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A b s tr a c t

The c h e m ic a l  c o n s t i t u t i o n  and s t r u c t u r e  o f  am ylases  

and t h e  k i n e t i c s  o f  r e a c t i o n s  c a t a l y z e d  by am y la ses  are  

r e v ie w e d .

The k i n e t i c s  o f  h y d r o ly s e s  o f  m a l t o t e t r a o s e  and

m a l t o t e t r a i t o l  c a t a l y z e d  by th e  a -a m y la se  from A s p e r g j l lu s

Oryzae (T aka-am ylase  A) were m easured under c o n t r o l l e d

c o n d i t i o n s .  At low c o n c e n t r a t io n s  (2 x 10  ̂ M)

m a l t o t e t r a o s e  ’i s  s p l i t  in t o  two m a lto s e  m o le c u le s  and

m a l t o t e t r a i t o l  i n t o  m a lto s e  and m a l t i t o l ,  b u t a t  h ig h e r

c o n c e n t r a t io n s  (20 x  1 0 “3 m) m a l t o t e t r a o s e  form s m a lto -

t r i o s e  a lo n g  w ith  m a lto s e  and a v e r y  l i t t l e  g lu c o s e  i s

a l s o  form ed, w h i le  m a l t o t e t r a i t o l  i s  s p l i t  in t o  m a lt o s e ,

m a l t i t o l  and m a l t o t r i t o l .  These were th ough t to  a r i s e

from  t r a n s g l y c o s y l a t i o n  r e a c t i o n s .  B ecause o f  t h e s e

t r a n g l y c o s y l a t i o n  r e a c t i o n s  i t  was n o t p o s s i b l e  t o  measure

th e  M ic h a e l i s  p aram eters  k . and K f o r  t h e  h y d r o ly s e s ,. c a t  m
b u t th e  s e c o n d -o r d e r  c o n s ta n t s  kc a ^/Km were m easured a t  

low  c o n c e n t r a t io n s  o f  m a l t o t e t r a o s e  a t  s e v e r a l  pHs w h i le  

f o r  m a l t o t e t r a i t o l  o n ly  a t  optimum pH. The r a t e s  fo r  

m a lt o t e t r a o s e  were about t e n  t im e s  g r e a t e r  than m a lto ­

t e t r a i t o l  m easured under th e  same c o n d i t io n s  a t  optimum 

pH.



A ttem pts to  s tu d y  th e  a c t i v e  c e n t r e  o f  a -a m y la se  from  

A. o ry za e  hy p e r t u r b a t io n  d i f f e r e n c e  s p e c tr o s c o p y  were made 

b u t no s p e c i f i c  i n t e r a c t i o n  o f  m a lto s e  w i th  th e  enzyme 

c o u ld  be o b se r v e d .
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1* I n t r o d u c t io n

A. What a re  A m ylases?

I t  i s  t r u e  t o  s t a t e  t h a t  am ylases  a re  among th e  

e a r l i e s t  known enzym es. At t h e  b e g in n in g  o f  th e  l 8 th  

c e n tu r y  f a c t o r s  r e s p o n s i b l e  f o r  s ta r c h  d i g e s t i o n  were  

r e p o r te d  in  wheat e x t r a c t s ^ ,  s a l i v a ^ ,  m alt^ and 

A s p e r g i l l u s  ory za e^ .

Marker^ i n  1877 f i r s t  s u g g e s te d  t h a t  th e r e  m ight be

two t y p e s  o f  d i a s t i c  f e r m e n ts ,  one p ro d u c in g  more d e x t r i n

and l e s s  m a lto s e  and th e  o th e r  p ro d u c in g  much m a lto s e  and

a l i t t l e  d e x t r i n .  Nowadays t h e s e  enzymes are w e l l

d i s t i n g u i s h e d  from each o th e r  and known as a -  and p -

am y la ses  or  Endo- and Exo- am ylases  r e s p e c t i v e l y .
5Kuhn d i s c o v e r e d  th a t  h y d r o l y t i c  p rod u ct o f  s ta r c h  

by p a n c r e a t ic  am ylase  m u ta r o ta te s  downwards and h a s  th e  

a -  c o n f ig u r a t i o n .  He named i t  a s  a -a m y la se  [ a ,  1-»L|. -  

g lu c a n  g lu c a n o h y d r o la se  EC 3 * 2 . 1 . 1 ] :  a -A m ylases  a t ta c k

•in  a random manner on l i n e a r  s u b s t r a t e s  and a re  c a l l e d  

E n d oam ylases .
7

In  1930 O h ls s o n 1 d i s c o v e r e d  an o th er  am ylase ,  th e  

h y d r o l y t i c  product o f  w h ich  was o n ly  m a lto s e  h a v in g  th e  

{3- c o n f ig u r a t i o n .  He named t h i s  enzyme as p -a m y la se  

[ a ,  I-I4. -  g lu c a n  m a lto h y d r o la se  EC 3 * 2 . 1 . 2 ] :  p -A m ylases

are  exoam ylases  as th e y  h y d r o ly z e  th e  s u b s t r a t e  by 

a t ta c k in g  th e  a l t e r n a t e  l in k a g e s  from th e  n o n -r ed u c in g
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o u te r  c h a in  e n d s .  Both a -  and P- am ylases  c a t a l y z e

th e  h y d r o l y s i s  o f  a 91 -» I4. -  g l u c o s i d i c  l in k a g e s  o f

p o ly s a c c h a r id e s  such  as s t a r c h ,  g ly c o g e n  or t h e i r

d e g r a d a t io n  p r o d u c ts ,  b u t  th e  h y d r o l y t i c  p r o d u c ts  a re

d i f f e r e n t  due t o  d i f f e r e n c e  i n  t h e i r  mode o f  a c t i o n .

The i n t e r e s t  i n  t h e  r e a c t i o n  mechanism i s  n o t  new.

The g r a d u a l ly  i n c r e a s in g  i n d u s t r i a l  u t i l i s a t i o n  o f

a m y lo ly t i c  enzymes r e q u ir e s  more thorough  knowledge  
rt

about t h e i r J a c t i o n  mechanism and t h e i r  c a t a l y t i c  

p r o p e r t i e s .  T h e r e fo r e  th e  c a t a l y t i c  p r o p e r t i e s  o f  

am ylases  h ave  b een  s t u d i e d  n o t  o n ly  f o r  t h e i r  academic  

i n t e r e s t  b u t  a l s o  fo r  t h e i r  a p p l i c a t i o n  t o  in d u s t r y .

At p r e s e n t  t im e s e v e r a l  mechanisms f o r  am ylase a c t i o n  

h ave  b een  p ro p o se d , but no s a t i s f a c t o r y  q u a n t i t a t i v e  

a cco u n t o f  carb oh yd rase  c a t a l y s i s  i s  a t  hand. Some 

r e a so n s  f o r  t h i s  are  t h a t  amino a c id  seq u e n c es  and 

s t r u c t u r e s  are  unknown and t h e r e  i s  no knowledge y e t  o f  

th e  s t r u c t u r e  o f  any a c t i v e  c e n t r e .

In  th e  f o l l o w i n g  s e c t i o n s  t h e  p h y s i c a l  p r o p e r t i e s ,  

ch em ica l  s t r u c t u r e  and g e n e r a l  p r o p e r t i e s  o f .a m y la s e s  

which have b een  i s o l a t e d  from d i f f e r e n t  s o u r c e s  w i l l  be 

r ev iew ed  e x t e n s i v e l y .

B . O ccurrence

Amylases can be i s o l a t e d  from s e v e r a l  s o u r c e s .  

a-A m ylases  are  p r e s e n t  in  l i v i n g  organ ism s such as an im als
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and p l a n t s .  C u ltu r e  m edia o f  b a c t e r i a  and moulds are  

r i c h  s o u r c e s  o f  a m y la se s ,  w h i le  p -a m y la se s  appear to  be 

fou nd  o n ly  i n  p l a n t s .

P la n t  and an im al a -a m y la se s  are  i s o l a t e d  from th e  

f o l l o w i n g  s o u r c e s :  h og  p a n crea s^ , human p a n crea s^ , r a t

pancreas-*-^, m a lted  so r g h u m ^ , soya  b ea n -^ , broad bean^-3,

m a lte d  b a r l e y ^ ,  s a l i v a - ^  m a lted  w heat*^, p ig e o n
17 i ftp a n crea s  , and sh o r e  c r a b 1 0 , w h i le  b a c t e r i a l  and mould

a -a m y la s e s  h a v e  b een  i s o l a t e d  in  th e  c r y s t a l l i n e  form
iq  20from  v a r io u s  s o u r c e s  such  a s :  A s p e r g i l l u s  ory za e  ,

B a c i l l u s  s u b t i l i s ^ -*-*̂ 2, A s p e r g i l lu s  c a n d i d u s ^ ,

B a c i l l u s  c o a g u l a n s ^ , A s p e r g i l l u s  n ig e r ^ ^, B a c i l l u s  

m erceran s^ 0 , B a c i l l u s  Polymyxa^? .
 ̂Q

P-A m ylases can  be i s o l a t e d  from  sw eet p o t a to  , 

m a lted  b a r l e y ^ ,  w h e a t ^ ,  b a r l e y ^ ,  and so y a  b e a n s ^ .

I I  P h y s ic a l  P r o p e r t i e s ,  Chemical C om p osit ion  and 

S t r u c t u r a l  C h a ra cter i s  t i c s o f  Am ylases

A. M o lecu la r  W eight o f  Amylases

The m o le c u la r  w e ig h ts  o f  most o f  th e  am y la ses  are  

i n  th e  ra n g e  o f  14-5 , 0 0 0  t o  6 0 ,0 0 0  as shown in  th e  t a b le  1 .



T able  I

M o lecu la r  W eights o f  A m ylases^

Source o f  
a-am ylas  e

M o lecu la r
W eight

Source o f  
p-am ylase

M o lecu lar
Weight

Hog p a n crea s l4-5,OOOa
Germ inated

sorghum 5 5 , 9 0 0 s  j

Human s a l i v a 6 9 , 0'0 0 a Soya beans 6 l , 7 0 0 a

5 5 , o o o a Sw eet p o ta to i 9 7 , o o o d 1
( te tra m er)

Soya beans and 
broad b ean s l4-5,OOOb

Sw eet p o ta to  

Wheat

14.7 , 5 0 0 °
(monomer) 

6I4., 2 0 0 a

A s p e r g i l l u s
o ryzae 5 i , o o o d 

5 2 , 6 0 0  - 2 6 0 0 d

B a c i l l u s
s u b t i l i s 14.8 . 9 0 0

(monomer)

9 6 . 9 0 0
(dim er)

‘

(a) C a lc u la te d  from v e l o c i t y  s e d im e n ta t io n
(b) D e te r m in a t io n  by g e l  p erm eation
(c) D eterm ined  in  8M gu an id in iu m  ch lo r id e -  by

s e d im e n ta t io n  e q u i l ib r iu m
(d) C a lc u la te d  from s e d im e n ta t io n  e q u i l ib r iu m
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The m o le c u la r  w e ig h t  o f  T aka-am ylase  A, k i n e t i c  

p r o p e r t i e s  o f  which were s tu d ie d  i n  our p r e s e n t  work, 

was d eterm in ed  by Lee and M cKelvey^- by s e d im e n ta t io n  

e q u i l ib r iu m  m ethod. The s e d im e n t a t io n  e q u i l ib r iu m  run  

was perform ed a t  a r o t o r  sp e ed  o f  31I4.IO rpm i n  K e l-F -  

d o u b le  s e c t o r  w ith  q u artz  window and w i th  R a y le ig h  

in t e r f e r e n c e  o p t i c a l  sy s tem  a t  1 9 . 2 ° .  The p l o t  o f  

logarithm  o f  c o n c e n t r a t io n  a g a in s t  th e  square o f  th e  

d i s t a n c e  from t h e  c e n t r e  o f  r o t a t i o n  i s  l i n e a r .  The 

m o le c u la r  w e ig h t  d e term in ed  by t h i s  method, u s in g  v a lu e  

o f  v =  O'.7 i s  5 2 ,6 0 0 -2 6 0 0 .

