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Inhibition of Aggregat ion  of Heat-Denatured 
Taka-Amylase  A by Substrate 

This  ar t ic le  deals  w i t h  the  aggrega t ion  of T a k a - a m y l a s e  
A (TAA) on  h e a t  i n a c t i v a t i o n  a n d  d e n a t u r a t i o n ,  in  t he  
absence  a n d  presence  of subs t ra t e ,  s t a rch .  TAA, if sub-  
s t r a t e  is p resen t ,  is h i g h l y  p r o t e c t e d  f r o m  h e a t  i n a c t i v a -  
t i on  t. This  p r o t e c t i v e  effect  of s t a r ch  is shown  in F igure  1. 
Curve  1 a n d  l a  show a c t i v i t y - i n c u b a t i o n  t e m p e r a t u r e  
r e l a t ions  ( incuba ted  for 10 min)  in  t h e  absence  a n d  
presence  of s t a rch ,  respect ive ly .  The  presence  of s u b s t r a t e  
gives rise to  r e m a r k a b l e  res i s t ance  aga i n s t  h e a t  i n a c t i v a -  
t ion  a n d  shi f t s  t he  a c t i v i t y - i n c u b a t i o n  t e m p e r a t u r e  cu rve  
t owards  h i g h e r  t e m p e r a t u r e s .  This  effect  of s u b s t r a t e  is 
m a i n l y  a t t r i b u t e d  to p r o t e c t i o n  of t he  s econda ry  s t r u c t u r e  
of e n z y m e  p ro te ins  f rom h e a t  i n a c t i v a t i o n  b y  t he  fo rma-  
t i o n  of e n z y m e - s u b s t r a t e  a n d  -p roduc t  complexes  w h i c h  
are  t h o u g h t  to  con juga t e  closely w i t h  t he  e n z y m a t i c  
ac t iv i ty .  

The  d e s t r u c t i o n  of e n z y m e  s t r u c t u r e  caused b y  h e a t  
t r e a t m e n t  leads to  i n a c t i v a t i o n  and  d e n a t u r a t i o n ,  a n d  
m a k e s  i t  possible  for  d e n a t u r e d  e n z y m e  molecules  to  com- 
b ine  to aggregates .  Fo r  th i s  reason,  t he  amylase  so lu t ion  
becomes  t u r b i d  b y  t he  occurrence  of h e a t  d e n a t u r a t i o n  of 
e n z y m e  molecules.  The  t u r b i d i t y  is a m eas u r e  of aggrega-  
t i on  of d e n a t u r e d  e n z y m e  molecules.  

The  t u r b i d i t y  m e a s u r e d  b y  t h e  op t i ca l  dens i t y  a t  500 
n m  runs  para l le l  to  t he  i n a c t i v a t i o n  as s h o w n  in F igure  1, 
cu rve  2 and  2a. Moreover ,  t he  t u r b i d i t y  is also i n h i b i t e d  
b y  t h e  p resence  of subs t ra t e .  T he  f o r m a t i o n  of enzyme-  
s u b s t r a t e  and  -p roduc t  complexes  p r e v e n t s  t he  f o r m a t i o n  
of t h e  aggrega t ion  of e n z y m e  molecules.  

T h e  d e p e n d e n c e  of t u r b i d i t y  of amylase  solut ion,  h e a t -  
t r e a t e d  for  10 ra in  a t  60 ~ in  t h e  absence  and  presence  of 
subs t r a t e ,  on  p H  is shown  in F igure  2. I n  a lka l ine  re- 
gions, t he  t u r b i d i t y  is n e a r l y  zero b u t  increases  w i t h  de-  
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Fig. 1. Effect of incubation temperature on turbidity and activity. 
Curve 1 and la, the activity of heat-treated TAA in the absence and 
presence of starch, respectively; concentrations of TAA and starch, 
0.036 and 6 mg/ml, respectively. Curve 2 and 2a, the turbidity 
measured by the optical density at 500 nm in the absence and 
presence of starch, respectively; concentrations of TAA and starch, 
0.089 and 7.5 mg]ml, respectively. The heat-treatment was made for 
10 min at pH 5.6 and the activity was measured at pH 5.6 (acetate 

buffer). 

c reas ing  p H  in  acid regions.  I t  is of i n t e r e s t  to  no te  t h a t  
curve  2, t he  di f ference b e t w e e n  curve  1 a n d  la ,  ha s  a p e a k  
a t  t he  p H  of t h e  o p t i m u m  a c t i v i t y  (pH 5.6). 

I n  conclusion,  the  resu l t s  o b t a i n e d  above  are  con-  
s idered to show t h a t  the  e n z y m e  p ro t e in  in  i ts  o p t i m u m  
a c t i v i t y  is m o s t  effect ively  s tab i l ized  b y  t he  f o r m a t i o n  of 
e n z y m e - s u b s t r a t e  or -p roduc t  complex  a n d  mos t  h i g h l y  
p r o t e c t e d  f rom h e a t  i n a c t i v a t i o n  and  d e n a t u r a t i o n ,  a n d  
also aggrega t ion .  

N a t i v e  T A A  c a n  fo rm a t  0 ~ a n  inso luble  a n d  s t ab le  
complex  w i t h  s t a r c h  w i t h i n  t he  l imi ted  range  of en- 
z y m e / s u b s t r a t e  rat io,  as in  t he  case of p a n c r e a t i c  ~- 
amylase  a n d  m a c r o - d e x t r i n  ~. But ,  u n d e r  the  p r e s e n t  
e x p e r i m e n t a l  condi t ions ,  t he  a m y l a s e / s t a r c h  ra t io  is too  
smal l  to  fo rm t h e  insoluble  complex  in t he  n a t i v e  s t a t e  
and  on ly  soluble  e n z y m e - s u b s t r a t e  complex  is formed.  
Therefore ,  t h e  inso luble  complex  does n o t  t ake  p a r t  in  
t he  p r e sen t  expe r imen t .  

T A A  was o b t a i n e d  f rom 'Taka -d i a s t a se  Sankyo '  b y  
AKABORI'S m e t h o d a  and  the  a c t i v i t y  was m e a s u r e d  b y  
t he  b lue  va lue  m e t h o d  4 a t  40 ~ a t  p H  5.6 (ace ta te  buffer) .  
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Fig. 2. Effect of pH on turbitity. Curve 1 and la, the turbidity 
measured by the optical density at 500 nm in the absence and 
presence of starch, respectively; curve 2, difference between curve 
1 and la;  concentrations of TAA and starch, 0.089 and 7.5 mg/ml, 
respectively. The heat-treatment was made for 10 rain at 60 ~ TAA 
solutions were prepared in 0.02 M acetate, veronal or glycine buffers 
containing potassium chloride added to the final ionic strength of 0.1. 

Zusammen/assung. Das S u b s t r a t  besch i i t z t  s t a r k  die 
T a k a - A m y l a s e  A n i ch t  i lur  gegen W~Lrme-Inakt iv ie rung  
und  - D e n a t u r i e r u n g ,  sonde rn  auch  gegen W/ i rme-Aggre-  
ga t ion .  Diese S c h u t z w i r k u n g  resu l t i e r t  aus  der  S tab i l i -  
s ie rung  der  P r o t e i n - S t r u k t u r  d u r c h  B i l d u n g  der  E n z y m -  
S u b s t r a t -  u n d  - P r o d u k t - K o m p l e x e .  
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