
CHAPTER I

INTRODUCTION

1.1 Cassava

C a s s a v a  (Manihot esculenta  C rantz) is a  tropical crop  gro w n  m o stly  for 
its s ta r c h y  th ick en ed  roo ts in th e  lo w la n d s o f A sia , A frica a n d  S o u th  A m erica . 
It is  a ls o  k n ow n  by o th er  c o m m o n  n a m e s  su c h  a s  Ubi k ette lla  in In d o n es ia , 
m a n io c a , rum u or y u c c a  in S p a n ish  A m erica , m a n d io c a  or a ip im  in Brazil, 
m a n io c  in M a d a g a sc a r  an d  F ren ch -sp ea k in g  Africa, ta p io c a  in India an d  
M a la y sia , a n d  c a s s a v a  or c a s s a d a  in E n g lish -sp ea k in g  r e g io n s  o f Africa, 
T h ailan d , a n d  Sri Lanka (C o rb ish ley , 1 9 8 4 ) . It is  a n  im p ortan t cro p  for 5 0 0  
m illion p e o p le  (C o o k e , 1 9 8 9 ) . C a s s a v a  b e lo n g s  to  th e  fam ily  E u p h o r b ia c e a e ,  
w h ich  in c lu d e s  P ara  rubber (Hevea brasilensis) an d  c a s te r  b e a n  (R ic inus  
communis). It s h o w s  e x tr e m e  varia tion s o f sh ru b  b ran ch , root s h a p e ,  
co lo ra tio n  o f p e t io le  or o f  ex tern a l an d  internal parts o f  root, in d icatin g  la rg e  
d e g r e e s  o f  hybrid ization  (C ock , 1 9 8 5 ).

C a s s a v a  c a n  b e  grow n  th rou gh ou t th e  y e a r  b e c a u s e  it h a s  n o  critical 
p eriod  o f p ro p a g a tio n  a n d  h a rv estin g . T h e  p ro p a g a tio n  is  e a s y  by u sin g  
s e e d s ,  tu b e r s  or s te m  cu ttin g s . T h e  plant req u ires m inim al a tten tio n  during  
grow th  a n d  it c a n  b e  p ro p a g a te d  on  a lm o st a n y  so il t y p e s  a n d  m o istu re  
c o n d it io n s , includ in g  sa n d y  so il, sa n d y -lo a m  so il, p oor  a n d  e x h a u s te d  lan d . It 
is  a b le  to  to le r a te  e ith er  e x tr e m e ly  a c id ic  or b a s ic  pH r a n g e s . F u rth erm ore, 
c a s s a v a  c a n  a ls o  w ith stan d  a  n u m b er  o f p e s t s  an d  d i s e a s e s .

C a s s a v a  h a s  e n te r e d  th e  m od ern  m arket e c o n o m y  a n d  th e r e  is  a  
g ro w in g  d e m a n d  for its u s e  in p r o c e s s e d  f o o d s  a n d  f e e d  p ro d u cts . 
In crea sin g ly , c a s s a v a  s ta r c h e s  an d  starch  d e r iv a tiv e s  s u c h  a s  dextrin , 
g lu c o s e ,  a n d  high fr u c to se  sy ru p  h a v e  b e c o m e  th e  m ain  p ro d u cts  o f  c a s s a v a
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a g ro -in d u stry . C a s s a v a  sta rch  h a s  a ls o  b e e n  u se d  in th e  p a p e r  a n d  tex tile  
in d u stry  a s  w ell a s  in th e  m a n u fa ctu re  o f a lco h o l an d  a d h e s iv e s  (M unyikw a, 
1 9 9 7 ).

C a s s a v a  w a s  b rou gh t to  T hailand , firstly in th e  S o u th  from  M a la y s ia , 
an d  it w a s  la ter in trod u ced  to  th e  E a stern  p ro v in ces  a n d  finally b ro u g h t to  th e  
N o rth ea st, th e  W e s t  an d  th e  u p p er  central reg ion . T o d a y  th e  m ajor a r e a s  for 
cu ltivation  o f c a s s a v a  a r e  in th e  E a st an d  th e  N o rth ea st, w h ich  r e p r e se n t  
arou n d  9 0  p e r c e n t o f  th e  total c a s s a v a  production .

Figure 1.1 C a s s a v a  tree  an d  its u n d ergrou n d  tu b e r o u s  ro o ts .
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Table1.1 A typ ica l c a s s a v a  root a n a ly s is  (C orb ish iay , 1 9 8 4 ) .

The chemical components of cassava root is dependent on species,
soil types, climate and harvesting ages (Corbishiay, 1984).