Am ylases g e n e r a l l y  h ave  a s e d im e n ta t io n  c o e f f i c i e n t  

eq u a l to  1{.«5S a p p ro x im a te ly  but B. S u b t i l l s  i s  an e x c e p t io n  

in  h a v in g  a s e d im e n ta t io n  c o n s ta n t  eq u a l to  6 s ,  w hich  

would corresp o n d  to a m o le c u la r  w e ig h t  o f  th e  o rd er  o f  

1 0 0 ,0 0 0 .  F i s c h e r  and S t e i n  o b s e r v e d ^  t h a t  th e  se d im e n t ­

a t i o n  p a t t e r n  changes w ith  th e  a d d i t i o n  o f  z in c  or EDTA.

They fou n d  t h a t  when a m eta l b in d in g  a g e n t  such  as  EDTA 

was added to  th e  enzyme an oth er  form o f  i t  i s  produced  

h a v in g  s e d im e n ta t io n  c o n s ta n t  eq u a l t o  lj.s a p p r o x im a te ly .  

V i s c o s i t y  measurements showed t h a t  th e  change in  se d im e n t­

a t io n  v e l o c i t y  was due to  d e p o ly m e r is a t io n  o f  th e  m o le c u le ,  

co m p le te  r e c o n v e r s io n  of which t o  th e  o r i g i n a l  n a t iv e  form  

can be a c h ie v e d  by t h e  d i a l y s i s  o f  th e  form er a g a in s t  a 

z in c  c o n t a in in g  b u f f e r .  I t  was b e l i e v e d  t h a t  th e  two 

form e x i s t s  as monomer and dimer.
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B . Amino A cid  C om p osit ion

The amino a c id  c o m p o s it io n  o f  a m y la ses  from  

d i f f e r e n t  s o u r c e s  a re  g iv e n  in  t a b le  I l33, i t  can be 

seen  th a t  th e r e  are  no s t r i k i n g  s i m i l a r i t i e s  betw een  

t h e s e  amino a c id  c o m p o s it io n s  a lth o u g h  a l l  am ylases  

c a t a l y s e  th e  h y d r o l y s i s  o f  a , 1 -* Ip -  g l u c o s i d i c  l in k a g e s  

i n  p o ly s a c c h a r id e s .  B a c i l l u s  S u b t i l i s  l i q u e f y i n g  

a -a m y la s e  d i f f e r s  from m ost o f  t h e  am ylases  by th e  f a c t  

t h a t  i t  n e i t h e r  c o n t a in s  c y s t e i n e  nor c y s t i n e  r e s i d u e s ,  

but B a c i l l u s  S u b t i l i s  s a c c h a r i f y i n g  a -a m y la se  was found  

to  c o n t a in  c y s t i n e  r e s i d u e s .  A s p e r g i l l u s  o ry za e  a -a m y la se  

(T aka-am ylase  A) i s  poor in  b a s i c  amino a c id  c o m p o s it io n  

w hich m ight c o n t r ib u t e  to  i t s  a c i d i c  c h a r a c t e r .  a -A m ylases  

appear to  be r i c h  in  t y r o s in e  and tryp to p h a n  which a c c o u n ts  

f o r  t h e i r  h ig h  e x t i n c t i o n  c o e f f i c i e n t  a t  200 nm. T h e ir  

d i f f e r e n t  t y r o s i n e  to  tryp top h an  r a t i o  p r o v id e s  them w ith  

d i s t i n c t i v e  a b s o r p t io n  s p e c t r a .

End group a n a l y s i s  h as  been  c a r r i e d  ou t by o n ly  a 

few  g ro u p s .  D e te r m in a t io n  o f  end groups w ith  d i n i t r o -  

f lu o r o b e i iz e n e  by S a n g e r ’ s method showed th a t  Taka-am ylase A 

h as  s i n g l e  a la n y l  r e s id u e  a t  th e  amino te r m in a l  o f  th e  

m o le c u le 3 ^ # S im i la r  r e s u l t s  were o b ta in e d  by T su g ita 3 7  

and N a r ita  and Akabori3^ in d e p e n d e n t ly .  They d eterm in ed  

th e  amino a c id  seq uence  o f  an oc-DNP* s u b s t i t u t e d  p e p t id e  

i s o l a t e d  from  t h e  p a r t i a l  a c id  h y d r o lv z a te  o f  th e  DNP-

DNP: d in i t r o p h e n y l )
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am ylase as f o l l o w s :

a l a n y l - g l y c y l - a s p a r t y l - g l u t a m y l - s e r y l - a l a n y l - l e u c y l -

th r e o n in e

H y d r a z i n o l y s i s ^  0f  th e  am ylase from  A s p e r g i l l u s  oryzae  

showed t h a t  s e r i n e ,  a la n in e  and g l y c i n e  are  th e  C -term in a l  

o f  th e  enzyme, h u t t h i s  was n ot proved  upon r e i n v e s t i g a t i o n  

hy t h e  same w ork er  u s in g  c a r h o x y p e p t id a se  A and m o d if ie d  

h y d r a z i n o l y s i s  m e t h o d s ^ .  They in c u b a te d  th e  enzyme 

w ith  c a r h o x y p e p t id a se  and th e  D N P -d e r iv a t iv e s  o f  the  

r e l e a s e d  amino a c id s  were e s t im a te d  hy an amino a c id  

a n a l y s e r .  Seven m oles  o f  amino a c id s  were o b se rv ed  hut  

s e r i n e  was th e  predom inant one th ro u g h o u t  th e  d i g e s t i o n .  

A f t e r  2ij- h ou rs  o f  in c u b a t io n  no d e c r e a s e  o f  am ylase  

a c t i v i t y  was o b se r v e d ,  i n d i c a t i n g  t h a t  th e  C -term in a l  

amino a c id  i s  n o t  e s s e n t i a l  f o r  th e  a c t i v i t y  o f  the  

a m y la se .  They a l s o  con firm ed  hy th e  h y d r a z i n o l y s i s  

t e c h n iq u e  t h a t  the C -te r m in a l a c id  of th e  am ylase was 

s e r i n e .  The d i f f e r e n c e  was compared w ith  th e  p r e v io u s  

h y d r a z i n o l y s i s  method and was e x p la in e d  hy th e  p o s s i b l e  

h y d r o l y s i s  o f  th e  amino a c id  h y d r a z id e s  to  th e  co r r e sp o n d ­

in g  f r e e  amino acids-. I t  i s  c l e a r  from the above  

o b s e r v a t io n s  t h a t  Taka-am ylase A h a s  a s i n g l e  p e p t id e  

c h a in  w ith  an a la n y l  r e s id u e  a t  i t s  N -term in a l and s e r y l  

r e s id u e  a t  i t s  C -te r m in a l .



9
S u g a e ^  d eterm in ed  th e  N -term in a l  of B a c i l l u s  

s u b t i l i s  a -a m y la se  hy th e  d in i t r o f lu o r o b e n z e n e  method, as  

v a l i n e .  He a l s o  d e term in ed  th e  amino a c id  seq uence  o f  

an a-D N P -peptide  i s o l a t e d  from th e  p ronase  d i g e s t i o n  o f  

DNP-am ylase, w h ich  was p rop osed  to  be  

V a l-A sp [o r  AsplKH^) -G ly -G lu [o r  GrluCNH )̂ ] - S e r -  

The C -term in a l r e s id u e  o f  B. s u b t i l i s  ^-amylase was 

d eterm in ed  by t h e  h y d r a z i n o l y s i s  method b u t more c o n c lu ­

s i v e  r e s u l t s  were o b ta in e d  by ^ H -la b e l  t e c h n i q u e ^ .

L y s in e  was i d e n t i f i e d  as t h e  main r a d i o a c t iv e  amino a c id  

in  th e  2)4. h ours h y d r o ly s a t e  o f  ”3 h - l a b e l l e d ” B. s u b t i l i s  

a-a m y la se  by paper chrom atography.

I t  i s  i n t e r e s t i n g  t h a t  th e  amino a c id  c o m p o s it io n s  

o f  t h e  N -term in a l p en ta  p e p t id e s  o f  B. s u b t i l i s  a -am ylase  

and a -a m y la se  from  A s p e r g i l lu s  ory za e  resem b le  one 

a n o th e r ,  e x c e p t  fo r  th e  f o l l o w i n g  two p o in t s :

( i )  th e  N -te im in a l  amino a c id  o f  B. s u b t i l i s  a -am ylase  

i s  v a l i n e  w h i l e  t h a t  o f  Taka-am ylase A i s  a la n in e .

( i i )  th e  amino a c id  seq uence  ( -A sp -G ly - )  n e x t  to. N- 

term inus in  B. s u b t i l i s  i s  r e v e r s e  o f  t h a t  ( -G ly -A sp -)  

in  Taka-am ylase A.

C. F u n c t io n a l  Groups

R e a c t io n s  o f  enzymes w ith  s e l e c t i v e  r e a g e n ts  i s  o f  

c o u r se  in te n d e d  to  s p e c i f y  the r o l e  o f  s id e  ch a in  r e s id u e s
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in  enzym ic a c t i o n .

C a ld w e ll  and Co-workers u se d  n i t r o u s  a c i d ,  k e te n e  

and a c e t i c  an h yd rid e  f o r  d e t e r m in in g ’t h e  r o l e  o f  f r e e  

amino groups and came to  th e  c o n c lu s io n  t h a t  t h e s e  groups  

a re  not e s s e n t i a l  f o r  th e  c a t a l y t i c  a c t i v i t y  o f  p a n c r e a t i c -  

and T ak a-am ylase . P h en ylm ercu rie  c h l o r i d e ^ ,  i o d o a c e t -  

amide and p -m e r c u r ib e n z o a te  d id  not i n a c t i v a t e  th e  

p a n c r e a t ic  am ylase  s u g g e s t in g  t h a t  th e  su lp h y d r y l  group  

was n o t  e s s e n t i a l  f o r  th e  c a t a l y t i c  a c t i v i t y  o f  th e  

enzyme.
[if.

A lk y la t io n  o f  th e  su lp h y d r y l  group in  p -a m y la se ^  

from  sw eet p o t a t o  ca u sed  th e  p a r t i a l  i n a c t i v a t i o n  o f  the  

enzyme. A c t i v i t y  l o s s  appears to  be in f lu e n c e d  by th e  

s i z e  o f  th e  a l k y l a t i n g  a g e n t .  Sm all but s i g n i f i c a n t  

changes are  a t t r i b u t e d  t o  minor c o n fo r m a t io n a l  changes  

on m o d i f i c a t io n .  I t  was s p e c u la t e d  th a t  t h i o l  group i s  

n o t  e s s e n t i a l  f o r  c a t a l y t i c  a c t i v i t y  but p la y s  a 

r e g u la t o r y  r o l e .

