s  r e le a s e d  a s  p r o d u c t  w h i le  

t h e  a -1 ,6  lin k a g e  b e tw e e n  g lu c o s e  a n d  f r u c to s e  in  p a la t in o s e  c o u ld  b e  p a r t ia l ly  

h y d r o ly z e d .  T h u s  p a la t in o s e  a n d  PG s  h a v e  s im ila r  p r e b io t ic  a c t iv it y .

Antibacterial activity

P a la t in o s e ,  s h o r t  c h a in  a n d  e v e n  lo n g  c h a in  P G s  s h o w e d  n o  a n t ib a c te r ia l  

p r o p e r t y  fo r  Escherichia co li a g ram  n e g a t iv e  a n d  Staphylococcus aureus a g ram  

p o s it iv e . F ro m  p re v io u s  s tu d ie s , s o m e  s a c c h a r id e s  w e re  r e p o r t e d  t o  h a v e  

a n t ib a c te r ia l  a c t iv it y .  F o r  e x a m p le ,  m a lto t r io s e ,  m a lto t e t r a o s e ,  m a l t o p e n t a o s e  a n d  

m a lt o h e x a o s e  a t  t w o  c o n c e n t r a t io n s  t e s t e d  (7 50  p g /m l a n d  3 m g /m l) s h o w e d  

a n t ib a c te r ia l  a c t iv it y  a g a in s t  Erwinia carotovora (B a e tr iz  S e r r a n o  1980), w h i le  

c o m b in a t io n  o f  m a lt o t e t r a o s e  a n d  a d ip o s in - 2  s h o w e d  a n t ib a c te r ia l  a c t iv it y  a g a in s t 

Enterobacterialceae (K a n g o u r i et al. 1982). เท a n o t h e r  s tu d y , 0 .5%  

c h it o o l ig o s a c c h a r id e s  (D P 3 -D P 6 ) c o m p le t e ly  in h ib it e d  t h e  g ro w th  o f  E. co li ( J e o n  a n d

K im  2000).
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