Com position Percent (%)
M oistu res 7 0
S tarch 2 4
Fiber 2
P rotein 1
Fat, m ineral, su g a r 3

R o o t t i s s u e s  w e r e  d iv id ed  into p e e l (s e c o n d a r y  p h lo em  w ith th e  thin  
cork  t i s s u e  la y er  r e m o v e d ) a n d  up  to  th ree  p a ren ch y m a l t i s s u e  a g e  g ro u p . U p  
to  4 0  % o f  th e  sta rch  co n cen tra tio n  c a n  b e  d e p o s ite d  in root p a r e n c h y m a l  
t is s u e .  R o o t sta rch  is  p erm a n en tly  rem o v ed  from  p a ren ch y m a l t i s s u e  to  o ld er  
roots, p rob ab ly  in a s s o c ia t io n  w ith n e w  fo lia g e  grow th  a t th e  start o f  a  n e w  
grow in g  s e a s o n  (O ’ Hair, 1 9 8 9 ) .

1.2 Starch com ponents

S ta rch  is  th e  principal r e s e r v e  ca rb o h y d ra te  in p lan ts. It is  lo c a liz e d  in 
th e  p la stid s , both  th e  c h lo r o p la s t  in le a v e s  an d  th e  a m y lo p la s t  in n o n ­
p h o to sy n th e tic  t i s s u e s .  T h e  sta rch  p ro d u ced  in n o n m u ta n t e n d o s p e r m s  or 
o th er  s to r a g e  o rg a n  c o n s is t s  o f  tw o  m ajor c o m p o n e n ts , a  lin ear a n d  b r a n c h e d  
p o ly sa c c h a r id e s , a m y lo s e  a n d  a m y lo p ec tin , r e sp e c tiv e ly .

เท a m y lo s e ,  D -g lu c o s e  u n its a re  linked to g e th e r  by O C-1,4 b o n d s . T h e  
a v e r a g e  ch a in  len g th  v a r ied  b e tw e e n  1 0 0 -1 0 ,0 0 0  g lu c o s e  m o le c u le s .  T h e  

io d in e  affinity w a s  2 0 .1  g /1 0 0  g with an  a b so rp tio n  m axim u m  (X -m ax )  o f
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6 4 4  nm , fo llow in g  reaction  with iod in e . U n d er sta n d a rd  c o n d it io n s , a m y lo s e  
b in d s a p p ro x im a te ly  2 0  % o f its o w n  w e ig h t o f io d in e , w h e r e a s  a m y lo p e c tin  
b in d s n o n e . A lth ou gh  a m y lo s e  is u su a lly  d e sc r ib e d  a s  a  lin ear a - 1 , 4  g lu c a n , 
s o m e  o f  th e  m o le c u le s  a re  s p a r se ly  b ra n ch ed  (N e lso n , 1 9 9 5 ) .

A m y lo p ectin  c o n s is t s  o f  a - 1 ,4  linked D -g lu c o s e  units, w h ich  a r e  c r o s s -  
linked  b y  a - 1 ,6  b o n d s . A m ylop ectin  is structurally  sim ilar to  g ly c o g e n  but h a s  
fe w e r  b ran ch  point th an  g ly c o g e n . T h e  io d in e  affinity w a s  1 .0 5 - 1 .2 5  g /1 0 0  g 
with A,-max b e tw e e n  5 4 4  an d  5 5 6  nm , fo llow in g  reaction  with io d in e . T h e  
a v e r a g e  c h a in  len g th  varied  b e tw e e n  2 0 - 3 0  g lu c o s e  m o le c u le s  (N e ls o n , 
1 9 9 5 ).

B oth th e  a m y lo s e  an d  a m y lo p ec tin  c o m p o n e n ts  c a n  b e  c o m p le te ly  
d e g r a d e d  b y  th e  c o m b in e d  actio n  o f p -a m y la s e  an d  p u llu la n a se , in d ica ted  that 
th e  b r a n c h e d  p o in ts  resu lt from  a - 1 ,6  lin k a g e s . W ith p -a m y la s e  a lo n e , th e  
a m y lo s e  s a m p le s  a re  a b o u t 8 2  % h yd ro lyzed , an d  th e  a m y lo p e c tin  s a m p le s  
a r e  5 9  % h y d ro ly zed  (N e lso n , 1 9 9 5 ) . T h e  p ro p ertie s  o f  a m y lo s e  a n d  
a m y lo p e c tin  a r e  su m m a r iz e d  in T a b le  1 .2 .
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Figure1.2 S tru ctu res o f a m y lo s e  an d  a m y lo p ectin
(a) A m y lo se , sh o w in g  th e  m o d e  o f lin k a g e  o f th e  ch a in
(b) A m y lo p ectin , sh o w in g  th e  b ran ch in g  point
(c) T h e  co n fo rm a tio n  o f th e  ch a in  in a m y lo s e
(d) T h e  b ra n ch ed  stru ctu re  o f th e  a m y lo p ec tin  a n d  g ly c o g e n  ty p e  

of m o le c u le  (J o h n , 1 9 9 2  an d  D ey , 1 9 9 7 ).
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Table1.2 Properties of the amylose and amylopectin components of starch
(Shannon and Garwood, 1983, Rickard, 1991 and Nelson, 1995).