Toda e t  a l ^  d eterm in ed  t h a t  Taka-am ylase A l o s t  

i t s  a c t i v i t y  upon in c u b a t io n  w ith  io d o a ceta m id e  or  

i o d o a c e t a t e  a t  pH 8 a t  ^ 0°  p r e se n c e  o f  EDTA. S u lph­

y d r y l  groups were a l k y l a t e d .  I t  was a l s o  d eterm in ed  

t h a t  about U j t  a c t i v i t y  o f  s -c a r b o x y m e th y l Taka-am ylase A 

c o u ld  be r e c o v e r e d ,  b u t n ot w ith  s -carboxyam idom ethyl  

Taka-am ylase A, by the  a d d i t io n  o f  c a lc iu m . I t  was 

assumed th a t  th e  c a r b o x y la te  group in  s -c a r b o x y m e th y la te d
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Taka-am ylase  A c o u ld  r e p la c e  th e  su lp h y d r y l  groups as a

c h e l a t i n g  s i t e  fo r  c a lc iu m . They s u g g e s te d  t h a t  a lth o u g h

a s u lp h y d r y l  group seems n o t  t o  he in v o lv e d  in  the  a c t i v e

s i t e  of  th e  am y la se ,  i t s  m o d i f i c a t io n  cau sed  a l t e r a t i o n

o f  the a c t i v i t y .  T h e r e fo r e  th e  s u lp h y d r y l  group w i l l

s t a b i l i s e  t h e  a c t i v e  co n fo rm a tio n  o f  th e  am ylase m o le c u le

by c h e l a t i n g  w ith  c a lc iu m .
!l7Ikenaka^' found o u t  t h a t  Taka-am ylase A l o s t  i t s  

a c t i v i t y  when 2 m oles o f  t y r o s in e  and 5 m oles o f  l y s i n e  

r e s id u e s  were d in i t r o p h e n y la t e d ,  w h i le  o n ly  a c t i v i t y  

was l o s t  when 11 ou t  o f  22  l y s i n e  r e s id u e s  were d i n i t r o ­

p h e n y la te d  w ith  2 , i | . -d in i t r o b e n z e n e - l - s u lp h o .n a t e . I t  

was thought t h a t  some s p e c i f i c  p h e n o l ic  group o f  t y r o s in e  

r e s id u e s  may be c l o s e l y  r e l a t e d  to  th e  enzymic a c t i v i t y  

and a l s o  e-amino groups o f  l y s i n e  may n o t  be e s s e n t i a l  fo r  

am ylase  a c t i v i t y .  These r e s u l t s  are  in  agreem ent w ith  

th o s e  o f  Tamaoki u t a l ^ .  They fou nd  out th a t  Taka- 

am ylase A l o s t  o f  i t s  a c t i v i t y  when in c u b a te d  w ith

2 -m ethoxy~5 - n i t r o t r o p a n e  and some a c t i v a t i o n  o f  in a l to s id -  

a se  a c t i v i t y .  In  t h i s  c a s e  11 out o f  22 l y s i n e  r e s id u e s  

r e a c te d  w ith  t h e  r e a g e n t .  Prom t h e s e  r e s u l t s  th ey  

co n c lu d ed  t h a t  e-am ino groups o f  th e  l y s i n e  r e s id u e s  in  

Taka-am ylase A may n o t  be e s s e n t i a l  f o r  am ylase a c t i v i t y ,  

and the d e c r e a s e  o f  th e  am ylase a c t i v i t y  o f  n i t r o t r o p a n y l -  

Taka-am ylase A may be due t o  s t e r i c  h in d ra n ce  by n i t r o -  

tr o p a n y l  r e s id u e  combined w ith  the  amino group o f  a l y s i n e
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r e s id u e  s i t u a t e d  c l o s e  to t h e  a c t i v e  s i t e .

The e f f e c t  o f  p o l y a l a n y l a t i o n  on Taka-am ylase A 

h a s  b een  s t u d ie d  by a group o f  workers^-9. Poly-D L-  

a la n y l  Taka-am ylase A was prep ared  by th e  r e a c t i o n  of  

N -ca rb o x y -D L -a la n in e  anhydride w ith  T aka-am ylase A and 

p u r i f i e d  by chrom atography on D E A E -c e l lu lo se .  Three  

sam ples c o n t a in in g  2 5 , anc  ̂ r e s id u e s  o f  a la n in e  per  

m ole o f  Taka-am ylase A were p rep ared  and i n  a l l  th r e e  

c a s e s  i t  was found t h a t  7 ” 8 among the  25  amino groups  

i n  th e  enzyme had se r v e d  as i n i t i a t o r s  f o r  p o ly ­

a l a n y l a t i o n .  U s in g  am ylose as t h e  s u b s t r a t e  th e  

enzymic a c t i v i t y  o f  the t h r e e  p o ly a la n y la t e d  enzymes 

was compared. The a c t i v i t y  d e c r e a s e d  w i th  th e  in c r e a s e  

o f  a v era g e  le n g th  o f  p o ly a la n y la t e d  s id e  ch a in  b u t the  

a c t i v i t y  towards p h en yl a - m a l t o s id e  (low  m o le c u la r  

w e ig h t  s u b s t r a t e )  rem ains u n a f f e c t e d .  They s u g g e s te d  

t h a t  th e r e  i s  a s t e r i c  h in d ra n ce  f o r  the  i n t e r a c t i o n  o f  

s u b s t r a t e  o f  h ig h  m o le c u la r  w e ig h t  such as am ylose , but 

th e  a c t i v e  s i t e  o f  th e  am ylase rem ains un im paired  on 

p o l y a l a n y l a t i o n .

There h a s -b e e n  much s p e c u la t i o n  on the  n a tu r e  o f  th e  

c a t a l y t i c  groups of am ylases  due t o  v a r i a t i o n  o f  th e  

k i n e t i c  param eters w ith  pH. The pK ’ s o f  c h lo r id e  f r e e  

p a n c r e a t ic  am ylase are  Ij. , 8  and 6 . 0  -  6 .I4. and th e  c h lo r id e  

a c t i v a t e d  enzyme are  5*6  -  5*9  a^d 8 . 8  -  

S im i la r  r e s u l t s  were o b ta in e d  w ith  P -am ylase  from sw eet
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p o t a t o  h a v in g  s o f  5*75 and 7*0-^» ^h-e p o s s i b i l i t y

t h a t  th e  more b a s i c  pK&’ s were a s s o c i a t e d  w ith  th e  

i o n i z a t i o n  o f  a p h e n o l i c  group o f  t y r o s i n e  was ex c lu d ed  

by show ing th e  a b se n c e  o f  i o n i z a t i o n  o f  such a group  

s p e c t r o p h o t o m e t r i c a l ly  and i n t e r v e n t i o n  o f  ph osp h ate  was 

e x c lu d e d  by i t s  a b s e n c e .  I t  was a l s o  shown th a t  

s u lp h y d r y l  and c-amino groups are n o t  e s s e n t i a l  f o r  the  

c a t a l y t i c  a c t i v i t y .  T h ere fo re  c a r b o x y la t e  and im id a -  

zo liu m  groups are i d e n t i f i e d  as c a t a l y t i c  groups in  

agreem ent w ith  th e  e a r l i e r  p r o p o sa l  o f  Ono and h i s  Co-  

w o r k e r s ^  f o r  b a c t e r i a l  a m y lo l iq u e f a c ie n s  a ~ am ylase .

Z h e r e b t s o v e ^ ^ l -  in t e r p r e t e d  th e  pK d ata  on much 

f ir m e r  grounds by m easuring  th e  h e a t s  o f  i o n i z a t i o n  o f  

i o n i z i n g  s id e  c h a in .  For p-am ylase from b a r le y  th e  pK  ̂

and pKa v a lu e s  were eq u a l to  5* -̂ an(3- 8 .1  r e s p e c t i v e l y  

i n  .06  M p h osp h ate  c i t r a t e  b u f f e r  a t  JO0 . The la r g e r  

v a lu e s  o f  pK-̂  gave a b a s i s  f o r  b e l i e v i n g  t h a t  e i t h e r  

th e  im id a z o le  group i s  s i t u a t e d  n e x t  to  a n o th e r  io n o g e n ic  

group w hich  i n t e n s i f i e s  i t s  b a s i c i t y  or some o th e r  group  

f u n c t i o n s  in s t e a d  o f  the  im id a z o le .  P h o to o x id a t io n  

w ith  m eth y len e  b lu e  ca u sed  i n a c t i v a t i o n  o f  th e  enzyme 

c o n f ir m in g  t h e  p r e s e n c e  o f  im id a z o le  in  th e  c a t a l y t i c  

s i t e  o f  |3-am ylase. H eats  o f  i o n i z a t i o n  o f  a c i d i c  and 

b a s i c  groups were fou n d  to  be +2565 and +6970  c a l /m o le  

r e s p e c t i v e l y .  These h e a t s  o f  i o n i z a t i o n  are c h a r a c t e r ­

i s t i c ^  o f  c a r b o x y l i c  and im id a z o le  s id e  c h a in s .  From
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th e  k i n e t i c  d a ta  and p h o to o x id a t io n  ex p er im en ts  the  

c a t a l y t i c  groups f o r  p o r c in e  p a n c r e a t ic  a -am ylase  are  

a l s o  th o u g h t  to  he im id a z o le  and ca r b o x y l

I t  h a s  a l s o  been s u g g e s te d  t h a t  c a r b o x y la te  and im id azo liu m  

a r e  c a ta ly t ic  groups of soya  bean*^ and broad b e a n ^  

a - a m y la s e s .

D. Carbohydrate Components

The g ly c o p r o t e in  n a tu r e  o f  Taka-am ylase (EC 3 * 2 .1 .1 )  

had b een  shown by a p o s i t i v e  M olish  R e a c t i o n ^ .  The 

ca rb o h y d ra te  components were found to  c o n s i s t  o f  8 m oles  

o f  mannose, 1 mole o f  x y lo s e  and 2 m oles  o f  hexosamine^®, 

but the  n a tu r e  o f  hexosam ine was n o t  con firm ed  a t  th a t  

t im e .  T s u g ita  and A k a b o r i ^  had i s o l a t e d  a g ly c o p e p t id e  

from t h e  enzymic d i g e s t  o f  Taka-am ylase A and su g g e s te d  

t h a t  th e  carb oh yd rate  m o ie ty  was l in k e d  to  th e  enzyme 

through a h y d r o x y l  group o f  s e r in e  b u t th ey  were u n ab le  

to  i s o l a t e  hexosam ine in  th e  p e p t id e .

In  r e c e n t  y e a r s  in c r e a s in g  a t t e n t i o n  has been g iv e n  

to  th e  c o m p o s it io n  and s t r u c t u r e  o f  ca rb o h y d ra tes  i n  

p r o t e in s  and th e  n a tu r e  o f  t h e  p r o t e i n  carb oh yd rate  

l in k a g e s  in  s e v e r a l  g l y c o p r o t e i n s ® ^ * T h i . e carb o­

h y d r a te  p r o s t h e t i c  groups of a lm o st  a l l  th e  known 

g l y c o p r o t e in s  c o n t a in  hexosam ine and i n  some c a s e s  i t  was 

proved th a t  the  hexosam ine l in k e d  the  carb o h y d ra te  and 

p r o t e i n  p a r t s .  This in fo r m a t io n  l e d  Ikenaka°3
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r e i n v e s t i a g e  th e  n a tu r e  o f  carb oh yd rate  l in k a g e  in  

g ly c o p e p t id e  o f  T aka-am ylase A. By th e  p r o t e o l y t i c  

d i g e s t i o n  of th e  enzyme w ith  p ron ase  P, a g ly c o p e p t id e  

o f  Taka-am ylase A was p rep a red , th e  c o m p o s it io n  o f  w hich  

was found to  be a s p a r t i c  a c id ,  3 e r in e ,  N -A cety l  

g lu c o sa m in e ,  ammonia, mannose, g a l a c t o s e  and x y lo s e  i n  

th e  m o le c u la r  r a t i o  o f  1 : 1 : 2 : 1 : 6 : 0 . 8 :0 .5 *  R e s u l t s  o f  

d i n i t r o p h e n y l a t i o n ,  h y d r a z i n o l y s i s  and p e r io d a te  o x id ­

a t i o n  of th e  g ly c o p e p t id e  l e d  to  c o n c lu s io n  t h a t  the  

ca rb o h y d ra te  p r o s t h e t i c  group i s  l in k e d  a t  th e  r e d u c in g  

group o f  one o f  th e  g lu co sa m in e  m o le c u le  to  (3 -c a r b o x y lic  

group o f  a s p a r t i c  a c id  v i a  an amide l in k a g e  a s:

Ser-A sp  NH-Carbohydrate.