Property Amylose Am ylopectin

G en era l stru ctu re E sse n tia l linear B ra n ch ed

C olor with iod in e Dark b lue P u rp le

/V m a x  o f io d in e  c o m p le x 6 4 4  nm 5 4 4  - 5 5 6  nm

Iodine affinity 2 0 .1  % 1 .0 5 -1 .2 5  %

A v e r a g e  ch a in  len gth  
( g lu c o s e  r e s id u e )

1 0 0 -1 0 ,0 0 0 2 0 -3 0

D e g r e e  o f p o lym eriza tion  
( g lu c o s e  r e s id u e )

1 0 0 -1 0 ,0 0 0 1 0 ,0 0 0 - 1 0 0 ,0 0 0

Solub ility  in w a ter V ariab le S o lu b le

Stability  in a q u e o u s  so lu tio n R e tr o g r a d e s S ta b le

C o n v e r s io n  to  m a lto s e  by  
cry sta llin e  p -a m y la se

82 % 59 %
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T h e  a m o u n t o f a m y lo s e  an d  a m y lo p ec tin  o f a  n u m b er  o f  s ta r c h e s  is 
sh o w n  in T a b le  1 .3 . S ta r c h e s  from  d ifferent s o u r c e s ,  su c h  a s  w rinkle p e a ,  
corn  a n d  w a x y  m a ize , con ta in  w id e ly  d ifferent a m o u n ts  o f  a m y lo s e .  M ost  
n a tiv e  s ta r c h e s  con ta in  2 0 - 3 0  % by w e ig h t o f  a m y lo s e  a n d  7 0 - 8 0  % o f  
a m y lo p e c tin  (S a le h u z z a m a n , 1 9 9 2 ) .

Table1.3 P ercen t o f a m y lo s e  a n d  a m y lo p ec tin  in r e se r v e  p lant starch  
(Y ou n g , 1 9 8 4 ).

Starch Amylose

(% )

Am ylopectin

(%)
R ice 1 8 .5 8 1 .5

W axy 0 1 0 0
W h ea t 2 8 7 2
B arley 2 2 7 8

W axy 0 1 0 0
O at 2 7 7 3
C orn (Zea mays) 2 8 7 2

W axy 0 .8 9 9 .2
T a p io ca 1 6 .7 8 3 .3
P o ta to 2 0 8 0
S w e e t  p o ta to 1 7 .8 8 2 .2
P e a

S m o o th 3 5 6 5
W rinkled 6 6 3 4
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1.3 B iosyn thes is o f starch

S ta rch  is  s to red  in th e  form  o f w a te r - in so lu b le  g r a n u le s  in a m y lo p la s ts  
a n d  c h lo r o p la s ts . T h e  sta rch  b io s y n th e s is  is very  c o m p le x  p r o c e s s .  T h ere  is  
m o r e  to  sta rch  s y n th e s is  th an  th e  p o lym eriza tion  o f g lu c o s e  un its. T h e  ratio o f  
tw o  p o ly m er ic  c o m p o n e n ts , a m y lo s e  a n d  a m y lo p ec tin  is  fixed  in e a c h  r e se r v e  
sta r c h  p la n ts  (P r e is s , 1 9 8 0 ) . A lth ou gh  th e r e  is  c o n s id e r a b le  in form ation  on  th e  
sta r c h  sy n th e s iz in g  e n z y m e s ,  very  little is  k n ow n  a b o u t th e  initiation or 
e lo n g a t io n  o f their a m y lo s e  a n d  a m y lo p ec tin  or a b o u t th e  w a y  in w h ich  t h e s e  
p o ly m e r s  a s s e m b le  into starch  g r a n u le s  (P o n s te in , 1 9 9 0 ) . T h e  
p h o to m icro g ra p h  o f starch  g r a n u le s  in F igu re  1 .3  s h o w s  th e  d ifferen t stru ctu re  
o f e a c h  r e s e r v e  starch  p la n ts (Fitt, 1 9 8 4 ) .

H o w ev er , th e  p a th w a y  o f sta rch  s y n th e s is  h a s  b e e n  p r o p o se d . It is  
g e n e r a lly  h eld  that starch  is  s y n th e s iz e d  from  s u c r o s e .  T h e  c y to s o lic  s u c r o s e  
is  c o n v e r te d  to  h e x o s e  p h o sp h a te  a n d  A D P -g lu c o s e , w h ich  a r e  th en  
tra n sp o rted  to  th e  a m y lo p la s ts  v ia  h e x o s e  p h o s p h a te  tra n sp o rters  an d  A D P -  
g lu c o s e  tran sp orters, r e sp e c t iv e ly  (F igu re  1 .4 ). A nd at le a s t  th r e e  k inds o f  
e n z y m e s  a re  in vo lved  in th e  b io s y n th e s is  o f  starch;

1. A D P -g lu c o s e  p y r o p h o sp h o r y la se  (A G P a s e )
(ATP: G 1 P -a d e n y ltr a n s fe r a se , EC  2 .7 .7 .2 7 )

2 . S tarch  s y n th a s e  ( ร ร )
(A D P -g lu c o se : a - 1 ,4 - g lu c a n - 4 - g lu c o s y l t r a n s f e r a s e ,  E C  2 .4 .1 .2 1 )

2 .1 S o lu b le  sta rch  s y n t h a s e  ( S S S )
2 .2  G ra n u le  b ou n d  sta rch  s y n t h a s e  (G B S S )

3. S tarch  bran ch in g  e n z y m e  (S B E )
(a-1,4-glucan: a-1,4-glucan-6-glucosyltransferase, EC 2.4.1.18)
(Munyikwa, 1997).
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It is g en era lly  a c c e p te d  that th e  e n z y m e  A D P -g lu c o s e  
p y r o p h o sp h o r y la se  (A G P a se )  is r e sp o n s ib le  in all p lant o r g a n s  for th e  
s y n t h e s is  o f  A D P -g lu c o s e  from A T P an d  g lu c o s e -1 -p h o s p h a te  (O kita, 1 9 9 2 ) .  
A D P -g lu c o s e  is th e  prim ed g lu c o s e  m o le c u le  w h ich  fu n c tio n s  a s  th e  g lu c o sy l 
d o n o r  for g lu ca n  s y n th e s is  by s ta r c h  s y n th a s e  (S S )  a n d  s ta r c h  b ran ch in g  
e n z y m e  (S B E ) (P o n ste in , 1 9 9 0 ). T h e  e n z y m e  A G P a s e  c o n s is t s  o f  la rg e  a n d  
sm a ll su b u n its , w hich  sh o w  c o n s id e r a b le  sim ilarities but c a n  b e  d is t in g u ish e d  
by fe a tu r e s  o f  their prim ary a m in o  a c id  s e q u e n c e s .  T h e  s e q u e n c e s  o f th e  
sm a ll su b u n its  a re  h ighly  c o n s e r v e d  b e tw e e n  s p e c ie s ,  w h e r e a s  t h o s e  o f th e  
la rg e  su b u n its  a re  m ore  d iv erg en t (S m ith -W h ite , 1 9 9 2 ).

T h e  sta rch  s y n th a s e  (S S ) , m ain ly  g ra n u le  b ou n d  sta rch  s y n t h a s e  
(G B S S ) , c a ta ly z e  th e  c o n v e r s io n  o f A D P -g lu c o s e  into a m y lo s e  th rou gh  a - 1 ,4 -  
lin k a g e  o f a  A D P  g lu c o s e  to  a  p re-ex itin g  g lu ca n  ch a in . เท vitro  S S  a re  a b le  to  
u tilize both  a m y lo s e  a n d  a m y lo p ectin  a s  su b s tr a te s . A m y lo se  is p ro d u ced  by  
S S  w h e r e a s  a m y lo p ec tin  is p ro d u ced  by th e  co m b in e d  a ctio n  o f both S S  an d  
S B E  (V o s -S c h e p e r k e u te r , 1 9 8 9 ). T h e  s y n th e s is  o f  a m y lo s e  is not a  
p rereq u is ite  for th e  form ation  of a m y lo p ec tin , th ere fo re , th e  tw o  p a th w a y s  a re  
in d e p e n d e n t  (Kram, 1 9 9 3 ).

A m y lo p ectin  is th o u g h t to b e  form ed  m ain ly  from  th e  a c tio n  o f s ta r c h  
b ra n ch in g  e n z y m e  (S B E ) an d  S o lu b le  sta rch  s y n th a s e  ( S S S ) .  S B E  in tro d u ces  
b ran ch  p o in ts  in th e  a m y lo p ectin  m o le c u le s  by rem o v in g  ch a in  s e g m e n t  from  
a - 1 ,4 - g lu c a n  d on or an d  a tta ch ed  it to an  a c c e p to r  ch a in  by a - 1 ,6 - l in k a g e .  
T h e  activ ity  o f  S B E  is im portant for sta rch  quality an d  quantity . T h e  w rinkled  
s e e d  p e a  a n d  th e  a m y lo s e  e x te n d e r  a re  th e  p e a  m u tan t w h ich  lack  th e  activ ity  
o f o n e  o f th e  iso fo rm s o f S B E . C o n se q u e n tly  th e  p la n ts  a re  c h a r a c te r iz e d  by  
l e s s  b r a n c h e d  a m y lo p ectin , r ed u ced  sta rch  le v e ls ,  in c r e a s e  a m o u n t o f s u g a r s ,  
a s  w ell a s  d e e p ly  fissu red  starch  g ra in s (B h a tta ch a ry y a  e t  al, 1 9 9 0 ) .
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Figure 1.3 P h o tom icrograp h  o f sta rch  g r a n u le s  from  scanning
electron m icroscope (Fitt, 1 9 8 4 ).
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Figure 1.4 B io sy n th e tic  p a th w a y s  o f starch  (A d a p ted  from  S m ith , 1 9 9 7 ) .