P e r io d a te  o x id a t io n  and h y d r a z i n o l y s i s  o f  the  g ly c o p e p t id e  

showed t h a t  a m in o -term in a l s e r i n e  p o s s e s s e d  a f r e e  

h y d r o x y l  and t h a t  th e  (3-carboxyl group o f  a s p a r t i c  a c i d  

was n o t  f r e e .

R e c e n t ly  th e  com p lete  seq uence  o f  th e  g ly c o p e p t id e  of

Taka-am ylase A h as  been  p u b l ish e d  by th e  same group o f

workers®^. They u se d  O -m e th y la t io n ,  p a r t i a l  a c e t o l y s i s

and p e r io d a te  t e c h n iq u e s .  By com bining th e s e  r e s u l t s
6*5and th e  p r e v io u s  r e s u l t s  J i n  which a -  and 6-m an n osid ases  

were u sed  f o r  th e  e l u c i d a t i o n  o f  anomeric c o n f ig u r a t io n  

o f  mannose and N - a c e ty l - p -g lu c o s a m in id a s e  was u se d  t o
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d eterm in e  t h e  c o n f i g u r a t i o n  o f  N - a c e t y l  g lu co sa m in e ,  t h e  

c o m p le te  sequence  o f  g l y c o p e p t i d e  o f  Taka-amylase  A i s  

d eterm in ed  as  shown b e lo w .

Man 
1

1 3 6
Man Man Ser 1 Asp

1 2  1 3 i  1*. P i  b P
Man - ■ Man Man Glc NAc 1    Glc NAc  -  NH

E. S t r u c t u r e  o f  Amylases

Amylases  have r e c e i v e d  a very  l i t t l e  a t t e n t i o n  as  

compared to  o t h e r  enzymes,  a s  th e  amino a c i d  sequence  o f  

a s i n g l e  amylase  has  not  y e t  b een  d e term in ed ,  c o n t r a d i c t o  

r e s u l t s  f o r  c o v a l e n t  in t e r m e d i a t e s  have been re co rd ed  and 

l i t t l e  i n fo r m a t io n  o f  the  a c t i v e  c e n t r e  i s  a v a i l a b l e .

The i n v e s t i g a t i o n  of  th e  number o f  b in d in g  s i t e s  per  

m o le c u le  o f  sweet  p o t a t o  (3-amylase by Thoma and S p a d l in 4^  

showed t h a t  th e r e  were f o u r  b in d in g  s i t e s  per  m o le c u la r  

v/e ight  o f  197*000 .  They o b served  t h a t  the  m o le c u la r
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Weight dropped to  , ^ 0 0  i n  8M guanid in ium  c h l o r i d e  

s u g g e s t i n g  t h a t  sw eet  p o t a t o  (3-amylase i s  t e t r a m e r i c .

Prom e q u i l i b r i u m  d i a l y s i s  a g a i n s t  c y c lo h e x a a m y lo se  a 

c o m p e t i t i v e  i n h i b i t o r ,  th e  number o f  m oles  o f  i n h i b i t o r  

bound p er  a c t i v e  s i t e  o f  t h e  enzyme came out to  be 0 . 9 3 * 

S in c e  one mole o f  i n h i b i t o r  i s  e f f e c t i v e  in  b l o c k i n g  one 

c a t a l y t i c  s i t e ,  i t  appears  l i k e l y  t h a t  t h e r e  i s  one
dal  t o n s

c a t a l y t i c  s i t e  p er  5 0 , 0 0 0 ,Jof p-amylase  or fo u r  

independent  b i n d i n g  s i t e s  p e r  1 9 7 , 0 0 0  m o le c u la r  

w e i g h t .  These r e s u l t s  are  i n  agreement w i t h  th e  r e s u l t s
z /

o f  Thoma and Koshland who showed th a t  t h e r e  i s  one 

b i n d i n g  s i t e  per  5 0 , 0 0 0  o f  P-am ylase .

Schrumm and L o y t e r ^7 d e term ined  the  number o f  b in d in g  

s i t e s  o f  Hog p a n c r e a t i c  cc-amylase by e q u i l i b r i u m  d i a l y s i s  

a t  pH 10 and showed t h a t  1 mole o f  enzyme s p e c i f i c a l l y  

bound 2 moles  o f  m a l t o t r i o s e .  The number o f  b in d in g  

s i t e s  appeared to  be two.  A b i l i t y  o f  the  enzyme to  form  

m u lt i m o l e c u l a r  complexes  w i th  l i m i t  d e x t r i n  a cco u n ts  f o r  

two independent  b in d in g  s i t e s .  Robyt and French^® s t u d i e d  

the  a c t i o n  p a t t e r n  o f  P o r c in e  p a n c r e a t i c  a -a m y la se  in  

r e l a t i o n s h i p  to  th e  s u b s t r a t e  b in d in g  s i t e  o f  the  enzyme.  

U sin g  l a b e l l e d  m alt 'odextr in  ( s p e c i f i c a l l y  l a b e l l e d  i n  the  

r ed u c in g  g l u c o s e  u n i t  w i th  Ĉ 4-) th e  i n i t i a l  r a t e s  o f  

f o r m a t io n  o f  the  l a b e l l e d  p roducts  were determ ined  f o r  

each s u b s t r a t e .  The data  are  c o n s i s t e n t  with  a f i v e -  

g l u c o s e  b in d in g  s i t e ,  i n  which the c a t a l y t i c  groups are
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l o c a t e d  a t  bond 2 .

Taka-amylase  A i s  one o f  the  a m y la ses  whose s t r u c t u r e  

h a s  b een  s t u d i e d  most e x t e n s i v e l y  c h e m i c a l l y  and p h y s i o -  

c h e m i c a l l y .  I t  h a s  b ee n  known f o r  a l o n g  t im e  t h a t  most  

a - a m y la s e s  from d i f f e r e n t  s o u r c e s  c o n t a i n  a t  l e a s t  one 

atom o f  c a lc iu m  which i s  f i r m l y  bound and r e q u ir e d  f o r  

t h e i r  a c t i v i t i e s ^ .  Toda e_t al_ showed t h a t  the  e s s e n t i a l  

c a lc iu m  i n  Taka-amylase A [EC 3 . 2 . 1 . 1 . ]  c o u ld  be removed 

r e v e r s i b l y  by in c u b a t i n g  t h e  enzyme w i th  EDTA a t  pH 8 and 

50°C,  w h i l e  th e  masked s u lp h y d r y l  group became a v a i l a b l e  

to  s u l p h y d r y l  r e a g e n t  under t h e s e  c o n d i t i o n s .  M o d i f i c a t i o n  

o f  the  r e s u l t a n t  s u lp h y d r y l  group ca u sed  a l t e r a t i o n  i n  the  

s t a t e  o f  th e  a c t i v e  s i t e  and a f f i n i t y  f o r  c a lc iu m  atom.  

Probably  t h e  su lp h y d r y l  group of  th e  s o l e  c y s t e i n e  r e s i d u e  

i s  one of  the  c a l c i u m - b i n d i n g  s i t e s  i n  Taka-amylase A.

The s u lp h y d r y l  group does  not seem to  be i n  th e  a c t i v e  s i t e  

o f  the  am ylase ,  but  p l a y s  a key r o l e  i n  m a in t a i n i n g  the  

a c t i v e  con form at ion  by c h e l a t i n g  w ith  th e  e s s e n t i a l  c a lc iu m  

atom. As Taka-amylase has  a r e l a t i v e l y  h ig h  m o le c u la r  

w e i g h t ,  i t  i s  r a t h e r  d i f f i c u l t  to  de term ine  i t s  primary and 

t e r t i a r y  s t r u c t u r e s ;  t h a t  i s  why l i t t l e  in fo r m a t io n  o f  the  

a c t i v e  s i t e  has  been  o b t a in e d .  R e c e n t l y  Ono and h i s  Co- 

w o r k e r s ^ a s t u d i e d  the i n f l u e n c e  o f  m o le c u la r  s t r u c t u r e  o f  

l i n e a r  m a l t o d e x t r i n  on Taka-amylase A c a t a l y z e d  h y d r o l y s i s .  

As th e  tu rn o v er  number VmaX//(E) i n c r e a s e d  w ith  c h a in  l e n g t h



up t o  n = 7 and. became p r a c t i c a l l y  c o n s t a n t  f o r  n more 

than 7 , th e y  s u g g e s t e d  t h a t  the  s p e c i f i c i t y  r e g i o n  o f
7CbTaka-amylase  A spans about  7 g l u c o s e  u n i t s .  These workers  

a l s o  s t u d i e d  th e  i n h i b i t i o n  by a n a lo g u e s  f o r  t h e  h y d r o l y s i s  

of  s y n t h e t i c  s u b s t r a t e .  They c o n c lu d e d  from t h e i r  r e s u l t s  

t h a t  e q u a t o r i a l  o r i e n t a t i o n  o f  OH groups i s  f a v o r a b l e  f o r  

b i n d i n g  and t h a t  t h e  C^OH group a t  i n  a s s o c i a t i o n  w i t h  

th e  OH group a t  or  t h e  m e th y l  group a t  p l a y s  some 

c r u c i a l  r o l e s  i n  t h e  s p e c i f i c i t y  o f  t h i s  enzyme towards  

s u b s t r a t e  a n a lo g u e s .  S tud y in g  t h e  p a r t i a l  b i n d i n g  a f f i n i t i e s  

o f  g l y c o s i d e s ,  t h e y  s u g g e s t e d  t h a t  t h e r e  i s  a r e g i o n  w i t h  

hydrophobic  c h a r a c t e r  n e a r  th e  b i n d i n g  s i t e ,  which i s  

a c c e p t a b l e  f o r  a g ly c o n e  i n  a - c o n fo r m a t io n .

I l l  The C a t a l y t i c  A c t io n  o f  Amylases  

A* S p e c i f i c i t y

. The s p e c i f i c i t y  o f  am ylases  i s  t o  c a t a l y s e  t h e  h y d ro ­

l y s i s  o f  a ,  1 ”* I4. -  g l u c o s i d i c  l i n k a g e s  i n  p o l y s a c c h a r i d e s  

or t h e i r  d e g r a d a t io n  p r o d u c t s .  a -A m y la s e s  a c t  on p o l y ­

s a c c h a r i d e s  in  a random manner w h i l e  (3-amylases a c t  from  

th e  n o n -r ed u c in g  end of  th e  c h a in  to  break  e v ery  a l t e r n a t e  

g l u c o s i d e  l i n k a g e s . '

Taka-amylase A from a s p e r g i l l u s  oryzae  shows q u i t e  

h ig h  s p e c i f i c i t y  i n  r e l a t i o n  to  g ly c o n  re q u ir e m e n ts .
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/

P i g .  1

Phenyl  a - m a l t o s i d e  ( f i g  1) i s  u se d  as  a s u b s t r a t e  f o r  

Taka-amylase  A?**- and i t  i s  a l s o  known t h a t  t h i s  s u b s t r a t e  

l i b r a t e s  phenol  by the  a c t i o n  of  th e  enzyme. M od if ied  

phenyl  a - m a l t o s id e  has  been  u sed  by a number o f  workers  

f o r  s t u d y in g  th e  g ly co n  s p e c i f i c i t y  o f  the  Taka-amylase A. 