A D P -g lu c o s e  tran sp orter H e x o s e -p h o s p h a te  tra n sp o rter
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1.4 Starch branching enzyme (SBE)

S ta rch  b ran ch in g  e n z y m e  a lso  ca lled  Q -e n z y m e  ( a - 1 ,4 - g lu c a n :  a - 1 , 4 -  
g lu c a n -6 -g lu c o sy ltr a n s fe r a se , EC 2 .4 .1 .1 8 )  in tro d u ces  b ran ch  p o in ts  in th e  
a m y lo p ec tin  m o le c u le s  by h yd ro lysis o f  th e  a - 1 ,4 - g l u c a n  c h a in s  a t 1 5 -2 0  
units from  th e  n o n -red u c in g  en d . It th en  c a t a ly s e s  th e  form ation  o f a n  a - 1 ,6  
c r o s s  lin k a g e  b e tw e e n  th e  red u cin g  e n d  o f th e  c le a v e d  ch a in  a n d  a n o th e r  
g lu c o s e  r e s id u e  (M unyikw a, 1 9 9 7 ).

a - 1 , 4 -g lu ca n s starch branching enzym e a - 1 ,6 -  g lu c o s y l - a - 1 ,4 -  glucans

P lan t b ran ch in g  e n z y m e  (Q -e n z y m e )  w a s  first id en tified  in p o ta to . 
เท vitro, th e  b ran ch in g  e n z y m e  c o n v e r ts  a m y lo s e  into a m y lo p ec tin -lik e  
p o ly sa c c h a r id e s , w h ich  c o r r e sp o n d s  to n a tiv e  a m y lo p ec tin  in its a v e r a g e  ch a in  
len g th , so lu b ility , io d in e  sta in in g  ability an d  its e x te n t  o f d e g r a d a tio n  by  
P -a m y la se  (D ru m m on d , 1 9 7 2 ).

S B E  w a s  ex tra c ted  from sp in a ch  le a f a n d  se p a r a te d  on  D E A E -c e llu lo se  
ch ro m a to g ra p h y , resu ltin g  in m ultiple p e a k s  o f b ran ch in g  e n z y m e  activ ity . O n e  
of th e  p e a k s  c o in c id e d  with o n e  o f th e  sta rch  s y n t h a s e  activ ity  p e a k s .  T h e  
m o lecu la r  w e ig h t  o f th e  sp in a ch  lea f S B E  is a b o u t 8 0  kD (H aw k er, 1 9 7 4 ) .

เท 1 9 7 5  B o ro v sk y  et al purified th e  S B E  from p o ta to . It w a s  a  m o n o m e r  
with a m o lecu la r  w e ig h t o f 8 5  kD. T h ey  p o stu la te d  tw o  p o s s ib le  m o d e ls  for  
ca ta ly tic  m e c h a n ism  o f th e  bran ch in g  e n z y m e . เท th e  first m o d e l th e  b ran ch in g  
e n z y m e  r e a c ts  with th e  a m y lo s e  m o le c u le  to  form a c o v a le n t  b o n d  with a  
fra g m en t from  th e  d o n o r  ch a in . T h e  b ran ch in g  e n z y m e -o l ig o s a c c h a r id e
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c o m p le x  th en  r e a c ts  w ith a n  a c c e p to r  a m y lo s e  ch a in  to  form  th e  bran ch  
lin k a g e . เท th e  s e c o n d  m o d e l, th e  tw o a m y lo s e  c h a in s  form  a  d o u b le  h e lix  
first, w h ich  fa c ilita te s  th e  b ran ch in g  e n z y m e  actio n  o f  transferring  a  portion o f  
th e  o lig o sa c c h a r id e  ch a in  from  o n e  a m y lo s e  m o le c u le  to  a n o th er . T h e y  
b e lie v e d  that th e  ch a in  len g th  req u irem en t o f 4 0  sa c c h a r id e  u n its for th e  
a ctio n  o f  b ran ch in g  e n z y m e  c o u ld  b e  ex p la in ed  by th e  n e e d  for a  d o u b le  h e lix  
form ation  (B o ro v sk y , 1 9 7 5  a n d  1 9 7 6 ).

เท 1 9 7 8  B o y er  a n d  P r e is s  purified th e  Q -e n z y m e  from  d e v e lo p in g  
m a iz e  (Z e a  m ays ) k e r n e ls  that s e p a r a te d  with tw o  m ajor fo rm s a fter  D E A E - 
c e l lu lo s e  ch ro m a to g ra p h y , BE-I e lu te d  with th e  co lu m n  w a s h  a n d  w a s  
u n a s s o c ia te d  with sta rch  s y n t h a s e  activity. BE-II w a s  b o u n d  to  D E A E - 
c e llu lo s e  a n d  w a s h  c o -e lu te d  with both  prim ed an d  unp rim ed  sta rch  s y n t h a s e  
a ctiv it ie s . Both e n z y m e s  w e r e  prim arily m o n o m er ic  w ith a  n a tiv e  m o le c u la r  
w e ig h t a t 7 0 -9 0  kD. BE-II w a s  s e p a r a te d  into tw o fra ctio n s (ll-a  a n d  ll-b) b y  
c h ro m a to g ra p h y  on  4 -a m in o b u ty l-s e p h a r o s e . T h e  fra c tio n s d iffered  o n ly  in th e  
b ran ch in g  o f a m y lo p ec tin , fraction  ll-b  b e in g  m o re  a c t iv e  than  ll-a .

เท 1 9 8 4  B o y er  an d  F ish e r  purified sta rch  s y n t h a s e  (S S )  a n d  b ran ch in g  
e n z y m e  (B E ) from  d e v e lo p in g  s e e d s  o f m a iz e  an d  te o s in te . T w o  fra c tio n s o f  
ร ร  a n d  th r e e  fra ctio n s o f BE w e r e  o b ta in ed  by D E A E -c e llu lo se  
ch ro m a to g ra p h y . BE-I w a s  e lu te d  b e fo r e  th e  start o f  KCI g ra d ien t, fo llo w ed  by  
BE-I lb w h ich  w a s  c o -e lu te d  with S S -I , an d  B E -lla  c o -e lu te d  w ith S S -II. T h e  
BE-I fraction  w a s  v ery  a c t iv e  in th e  b ran ch in g  o f a m y lo s e ,  w h ile  B E -lla  a n d  
BE-I lb w e r e  l e s s  a c tiv e . D uring th e  c o u r s e  o f r e a c tio n s  co n ta in in g  a m y lo s e  
a n d  BE-I, th e  a b s o r b a n c e  m a x im a  o f th e  a m y lo se - io d in e  c o m p le x  d e c r e a s e d  
from  6 6 0  nm  to  5 4 0  ททา in 1 2 0  m in u tes , T h ey  fou n d  that B E ’s  from  te o s in te  
an d  m a iz e  s h o w e d  sim ilar k in etic  a n d  ch ro m a to g ra p h ic  p ro p ertie s . เท ad d ition , 
a n tib o d ie s  p rep a red  a g a in s t  m a iz e  B E s c r o s s -r e a c te d  with th e  t e o s in te
e n z y m e .
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เท 1 9 8 5  S in g h  a n d  P r ie s s  ch a r a c te r ize d  S B E  from  m a iz e  k ern el by  
u sin g  p o lyc lon a l a n d  m o n o c lo n a l a n tib o d ie s . T h e y  fou n d  n o  d iffe r e n c e  
b e tw e e n  B E -lla  a n d  B E -llb  but a  s ig n ifica n t d iffe r e n c e  from  BE-I. T h e y  
s u g g e s t e d  th at o n ly  tw o  fo rm s o f starch  b ran ch in g  e n z y m e  m a y  b e  p r e s e n t  in 
m a iz e  k ern e ls .

เท so r g h u m , four fra ctio n s o f  bran ch in g  e n z y m e s  w e r e  s e p a r a te d  from  
D E A E -c e llu lo se  ch ro m a to g ra p h y . O n e  fraction e lu ted  in th e  buffer w a s h , th e  
o th er  th r e e  c o -e lu te d  w ith th e  starch  s y n th a s e  (B oyer , 1 9 8 5 ) .

A ctiv ities o f  S B E  from  rice (Oryza sativa  L.) e n d o sp e r m  w e r e  o b s e r v e d .  
T w o  or th r e e  p e a k s  o f e n z y m e  activity w e r e  r e so lv e d  by io n -e x c h a n g e  
ch ro m a to g ra p h y . R ic e  b ra n ch in g  e n z y m e  h ad  a n  a p p a ren t m o le c u la r  w e ig h t  o f  
4 0  kD a s  e s t im a te d  by g e l p erm ea tio n  ch ro m a to g ra p h y  (S m y th , 1 9 8 8 ) .

Purification o f th e  S B E  from  p ota to  (Solanum  tuberosum) c o n s is t s  o f  
th ree  s t e p s ,  p recip itation  o f  bulk protein  with p o ly e th y le n e g ly c o l (F ig u re  1 .5 )  
fo llo w ed  by b a tc h -w ise  a d so rp tio n , d eso rp tio n  o n  D E A E -c e llu lo se  a n d  finally  
precip itation  with a m m o n iu m  su lp h a te . T h e s e  p rep a ra tio n s c o n s is t  o f  m o n o  
an d  d im eric  form  o f  th e  sta rch  b ran ch in g  e n z y m e  with m o n o m e r ic  m o le c u la r  
w e ig h t ran g in g  from  8 6 - 1 0 3  kD. T h e  km v a lu e  o f  th e  e n z y m e  w a s  d e te r m in e d  
to  b e  0 .0 2  m g/m l a n d  Kcatw a s  in th e  ord er o f 1 0 0 0  s e c 1 u sin g  p o ta to  a m y lo s e  
a s  th e  su b s tr a te  (B len n o w , 1 9 9 1 ) .