P a r t i a l l y  O -m ethy la ted  amylose'7^ and 0 -m eth y l  d e r i v a t i v e s  

o f  pheny l  a -m a l t o s id e ? 3  were h y d r o ly z e d  by Taka-amylase A 

and i t  was found t h a t  2 ’ - 0  m ethyl  m a l t o s id e  was n o t  

h y d r o ly z e d  by - Taka-amylase A., whereas If-’ -O, 6 ’ -  0 ,  and 

[|J , 6 * -  d i - 0 -m eth y l  m a l t o s i d e s  ( s e c  f i g  1 f o r  numbering)  

were h y d r o ly z e d  to  produce the  c o r r e s p o n d in g  m a l to s e



d e r i v a t i v e s .  But i n  a l l  t h e s e  c a s e s  t h e • i d e n t i f i e d

p r o d u c ts  were u n s u b s t i t u t e d  a t  th e  r e d u c in g  end o f  th e

s u b s t r a t e s .  However g l y c o s i d e s  in  which e i t h e r  th e  C-2

or  C- 6  h y d r o x y l  was m e th y la te d  were n o t  a t t a c k e d  by the
7 k

Taka-amylase  A. These r e s u l t s  co n f ir m  Ik e n a k a ’ 3

work which showed th a t  m onoacety l  m a l t o s i d e  i n  which

th e  h y d r o x y l  group a t  C- 6  was a c e t y l a t e d ,  was found n ot
75t o  be h y d r o ly z e d  by Taka-amylase  A. Weil  and B r a t t  '  

a l s o  r e p o r t e d  t h a t  t h e  h y d r o x y l  on C- 6  r e p l a c e d  by 

methoxy group as  i n  6 - 0 -m ethy l  amylose was r e s i s t a n t  

t o  h y d r o l y s i s  by s e v e r a l  m a y la s e s .  Isemure and Co- 

w ork ers^0 s t u d i e d  the  h y d r o l y s i s  o f  a number o f  m o d i f i e d  

p h en y l  a - m a l t o s i d e s . S u b s t i t u t i o n  o f  6 1-  h y d ro x y l  

group w i th  h a l o g e n  lo w ers  the  r a t e  o f  h y d r o l y s i s  w h i l e  

w ith  methoxy group enhances  th e  r a t e .  I t  means th e  

e x i s t e n c e  o f  an e l e c t r o n e g a t i v e  atom such as  oxygen or  

h a l o g e n  a t  6 ' -  p o s i t i o n  p la y e d  an important  r o l e .  On the  

o t h e r  hand rep lacem ent  o f  -OH group on C- 6  by e l e c t r o ­

n e g a t i v e  group made th e  s u b s t r a t e  immune to  enzymatic  

r e a c t i o n .  S u b s t i t u t i o n  o f  hrdrogen  a t  C-6 ’ h y d ro x y l  

d e c r e a s e d  the  r a t e  o f  h y d r o l y s i s .  The Taka-amylase  A 

c a t a l y s e d  h y d r o l y s i s  o f  6 - d e o x y - 6 - f l u o r o - a - m a l t o s i d e  was 

s lo w e r  than t h a t  o f  pheny l  m a l t o s i d e ,  s u g g e s t i n g  tha t  

e l e c t r o n e g a t i v i t y  i s  n e c e s s a r y  a t  p o s i t i o n  - 6  and a l s o  

p o s i t i o n  - 6  h a s  s t e r i c  req u ir em e n ts? ? .  Hydroxyl groups  

on C-2 i n  both  the  g l u c o s e  r e s i d u e s  o f  the  s u b s t r a t e  are



72 73im portant  f o r  the enzymic a c t i o n  , . Evidence  f o r

t h e  n e c e s s i t y  o f  th e  2 1- h y d r o x y l  group on th e  non­

r e d u c in g  end g l u c o s e  r e s i d u e  o f  t h e  s u b s t r a t e  was o b t a in e d  

i n  t h e  i n v e s t i g a t i o n  o f  p h en y l  2 *- O - m e t h y l - a - m a l t o s i d e
ry Q

which i s  c o m p le t e l y  immune to enzyme' . While the

importance  o f  2 -h y d r o x y l  group on th e  r ed u c in g  end has

b e en  shown by s tu d y in g  t h e  h y d r o l y s i s  o f  phenyl  2 - 0 -

m e t h y l - a - m a l t o s i d e ,  phenyl  2 - d e o x y - a - m a l t o s i d e  and phenyl

lp-0 - g l u o s y l - a-mal to  s i d e ,  a l l  of t h e s e  compounds are  not

h y d r o ly z e d  by Taka-amylase  A i n c l u d i n g  I p -O -g lu c o s y l -a -

mannoside,  which has  a x i a l  h y d r o x y l  a t  p o s i t i o n  C-2,
79s u g g e s t i n g  s t e r i c  requ irem ents  a t  p o s i t i o n  - 2 . '  A c t io n

o f  Taka-amylase  A on phenyl  a - m a l t o s i d e  i n  which the

te r m in a l  C-lp’ .was m o d i f i e d  showed t h a t  the  h yd ro x y l  group

on C—ip1 i n  phenyl  a-mal t o s i d e  was a lm ost  i n d i f f e r e n t  to

enzym atic  r e a c t i o n .  But i n v e r s i o n  o f  c o n f i g u r a t i o n  o f  th e

C -V c o n s id e r a b l y  r e t a r d s  th e  enzyme c a t a l y z e d  r e a c t i o n ^ .

Aglycon s p e c i f i c i t y  of  Taka-amylase A i s  not  r i g i d .
01

Matsubara £ t  al_ s t u d i e d  th e  e f f e c t  o f  a g ly c o n  s p e c i f i c i t y

on the  r a t e  o f  h y d r o l y s i s  o f  m a l t o s i d e s .  Taka-amylase A

c a t a l y z e s  th e  m a l t o s i d i c  c l e a v a g e  o f  v a r io u s  cx-maltosides

such as m e t h y l - ,  e t h y l - ,  p h en y l ,  and p - n i t r o p h e n y l

a - m a l t o s i d e ,  s u g g e s t i n g  t h a t  t h i s  enzyme has  a broad

a g ly c o n  s p e c i f i c i t y .  R e c e n t ly  a g ly c o n  s p e c i f i c i t y  o f

Taka-amylase  A has  been s t u d i e d  u t i l i s i n g  t r a n s f e r  
8?r e a c t i o n s  . M a l t i t o l ,  phenyl  a - D - g l u e o s i d e ,  phenyl
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{3-D-glue os id e ,  p h e n y l - 2 - 0 - m e t h y l - a - D - g l u c o s i d e  and 

6 - 0 - m e t h y l - a - D - g l u c o s i d e  were e f f e c t i v e  as a c c e p t o r s .

B* K i n e t i c s  o f  H y d r o ly t i c  R e a c t io n s

a. The E f f e c t  o f  Io n s  on Rate o f  H y d r o ly s i s

Most,  p o s s i b l y  a l l ^ a - a m y l a s e s  are  m eta l loen zym es

r e q u i r i n g  c a lc iu m  f o r  t h e i r  c a t a l y t i c  a c t i v i t y  and i t s

removal r e s u l t s  i n  b o th  r e v e r s i b l e  and i r r e v e r s i b l e

i n a c t i v a t i o n ^ .  A l l  t h e  c a lc iu m  may be removed from

th e  a -a m y la s e s  o f  B a c i l l u s  S u b t i l i s  and human s a l i v a  most

c o n v e n i e n t l y  by e l e c t r o d i a l y s i s  and the  r e s u l t i n g  c a lc iu m -

f r e e  p r o t e i n s  have  l o s t  most o f  t h e i r  a c t i v i t y .  I t  was

s u g g e s t e d  t h a t  "By form ing  a t i g h t  m e ta l  c h e l a t e  s t r u c t u r e ,

th e  m eta l  produces  in t r a m o l e c u l a r  c r o s s - l i n k s  s i m i l a r  i n

f u n c t i o n  t o  d i s u l f i d e  b r i d g e s ,  which c o n f e r  to th e  a-amylase

m o le c u le  th e  s t r u c t u r a l  r i g i d i t y  r e q u ir e d  f o r  e f f e c t i v e

c a t a l y t i c  a c t i v i t y " .  F i s c h e r  and S t e i n  n o ted  th a t
2 +i n a c t i v a t i o n  due t o  l o s s  o f  Ga c o u ld  be a s c r i b e d  to  

p r o t e o l y t i c  d e g r a d a t io n  or t o  exposure  t o  t h e  u n fa v o r a b le  

c o n d i t i o n s  used  f o r  the  r e l e a s e  o f  m eta l  r a t h e r  than  

spontaneous  u n f o l d i n g  o f  apoenzyme. Human s a l i v a  

a - a m y la s e  r e q u i r e s  one gram atom o f  c a lc iu m  f o r  i t s  f u l l  

a c t i v i t y  w h i l e  b a c t e r i a l  amylase a t  l e a s t  f o u r  gram atoms 

o f  c a lc iu m  per  m ole .  Taka-amylase A b in d s  10 gram atoms 

o f  ca lc iu m  per m ole .  Nine o f  them can be removed by  

d i a l y s i s  a g a i n s t  0 . 0 2  M sodium a c e t a t e  w i th o u t  any e f f e c t
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on t h e  enzymic a c t i v i t y ,  s u g g e s t i n g  th a t  th ey  o n ly

s t a b i l i s e  t h e  enzyme m o le c u le  a g a i n s t  d e n a t u r a t i o n .

But t h e  u n d i a l y z a b l e  one was not removed a f t e r  s i x  days

o f  d i a l y s i s  a g a i n s t  EDTA, and i t  h a s  been c la im e d  th a t

t h i s  f i r m l y  bound c a lc iu m  cannot  be  removed w ithout*

d e n a t u r a t i o n .  However Tanaka^* showed t h a t  EDTA cau sed

o n l y  i n a c t i v a t i o n  and t h e  a c t i v i t y  cou ld  be r e co v e r e d
lp6

b y  th e  a d d i t i o n  o f  c a l c iu m .  K a to e t_  a l  a l s o  con f ir m ed  

t h a t  t h i s  f i r m l y  bound c a lc iu m  c o u ld  be removed r e v e r s i b l y  

by i n c u b a t i n g  the  enzyme w ith  EDTA a t  pH 6 . 0  a t  5 0 ° .

The a c t i v i t y  l o s t  c o u ld  be r e c o v e r e d  by the a d d i t i o n  o f  

c a lc iu m .  The f i r m l y  bound c a lc iu m  atom i n  Taka-amylase  A 

can be  r e p l a c e d  by o t h e r  d i v a l e n t  c a t i o n s  such as  magnesium,  

s t r o n t iu m  and barium, w ith out  c a u s in g  a p p r e c ia b le  change
85i n  the  amylase  a c t i v i t y  . But z in c  and cadmium c o u ld

n o t  r e a c t i v a t e  Taka-amylase A i n a c t i v a t e d  w i t h  EDTA.