เท d e v e lo p in g  r ice  e n d o sp e r m , sta rch  b ran ch in g  e n z y m e  (Q -e n z y m e )  
h a s  b e e n  purified by io n -e x c h a n g e  ch ro m a to g ra p h y . T w o  iso fo r m s, QE-I a n d  
QE-II h a v e  m o lecu la r  w e ig h t  o f a b o u t 8 0  a n d  8 5  kD, r e sp e c t iv e ly . T h e  
iso fo rm s a r e  d istin ct p ro te in s  e n c o d e d  by d ifferent g e n e s  b e c a u s e  a n t ib o d ie s  
a g a in s t  QE-I s h o w e d  n o  im m u n o lo g ica l c r o ss -r e a c tio n  with th e  QE-II protein  
an d  an ti-Q E -ll s e r u m  did n ot rea c t with th e  QE-I protein  (N a k a m u ra , 1 9 9 2 ) .
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เท r ice  e n d o sp e r m , after  e le c tr o p h o r e s is  on  a n a tiv e  p o ly a cry la m id e  g e l  
a n d  fo llo w ed  by activity sta in in g , th e  QE-II fraction  w a s  fou n d  to  b e  c o m p o s e d  
o f tw o  iso fo r m s, Q E -lia  a n d  Q E -llb . And Q E -lla  w a s  d e te c te d  o n ly  in th e  
ex tra c t o f  e n d o sp e r m , w h e r e a s  Q E -llb  w a s  p r e se n t  in e x tr a c ts  o f  all t i s s u e s  
e x a m in e d  (Y a m a n o u ch i, 1 9 9 2 ) .

A  cD N A  co d in g  for c a s s a v a  (Manihot esculenta  C ran tz) b ran ch in g  
e n z y m e  w a s  c lo n e d  from a  A ,gt11 cD N A  library u sin g  a  p o ta to  cD N A  p rob e. 
S o u th ern  a n a ly s is  s u g g e s t e d  th at th e r e  is  a  s in g le  g e n e  for th is  particular  
b ran ch in g  e n z y m e  in th e  c a s s a v a  g e n o m e  a n d  N orthern hybrid ization  s h o w e d  
that th e  g e n s  is  h ighly e x p r e s s e d  in tu b ers . T h e  transcript is  d e te c ta b le  in th e  
s te m  a n d  p e tio le , but not in th e  le a v e s .  T h e  e x p r e s s io n  le v e ls  a t d ifferent 
s t a g e s  o f  tu b er  grow th a re  sim ilar  w ith e x c e p t io n  o f  very  y o u n g  tu b ers  in 
w h ich  it is  relatively  low . A nd th e r e  is  a  d iffe r e n c e  in th e  lev e l o f  b ran ch in g  
e n z y m e  e x p r e s s io n  b e tw e e n  c a s s a v a  g e n o t y p e s  (S a le h u z z a m a n , 1 9 9 2 ) .

T h r e e  form s o f S B E  in m a iz e  e n d o sp e r m  h a v e  b e e n  id en tified  an d  
c h a r a c te r ize d  in term  o f their lev e l o f  b ran ch in g  activ ity  on  a m y lo s e  an d  
a m y lo p ec tin  an d  by im m u n o lo g ica l p ro p ertie s . A nd th e  s e c o n d  form  o f  S B E  
h a s  c lo n e d , w h ich  th e  d e d u c e d  m o lecu la r  m a s s  o f th e  m a tu re  protein  is  
8 4 ,7 7 2  อ  th at larger than  s i z e  e s t im a te s  o f  8 0 ,0 0 0  D b a s e d  u p on  S D S -P A G E  
a n a ly s is  (F ish er , 1 9 9 3 ).

BE iso fo rm s from  m a iz e  (Z e a  mays) e n d o sp e r m  p ro p er tie s  w e r e  
c h a r a c te r iz e d  by th ree  d istin ct a s s a y s ,  p h o sp h o r y la se  a stim u la tion  a s s a y ,  BE  
lin k a g e  a s s a y ,  an d  iod in e  sta in  a s s a y .  T h is  s tu d y  p r e s e n ts  th e  first e v id e n c e  
that th e  BE iso fo rm s differ in their a ctio n  o n  a m y lo p ec tin . BE-I s h o w e d  th e  
h ig h e s t  activ ity  in bran ch in g  a m y lo s e ,  but its rate o f  b ran ch in g  a m y lo p ec tin  
w a s  l e s s  th an  5%  of that o f  b ran ch in g  a m y lo s e .  C o n v e r se ly , B E -ll iso fo rm s  
h ad  lo w er  rate in b ran ch in g  a m y lo s e  an d  h ad  h ig h er  r a te s  o f  b ran ch in g  
a m y lo p e c tin  th an  BE-I. (G u an , 1 9 9 3 )
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Figure 1.5 P recip itation  c u r v e s  o f  p ro te in s  in p o ta to  ju ice  

with p o ly e th y ie n e g ly c o l (B len n o w , 1 9 9 1 ).

— Protein; s ta r c h  b ran ch in g  e n z y m e ;
S tarch  s y n th a s e ;  —O— a - a m y la s e .

เท co n v en tio n a l a s s a y s  b a s e d  o n  stim u la tion  o f  unp rim ed  
p h o sp h o r y la se  activity, th e  sp e c if ic  a c tiv itie s  o f m a iz e  w e r e  B E -llb  > B E -lla  > 
BE-I. H o w ev er  from  th e  a s s a y  m eth o d  with r e d u c e d  a m y lo s e  a s  th e  su b s tr a te  
w h ich  is b a s e d  on  d e term in a tio n  o f red u cin g  p o w er  o f th e  c h a in s  tran sferred  
by BE after th e y  a re  r e le a s e d  from  th e  b ra n ch ed  p ro d u cts  w ith is o a m y la s e ,  
th e  s p e c if ic  activity fou n d  to  b e  th e  h ig h e s t  for BE-I a n d  th e  lo w e s t  for B E -llb . 
T h e  optim um  pH o f th e  th r e e  e n z y m e s  is 7.5, th e  optim um  te m p e r a tu r e s  o f  
BE-I, B E -lla  an d  B E -llb  a r e  3 3 , 25, a n d  15-20 °c r e sp e c t iv e ly . BE-I h a s  a  
lo w er  km (2 pM of th e  n o n red u c in g  term inal) for th e  r e d u c e d  a m y lo s e  o f  
a v e r a g e  ch a in -len g th  (cl) 405 th an  B E -lla  (10 pM ) a n d  B E -llb  (11 pM ), a n d  
BE-I preferen tia lly  tra n sfer s  lo n g e r  c h a in s  than  B E -lla  a n d  lib (T a k ed a , 1 9 9 3 ) .
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The two isoforms of starch branching enzym e (SBEI and SBEII) have 
been isolated from pea embryos. The amylopectin products of the enzym es  
from th ese  two families are qualitatively different. P ea SBEI and SBEII are 
differentially expressed  during embryo developm ent. SBEI is relatively highly 
exp ressed  in young embryos whilst maximum expression of SBEII occurs in 
older em bryos (Burton, 1995).

เท 1996 Larsson et al extracted proteins from tuber starch of potato and 
separated by SD S gel electrophoresis. For the specific protein bands were 
digested to produced peptides and then separated on reversed phase  
chromatography and finally sequencing. The data show ed that three isoforms 
of starch synthase and two isoforms of branching enzym e w ere present in the 
starch of potato tuber.

Maize branching enzym e (BE) w as significantly inactivated by 
phenylglyoxal (PGO) in triethanolamine buffer pH 8.5. The inactivation 
followed a time- and concentration-dependent manner and show ed pseudo  
first-order kinetics. The loss of BE activity results from a s few a s  one arginine 
residue modified by PGO. And BE inactivation w as positively correlated with 
[14 C] PGO incorporation into BE protein and w as considerably protected by 
am ylose and/or amylopectin. The modified arginine residue may be involved 
in substrate binding or located near the substrate-binding sites of m aize  
branching enzym es I and II (Cao, 1996).

เท maize, mutations affecting the filling of the grain are easily  
recognized by the altered appearance of the grain. The particular destination 
of the mutant variety indicates it phenotypic appearance, for exam ple brittle 

and dull. The mutant variety waxy acquired its nam e from the shiny 
appearance of the cut surface of the endosperm . It looked a s  though it 
contained wax, although of course the appearance w as due not to wax but to 
an altered composition of the starch. The high am ylose varieties, which set



18

out to increase the proportion of the linear polymer, like other natural straight- 
chain polymers such as cellulose, could form films and fibers with potential 
industrial applications. Usually the endosperm  of the mutant varieties is 
smaller than normal and contains less  starch. Shrunken-1 has a lower 
proportion of amylose, and amylose extender, a greater proportion of am ylose  
than normal. Waxy has no am ylose at all. เท amylose extender the mutation 
affects the level of one of the isoforms of the branching enzym e. The other 
forms of the branching enzym e and the starch synthase are unaffected. This 
is consistent with the observed low percentage of amylopectin and the high 
average chain length of the amylopectin that is present. เท many of the mutant 
endosperm s enzym es deficiencies that lead to the particular altered condition 
have been identified (Figure 1.6) (John, 1992).

Chy weight ( r e la t ive  to  normal  )

NORMAL

WAXY

SHRUNKEN-1

AMYLOSE- 
EXTENDER

- 0-5 1

v // / / / / / / / .
'/ / / / / / / / / / / s

ENZYME
DEFICIENCY

None

Granule-bound 
starch synthase I

Sucrose synthase

Branching enzyme Ub

\Zt
(A

StaTch synthase II (and branching enzyme II a)

ADP-glucose.  pyrophcsphoTylase 

A D P -g lucose  pyrophosphoTylase

1 I Endosperm 
V/A Starch 
แ  Amylose

Figure 1.6 Relative s izes , starch and am ylose com positions of the 
mature endosperm s of various genotypes of m aize (John, 1992).
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1.5 A im  o f thes is

Although cassava  has entered the modern market econom y, being 
used a s  food, feed products and other industrial products, its market price has 
been very low. It is, therefore, essential to add value to the crops by 
improving the quality of its major product i.e. cassav a  starch. The quality of 
starch is the result of interaction between starch synthase and starch 
branching enzym e, since the characteristics of the starch, in term of texture, 
viscosity, stability are all strongly influenced by the relative proportion and 
molecular s ize  of am ylose and amylopectin fractions. It is, therefore, of our 
interest to understand the characteristics of th ese  enzym es in cassav a  in 
order to be able to apply the knowledge to improve the quality of cassav a .

This thesis is, therefore, aiming at purification of starch branching 
enzym e from cassav a  tuber and characterize som e of its properties.
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