I t  appears  th a t  t h e s e  m e ta l s  can r e p l a c e  ca lc iu m  o n ly

when the  a c t i v e  co n fo rm a t io n  o f  the  enzyme m o le cu le  i s

p r e s e r v e d ,  and c o n s e q u e n t l y  the  b in d in g  s i t e  i s  i n t a c t .

H a l i d e s ^  i o n s  a l s o  s t r o n g l y  enhance the  c a t a l y t i c

e f f i c i e n c y  o f  mammalian a - a m y l a s e s ;  t h e i r  e f f e c t i v e n e s s

d e c r e a s e s  in  the  o r d e r  o f  C l” > Br > I . Thoma and

Wakim^ s t u d i e d  the  e f f e c t  o f  Cl” ion  on the  dH- Vmax
p r o f i l e . As Vmax f o r  Cl~ f r e e  hog p a n c r e a t i c  a -am ylase  

depends on th e  i o n i z a t i o n  o f  two groups o f  pK = I4. . 3
St

and 6 . 0  -  6 . Ip, but  in  th e  p r e s e n c e  o f  0 .2 p  M p o ta ss iu m
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c h l o r i d e  t h e s e  are  changed to  5*6  -  5*9  a^d 8 . 8  -  9 *0 *

The s e p a r a t i o n  o f  the apparent  i o n i z a t i o n  c o n s t a n t s  o f

p o r c i n e  p a n c r e a t i c  a -a m y la se  a l th o u g h  c o n t r i b u t i n g  to

enhancement o f  a c t i v i t y  can accou n t  f o r  o n ly  a sm al l
86f r a c t i o n  o f  i t .  Mayer and F i s c h e r  s u g g e s t e d  th a t  the  

optimum sodium c h l o r i d e  c o n c e n t r a t i o n  f o r  t h e  p o r c in e  

p a n c r e a t i c  a -am ylase  i s  10 mM, w ith  h i g h e r  c o n c e n t r a t i o n  

an i n h i b i t o r y  e f f e c t  i s  produced.

Heavy m eta l  io n s^ ?  have been  shown to  i n h i b i t  am ylases  

such as mercury,  copper ,  l e a d  and s i l v e r .  Mercury i s -  

more e f f e c t i v e  i n  i t s  i n h i b i t o r y  a c t i o n  than copper  or 

l e a d .  A s c o r b ic  a c i d  and ammonium molybdate  a l s o  h a v e  an 

i n h i b i t o r y  e f f e c t  on a -a m y la ses  from h i g h e r  p l a n t s . The 

mechanism o f  i n h i b i t i o n  i s  n o t  known y e t ,  b u t  g e n e r a l l y  

s u l f h y d r y l  group m o d i f i c a t i o n  i s  th o u g h t  to  be th e  cau se  

o f  i t .

b .  E f f e c t  o f  pH

C a t a l y t i c  a c t i v i t y  and enzyme s t a b i l i t y  b o th  depend 

upon th e  pH and have  been  s t u d i e d  by s e v e r a l  w orkers .

The optimum pH f o r  { 3 - a m y l a s e s ° 8  l i e s  be tw een  pH ip and 

6 and t h e y  are r e l a t i v e l y  s t a b l e  a t  pH 3*6 .

a - A m y l a s e s 3 3  from mammals and h i g h e r  p l a n t s  are  

g e n e r a l l y  s t a b l e  from pH 5*5 ^o 8 . 0 .  Animal am ylases  

e x h i b i t  maximum a c t i v i t y  around n e u t r a l  pH, b u t  i f  c h l o r i d e  

i s  removed, pH s h i f t s  downwards. Thoma and WakinP^ 

s t u d i e d  the  s t a b i l i t y  o f  a -am ylase  from p o r c in e  p a n c r e a s .
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**7They in c u b a te d  l . lp  x 10 M s o l u t i o n  o f  a -amylase

(10~^ M Cl" c o n c . )  i n  O.O3 M c a lc iu m  a c e t a t e  b u f f e r  a t

v a r i o u s  pH v a l u e s  f o r  ipO m inutes  at  2 5 ° •  Enzyme samples

were d i l u t e d  w i t h  O.O3 M phosphate  b u f f e r  a t  pH 7 an8

t e s t e d  f o r  enzyme a c t i v i t y  by s tan d ard  a s s a y .  The pH

o f  a l l  the  s o l u t i o n s  a f t e r  d i l u t i o n  was 7*0 “ 0 . 1 .  I t

was s e e n  t h a t  a -a m y la se  i s  s t a b l e  i n  the p r e s e n c e  o f  Cl~

over  most  o f  pH range ip -  1 0 .5  a s ' w e l l  as  in  th e  a b se nc e

o f  Cl" i o n .  A c t i v i t y  i s  100#  around pH 6 . 9 .
71Ikenaka and Akabori  s t u d i e d  the  pH dependence o f

am ylase  a c t i v i t y  and a - p h e n y l - m a l t o s i d a s e  a c t i v i t y .  The

optimum pH o f  b o th  a c t i v i t i e s  was between  pH 5 an(i  5*5*

and t h e  shap es  o f  t h e  a c t i v i t y  c u r v e s  were s i m i l a r .  Ono
88and h i s  co -w o rk ers  r e p o r t e d  t h e  optimum pH f o r  B S u b t i l i s  

a -a m y la s e  as 5*8  t o  6 . 0  a t  2 5 °»

The e f f e c t  o f  ca lc iu m  s a l t s  on t h e  s t a b i l i t y  o f  

am ylases  h a s  been d e s c r i b e d  by F i s c h e r  and S t e i n ^ 5 .  They 

found t h a t  removal o f  c a lc iu m  from the amylase m o le c u le  

r e s u l t s  in  a remarkable l a b i l i z a t i o n  o f  the enzyme. The 

pH ranges  o f  s t a b i l i t y  were g r e a t l y  reduced by hog  p a n c r e a t i c  

and B S u b t i l i s  a - a m y l a s e .  Both amylases  had l o s t  t h e i r  

r e s i s t a n c e  towards a l k a l i n e  pH’ s and a l s o  r e a d i l y  c o a g u la te d  

i n  c o n t r a s t  to  n a t i v e  enzymes.

The change i n  a c t i v i t y  o f  enzyme as a f u n c t i o n  of  

hydrogen io n  c o n c e n t r a t i o n  i s  o f t e n  employed to  measure the  

pKa v a l u e s  o f  the  c a t a l y t i c  groups .  Wakim e t  a l5 5



27
showed th e  i n f l u e n c e  o f  pH on V _  and K f o r  p o r c in e^ max m
p a n c r e a t i c  a - a m y l a s e .  The s l o p e s  o f  a c i d i c  and b a s i c

l im b s  o f  the  cu rv es  were e x p e r i m e n t a l l y  l e s s  than u n i t y ,

i n d i c a t i n g  t h a t  s im p le  mode o f  pH dependence o f  enzymatic

r e a c t i o n  does  n o t  d e s c r i b e  th e  s y s t e m .  The d iv e r g e n c e  o f

Vmax from u n i t  s l o p e s  may a r i s e  from e l e c t r o s t a t i c

p e r t u r b a t i o n  o f  i o n i z a t i o n  c o n s t a n t s ,  m u l t i p l e  i n t e r -
89m e d ia t e s  or c o n fo r m a t io n a l  e f f e c t s  . The pK v a l u e s  ma

th e  p r e s e n c e  o f  c h l o r i d e  are  approximated to  be 5 *6 -  5*9

and 8 . 8  -  9 *0 , w h i l e  in  the  absence  o f  c h l o r i d e  are

e s t i m a t e d  to  be Lj_• 7 “ k-»9 an<3- 6 . 0  -  6 .I4.. Change i n  th e

r a t e - l i m i t i n g  s t e p  m ight  have  s h i f t e d  the pH r a t e  p r o f i l e

upon a d d i t i o n  o f  c h l o r i d e  i o n s .  From th e  i o n i z a t i o n

c o n s t a n t s  i t  i s  thought  t h a t  c a r b o x y l  and im id a z o le

r e s i d u e s  are  p r e s e n t  i n  t h e  c a t a l y t i c  group.

A ct io n  Mechanism o f  Amylases

Amylases may be d i v i d e d  i n t o  two c l a s s e s  a cc o r d in g

to  th e  h y d r o l y s i s  or t r a n s f e r  r e a c t i o n s  which th e y  c a t a l y z e

w ith  r e t e n t i o n  or i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  the  anomeric

c e n t r e  o f  the  c a r b o h y d r a te s .  The former c l a s s  i n c l u d e s  a -  
6 SO SIam ylases  and the  l a t t e r  p -amylases  and g l u c -

a m y la s e s ^ *  90.  por» many y e a r s  i t  was b e l i e v e d  t h a t  enzymes 

which i n v e r t  c o n f i g u r a t i o n  were s i n g l e  d i sp la c e m e n t  

c a t a l y s t  and enzymes t h a t  r e t a i n  c o n f i g u r a t i o n  were  

double  d i sp la c e m e n t  c a t a l y s t 9 2 .  a double  d i sp la ce m en t
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r e a c t i o n  g i v i n g  r i s e  t o  an even  number o f  Walden i n v e r s i o n s  

would norm ally  be e x p e c t e d  t o  p ro ceed  through a c o v a le n t  

g l y c o s y l  i n t e r m e d i a t e .  A c t u a l l y  t h e  r e a c t i o n  i n v o l v e s  

n u c l e o p h i l i c  p a r t i c i p a t i o n  by a group i n  t h e  enzyme which  

would y i e l d  a g l y c o s y l  enzyme o f  i n v e r t e d  c o n f i g u r a t i o n  

which  on r e a c t i o n  w i t h  w a te r  or a n o th e r  h y d r o x y l i c  compound 

would y i e l d  a product  w i t h  th e  same c o n f i g u r a t i o n  as th e  

s t a r t i n g  g l y c o s i d e .  I t  must be em phasised,  however,  t h a t  

a t  p r e s e n t  t h e r e  i s  no c o r r o b o r a t in g  e v id e n c e  f o r  th e  i n t e r ­

v e n t i o n  o f  a g l y c o s y l  enzyme i n  any g l y c o s i d a s e - c a t a l y s e d  

r e a c t i o n ^ ,  a l th o u g h  c o v a l e n t  c a t a l y s i s  has  been  c o n c l u s i v e l y  

d em onstra ted  f o r  a r e l a t e d  enzyme, s u c r o se  p h o s p h o r y l a s e ' ^ .

T h o m a ^ ' ^  s u g g e s t e d  an enzyme d i r e c t e d  approach o f  * 

th e  h y d r o l y t i c  w ater  m o le c u le  to  the  r e a c t i o n  c e n t r e  as  

an a l t e r n a t i v e  e x p l a n a t i o n  of the  s t e r e o c h e m i s t r y  of  

a m y la s e s .  For th e  enzymes t h a t  r e t a i n  c o n f i g u r a t i o n  

d i r e c t  f r o n t - s i d e  approach of  a t t a c k i n g  water  m o le c u le  on 

the  oxycarbonium io n  was p o s t u l a t e d ;  f o r  i n v e r t i n g  enzymes  

b a c k - s i d e  s o l v a t i o n  o f  an oxycarbonium io n  was p o s t u l a t e d .

I f  the  g lu c o p y r a n o s id e  undergoing  th e  a t t a c k  a c h i e v e s  a 

h a l f - c h a i n  c o n f i g u r a t i o n  a lo n g  th e  r e a c t i o n  c o o r d i n a t e ,  

s o l v e n t  approach from above or below th e  r i n g  i s  c l e a r l y  

p o s s i b l e .  Because  o f  s t e r i c  crowding,  t h e  f r o n t - s i d e  

a t t a c k  by w ater  on a g l y c o s i d e  in  the C - l  con form at ion  i s  

prob ab ly  i m p o s s i b l e ,  but  s t e r i c  c o n g e s t i o n  i s  g r e a t l y  

r e l i e v e d  vhen th e  g l u c o s i d e  i s  d i s t o r t e d  to  a h a l f - c h a i r



c o n f i g u r a t i o n .  Enzymes t h a t  r e t a i n  c o n f i g u r a t i o n  must  

perm it  some t r a n s l o c a t i o n  o f  th e  a g ly c o n  from the b in d in g  

s i t e  t o  a l l o w  th e  approach o f  s o l v e n t ,  but  t h i s  i s  not  

n e c e s s a r y  f o r  th e  enzymes t h a t  i n v e r t  c o n f i g u r a t i o n .  As 

a common in t e r m e d i a t e  i s  proposed  fo r  b o th  a -  and p-  

am ylase ,  t h e  s t e r e o c h e m i s t r y  o f  the  product  i s  n o t  a 

u s e f u l  g u id e  to  t h e  t im in g  o f  w ater  a t t a c k  a lo n g  th e  

r e a c t i o n  c o o r d i n a t e .  The X-ray c r y s t a l l o g r a p h i c  s t u d i e s  

o f  a. lysozym e i n h i b i t o r  complex f u r n i s h  support  fo r  

r e a s o n a b le n e s s  o f  the  d i s t o r t i o n  p o s t u l a t e d .  The 

d i f f r a c t i o n  p a t t e r n  o f  an i n h i b i t o r  enzyme complex  

s t r o n g l y  s u g g e s t s  t h a t  the  s u b s t r a t e  l i e s  in  a c r e v i c e  

i n  t h e  enzyme and t h a t  s u b s t a n t i a l  d i s t o r t i o n  o f  th e  r i n g  

u n d ergo in g  h y d r o l y s i s  i s  r e q u ir e d  t o  accommodate th e  

s u b s t r a t e  in to  t h e  c l e f t .  Two c a r b o x y l  groups s t r a d d l e  

t h e  r e a c t i v e  c e n t r e ,  one a c t i n g  as a g e n e r a l  a c i d  c a t a l y s t  

and .the o t h e r  as an a n io n  i n v o lv e d  in  io n  p a i r  fo r m a t io n  

or r e l a t e d  a c t i o n .

Acid h y d r o l y s i s  o f  a c e t a l s  i s  b e l i e v e d  to be a model 

f o r  t h e  enzyme c a t a l y z e d  h y d r o l y s i s  r e a c t i o n s  by many 

w ork ers ,  as the t r a n s i t i o n  s t a t e s  o f  both  p o s s e s s  carbonium  

io n  c h a r a c t e r .  At l e a s t  two f a c t o r s ,  d i s t o r t i o n  and s i d e  

c h a in  f u n c t i o n a l  c a t a l y s i s ,  are th o ug h t  to be important  

c o n t r i b u t i n g  a g e n t s  to  c a t a l y s i s ,  assuming no i n t e r a c t i o n  

mechanism between r in g  d i s t o r t i o n  and f u n c t i o n a l  group 

c a t a l y s i s ,  which i s  q u e s t i o n a b l e .



A s u b s t a n t i a l  number o f  ncnbonded i n t e r a c t i o n s  and

t o r t i o n a l  s t r a i n s  are  in tr o d u c e d  i n t o  a g lu c o p y r a n o s id e
97when i t  i s  t w i s t e d  to  h a l f - c h a i r  c o n fo r m a t io n '  , h y d r o l y s i s  

o f  t h e s e  compounds i s  r e l a t i v e l y  more d i f f i c u l t  as compared 

w ith  s t r u c t u r a l l y  s i m i l a r  o p e n -c h a in  a c e t a l s .  The 

d e p r e s s i n g  e f f e c t  o f  s t r a i n  on t h e  r a t e  o f  h y d r o l y s i s ^ *96 

can  be e s t i m a t e d  by comparing th e  h y d r o l y s i s  r a t e s  o f • 

a - m e t h y l - D - g l u c o s i d e  ( I )  w i th  t h a t  o f  an open ch a in  

a n a lo g u e  ( I I ) .

OCH

OH

( I )  (II)

At 25°C ( I I )  i s  c l e a v e d  a p p ro x im a te ly  10^ t im es  f a s t e r  

than ( I )  as  computed from t h e  e n e r g i e s  o f  a c t i v a t i o n  fo r  

a c i d - c a t a l y z e d  h y d r o l y s i s . This  r a t e  enhancement, accord ing  

to  t r a n s i t i o n  s t a t e  t h e o r y ,  i s  a c h ie v e d  by lo w er in g  the  

en erg y  d i f f e r e n c e  between the ground s t a t e  and t r a n s i t i o n  

s t a t e  by 0 . 7  k c a l  mol"^. The a c t i v a t i o n  b a r r i e r  f o r  

i n t e r c o n v e r s i o n  o f  t h e  c y c lo h ex a n e  c h a ir - fo r m  e s t im a te d  

a t  a p p r o x im a te ly  +10 k c a l  mole” - , approximates  t h i s  energy



d i f f e r e n c e 9 7 # Minimum s t r a i n  energy  o f  b i n d i n g

N - a c e t y l  g lucosam ine  i n t o  th e  d i s t o r t i o n  s u b s i t e  on

lysozym e i s  e s t i m a t e d  to  be + 6  k c a l / m o l e ,  # i i c h  i s

composed o f  the  a c t u a l  d i s t o r t i o n  energy  and th e  energy
98r e l e a s e  on b in d in g  the d i s t o r t e d  monomer' . This  s t r a i n  

e n ergy  i s  s t i l l  2 . 5  k c a l / m o l e  l e s s  than r e q u ir e d  to  

compensate f o r  t h e  i n c r e a s e  i n  t h e  a c t i v a t i o n  b a r r i e r  

i n tr o d u c e d  by c y c l i z i n g  an a c e t a l .  D i s t o r t i o n  o f  th e  

p y ra n o s id e  r i n g  towards the  h a l f - c h a i r  co n fo r m a t io n  may 

be u se d  t o  compensate f o r  th e  i n c r e a s e  i n  t h e  a c t i v a t i o n  

b a r r i e r  caused  by c y c l i z i n g  th e  a c e t a l .  This  energy  

u se d  f o r  s u b s t r a t e  d i s t o r t i o n  i s  a cq u ired  a t  th e  expense  

o f  f a v o u r a b le  en zy m e -s u b s tr a te  c o n t a c t s .  The d i f f i c u l t y  

i s  overcome in  c a s e  o f  p o lym er ic  s u b s t r a t e ,  a s  endothermic  

d i s t o r t i o n  o f  one monomer r e s i d u e  can be compensated f o r  

by exothermic i n t e r a c t i o n  o f  a d j a c e n t  monomers. But f o r  

g l u c o s i d a s e  th e  d i s t o r t i o n  problem i s  q u i t e  s e v e r e ,  b ec a u se  

the  l a c k  of  a d j a c e n t  groups in  s u b s t r a t e  f o r  compensating  

exotherm ic  i n t e r a c t i o n s .

Carboxyl and im id a z o le  groups have  been i m p l i c a t e d  

as th e  c a t a l y t i c  a g en ts  i n  a v a r i e t y  of  a m y l a s e s ^ * 5 3 # 

The p rob ab le  mode o f  p a r t i c i p a t i o n  o f  t h e s e  s i d e  ch a in s  i s  

b ased  upon the behaviour o f  th e  model sy s te m .  E x t e n s iv e  

d ata  on a c e t a l  h y d r o l y s i s  have  b een  rev iew ed  and d i s c u s s e d  

by C a p o n ^  and B e M i l l e r ^ .  S in c e  t h e  same c a t a l y t i c  

groups appear to  be p a r t i c i p a t i n g  i n  c a t a l y s i s  by a - ,



32

and (3-amylases, they  o p e r a te  by a common mechanism and 

"the d i f f e r e n t  s t e r i c  c o u r s e s  r e s u l t  from ’ s p e c i f i c  

g u i d a n c e 1 of  the w a te r  m o le c u le  t o  t h e  r e a c t i o n  c e n t r e  

by th e  enzyme11. The p r o t o n a te d  im id a z o le  a c t s  as a 

g e n e r a l  a c i d  c a t a l y s t  and th e  c a r b o x y l a t e  group s t a b i l i s e s  

th e  d e v e lo p in g  g l y c o s y l  c a t i o n  e l e c t r o s t a t i c a l l y  through  

i o n - p a i r  f o r m a t io n .

Capon9° u sed  s o l v e n t  i s o t o p i c  e f f e c t s  to  argue a g a i n s t

g e n e r a l  b a se  c a t a l y s i s  by a c a r b o x y l  group w ith  (3-amylase

and n u c l e o p h i l i c  c a t a l y s i s  f o r  a -a m y la s e s .  The s o l v e n t

i s o t o p e  e f f e c t ,  a t  pH or pD 7*0* V (H_0)/V (I> 0) = 1*2S>' max 2 ' max 2
i s  th e  same f o r  a- and (3-a m y la s e s .  This  v a lu e  i s  v er y  

s i m i l a r  to s o l v e n t  i s o t o p i c  e f f e c t  f o r  the  in tr a m o le c u la r  

g e n e r a l  a c i d - c a t a l y z e d  h y d r o l y s i s  o f  2 -ca rb o x y p h en y l  

p - D - g l u c o s i d e  o ) / —(D 0) = n^n summary, g e n e r a l

a c i d  c a t a l y s i s  a c t i n g  in  c o n c e r t  w i t h  some s o r t  o f  n u c l e o ­

p h i l i c  p a r t i c i p a t i o n  ( e l e c t r o s t a t i c  s o l v a t i o n  or c o v a l e n t  

bond form at ion)  seems a r ea so n a b le  p r o c e s s  to  invoke f o r  

amylase  c a t a l y s i s "33.



EXPERIMENTAL AND 

RESULTS



Taka-amylase  A C a ta ly ze d  H y d r o l v s i s  o f  M a l t o t e t r a i t o l  

The r a t e s  o f  h y d r o l y s i s  o f  m a l t o t e t r a i t o l  a t  

d i f f e r e n t  c o n c e n t r a t i o n s  have  b een  s t u d i e d  by p o t e n t i o -  

m e t r i c  t i t r a t i o n  method, based  on the r e d u c t i o n  o f  

a l k a l i n e  p o ta ss iu m  f e r r i c y a n i d e . This  method was f i r s t  

u se d  by Hagedon and J e n s e n , 99 b u t  the  procedure  d e s c r i b e d  

b e low  has  been  m o d i f i e d  to  ta k e  advantage  o f  modern 

equipment,  namely autom at ic  p o t e n t i o m e t r i c  t i t r a t o r .

C a l i b r a t i o n s  were made f o r  g l u c o s e ,  m a l t o s e ,  e q u i -  

m o le c u la r  m ix tu re  o f  g l u c o s e  and m a l t o s e ,  and m a l t o ­

t e t r a o s e .  I t  was c l e a r  from th e  c a l i b r a t i o n s  t h a t  

m a l t o t e t r a o s e  cannot  be used  as a s u b s t r a t e  i n  t h i s  

method,  b ecau se  the d i f f e r e n c e  betw een  the  t i t r e  o f  a 

c e r t a i n  m o l a r i t y  o f  m a l t o t e t r a o s e  and t h e  t i t r e  o f  double  

th e  m o l a r i t y  o f  m a l to s e  was not  l a r g e  enough to measure  

c o r r e c t l y .  For t h i s  reason  reduced m a l t o t e t r a o s e  i s  

t r i e d  f o r  the  k i n e t i c  s tu d y .

R ed u ct ion  o f  M a l t o t e t r a ose

M a l t o t e t r a o s e  was reduced a cc o r d in g  to  Nakamura and 

Tamura1s m eth o d .^00 To 100 mg o f  m a l t o t e t r a o s e  d i s s o l v e d  

in  50  ml o f  d i s t i l l e d  w a ter ,  50 ml o f  2 sodium b oro-  

h y d r id e  in  d i s t i l l e d  w ater  was added. The s o l u t i o n  was 

a l lo w e d  t o  s ta n d  for  one hour a t  room tem perature  and the  

e x c e s s  of sodium b orohydr ide  was d e s t r o y e d  by adding 80 ml



o f  A m b er l i te  IR -  120( H) .  The r e s i n  was removed by a 

s i n t e r e d  g l a s s  f i l t e r  and was washed w i t h  100 ml o f  MeOH. 

The f i l t r a t e  and the washing were combined and evap orated  

to  d r y n es s  below ij.0 ° i n  vacuo i n  a r o t a r y  e v a p o r a t o r .

To t h e  r e s i d u e  I4.OO ml o f  MeOH was added and ev a p o ra ted  

to  d ryn ess  .to remove th e  b o r a t e s  as  t r i m e t h y l  b o r a t e .

The f i n a l  t r ea tm en t  was r e p e a te d  t h r e e  t im e s .

I t  was found th a t  the  l a r g e  s c a l e  r e d u c t i o n  of  

m a l t o t e t r a o s e  d id  not g i v e  r e p r o d u c ib le  r e s u l t s ,  and a l s o  

the  zero  rea d in g  i s  too  h ig h  to  f o l l o w  the  r e a c t i o n ,  so  

sm a l l  s c a l e  r e d u c t i o n s  o f  t h e  samples  r e q u ir e d  f o r  each  

k i n e t i c  run were c a r r i e d  ou t  each t im e .

Reagents

A. Potass ium  I o d a te

An N s o l u t i o n  was made by d i s s o l v i n g  O. 8 9 1 8  g o f  
1 0

’A n a la r 1 p o ta ss iu m  i o d a t e  ( p r e v i o u s l y  d e s s i c a t e d  a t  l k S o 0

f o r  5 hours)  in  250  ml o f  d i s t i l l e d  w a te r .  This  s o l u t i o n

was u se d  as th e  primary s tandard  f o r  th e  e s t i m a t i o n s  and

d i l u t e d  to  make an N s o l u t i o n  f o r  t i t r a t i o n .  I t  was
5000

found t h a t  both  N and N s o l u t i o n s  o f  o o ta ss iu m  i o d a t e
10 5000

co u ld  be s t o r e d  f o r  s e v e r a l  months i n  a brown b o t t l e ,

w ith out  d e t e r i o r a t i o n ,  b u t  as  a o r e c a u t i o n  the  N
10

s o l u t i o n  was s t o r e d  i n  a r e f r i g e r a t o r  and t h e n  warmed t o  

room temperature  f o r  d i l u t i o n  p u r p o ses .
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B . A l k a l i n e  P o ta s s iu m  F e r r i c y a n i d e

An N s o l u t i o n  o f  p o ta ss iu m  f e r r i c y a n i d e  was made 
500

by d i s s o l v i n g  0 . 5 3  *  0 .0 0 1  g o f  ’A n a la r ’ p o ta s s iu m  

f e r r i c y a n i d e  and 5 . 5  g o f  anhydrous sodium ca r b o n a te  i n  

500 ml o f  d i s t i l l e d  w a te r .  This  was s t o r e d  i n  a brown 

b o t t l e ,  b u t  was n o t  u se d  more than two c o n s e c u t i v e  d a y s ,  

s i n c e  the  method r e q u i r e s  the  s o l u t i o n  to  be v e r y  n e a r l y

N .
500

C. Sodium T h io s u lp h a te

An N s o l u t i o n  o f  sodium t h i o s u l p h a t e  was prepared  
5000

by d i l u t i n g  a s to c k  s o l u t i o n  o f  N_ sodium t h i o s u l p h a t e .
10

The s t o c k  s o l u t i o n  was prepared from a ’B . D . H . ’ con­

c e n t r a t e d  v o lu m e t r i c  s o l u t i o n ,  and when f r e s h l y  prepared  

was u sed  t o  check  t h e  s tandard  p o ta ss iu m  i o d a t e  s o l u t i o n .  

S u f f i c i e n t  s o l u t i o n  f o r  two days  was u s u a l l y  found  

c o n v e n i e n t .

D. C i t r i c  A cid -Z in c  S u lp h a te  Reagent

This  rea g e n t  was prepared  i n  b u lk  from c i t r i c  a c i d  

(IpOO g o f  monohydrate) and z in c  s u lp h a te  (100 g o f  the  

h e p ta h y d r a te )  and made up to  1 l i t r e  w i th  d i s t i l l e d  wa»ter.

E. P otass iu m  I o d id e

A f r e s h  s o l u t i o n ,  5 6 1A n a la r ’ p o ta ss iu m  i o d i d e

i n  100  ml o f  w ater  was made d a i l y .



T i t r a t i o n  Assembly

The t i t r a t i o n  assem b ly  was b a se d  on a Radiometer  

T i t r a t o r  model TTT 1C w ith  a Radiometer combined p l a t i n u m /  

ca lo m e l  e l e c t r o d e .  The s o l u t i o n  to  be t i t r a t e d  was 

p l a c e d  i n  a b ea k e r  w i th  a m agnet ic  s t i r r e r  and th e  t i t r a n t  

(K1 0 -, s o l u t i o n )  d e l i v e r e d  through a sm al l  d ia m eter  g l a s s  

tube f i t t e d  w i th  the Radiometer combined e l e c t r o d e  w i t h  

i t s  e x i t  p la c e d  between  and j u s t  be low t h e  two e l e c t r o d e s .  

The d e l i v e r y  tube was co n n ec ted  by means o f  rubber t u b in g ,  

v i a  a m a g n e t i c a l l y  o p er a ted  v a l v e ,  to  a 10  ml b u r e t t e .

The b u r e t t e  c o u ld  be f i l l e d  r e a d i l y  from a r e s e r v o i r ,  by  

means o f  a th re e -w a y  s t o p - c o c k  which g r e a t l y  f a c i l i t a t e d  

r o u t i n e  a n a l y s e s .

A n c i l l a r y  Equipment

Reagents  B and C were d i s p e n s e d  from 1 ml and 10 ml 

b ulb  p i p e t t e s  r e s p e c t i v e l y .  The accu racy  o f  o r d in a ry  

1 ml p i p e t t e s  was found by w e ig h in g  the d e l i v e r e d  amount 

o f  a l k a l i n e  f e r r i c y a n i d e ,  and i t  was found to  d e l i v e r

1 ml samples  r e s p e c t i v e l y  w i th  an a cc u r a cy  o f  - l / .

Reagents  D and E were d i s p e n s e d  from 5 an& 1 

d i s p e n s e r s  r e s p e c t i v e l y .  The a c t u a l  volumes o f  t h e s e  

r e a g e n t s  were not  r e q u ir e d  to  a g r e a t e r  accu ra cy  than  

the  d i s p e n s e r s  (probably  no b e t t e r  than - 2 %).
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The P r i n c i p l e  o f  th e  E s t im a t io n  f o r  Reducing Sugar .

The r e d u c in g  compound (m altose )  in  a l k a l i n e  s o l u t i o n  

w i l l  reduce  a g i v e n  q u a n t i t y  o f  f e r r i c y a n i d e .  The 

reduced  f e r r i c y a n i d e  i s  complexed w i th  Zn to  p rev en t  

hack o x i d a t i o n ,  and t h e  r e s i d u a l  f e r r i c y a n i d e ,  i n  a c i d  

s o l u t i o n ,  o x i d i s e s  i o d i d e  io n s  to  f r e e  i o d i n e  which i s  

then  reduced by adding an e x c e s s  o f  sodium t h i o s u l p h a t e .  

The r e s i d u a l  t h i o s u l p h a t e  i s  th en  t i t r a t e d  w i th  p o ta ss iu m  

i o d a t e ,  u s i n g  a p o t e n t i o m e t r i c  method.

D e t a i l e d  Procedure f o r  the  Est im a t i o n  o f  Reducing Sugars

1 .  D e te r m in a t io n  o f  e q u i v a l e n t  p o i n t  f o r  t i t r a t i o n

To 10 ml o f  d i s t i l l e d  w a te r ,  i n  a b eaker ,  was added

1 ml o f  p o ta ss iu m  i o d i d e  ( E) , 5 ml o f  z in c  s u l p h a t e /  

c i t r i c  a c i d  r e a g e n t  (D) and 10 ml o f  t h i o s u l p h a t e  ( 0 ) .

The b e a k er  was p la c e d  i n  th e  t i t r a t i o n  assem bly  and 

s t i r r e d  by means o f  a magnetic  f o l l o w e r ,  th en  the  

e l e c t r o d e s  and d e l i v e r y  tube from b u r e t t e  was i n s e r t e d ,  

th e  t i t r a t o r  was s e t  to th e  a p p r o p r ia te  s c a l e  ( ’ E n d p o in t 1 

+ 300 mV) and the t i t r a t i o n  s t a r t e d .  The t i t r a t i o n  was 

s topped  a t  a p p r o p r ia te  p o i n t s  b e f o r e  and a f t e r  the  

e q u i v a l e n c e  p o in t  and a note  made of' the  m i l l i v o l t  

r e a d in g  o f  the in s tr u m e n t .  The curve o f  volume added  

a g a i n s t  m i l l i v o l t  read ing  was drawn to  determ ine  the  

e q u i v a l e n c e  p o t e n t i a l .  The e q u i v a l e n c e  p o t e n t i a l  was
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ta k e n  as the  m id - p o in t  o f  the  l a r g e  and abrupt ( i . e .  f o r

0 . 0 1  ml o f  p o ta ss iu m  i o d a t e )  change i n  m eter  r ea d in g  a t

th e  e n d - p o i n t  o f  th e  t i t r a t i o n .  This  was u s u a l l y  o f  the  

o r d er  o f  + 2 8 5  m i l l i v o l t s .

2 .  D e t e r m in a t io n  o f  t i t r e  o f  t h e  t h i o s u l p h a t e

The t i t r a t i o n  s o l u t i o n  was prepared  as f o r  S e c t i o n  I  

and the  t i t r a t o r  s e t  as  f o l l o w s :

a .  The e n d -p o in t  d i a l  s e t  a t  +300 m i l l i v o l t s ,  i . e .  

above the  e q u i v a l e n c e  p o i n t .

b .  P r o p o r t io n a l  band d i a l  t o  1 . 0 ,  i . e .  th e  in s tru m en t  i s

s e t  so  t h a t  th e  m agnet ic  v a l v e  from t h e  b u r e t t e

remains open u n t i l  t h e  m eter  r ea d in g  i s  1 pH u n i t  

from t h e  e n d - p o i n t ,  when i t  i s  a c t u a t e d  by the  

in s tru m en t  to  add sm al l  volumes o f  t i t r a n t  t i l l

th e  e n d -p o in t  i s  reached .  ( A c t u a l l y  i t  i s  arranged  

so t h a t  the  volume added i s  s m a l l e r  as  th e  en d -p o in t  

i s  a p p r o a ch ed ) .

c .  Delay o f  sh u t  o f f  d i a l  s e t  t o  10 s e c o n d s .  Thus 

when th e  m agnet ic  v a l v e  has  been sh u t  f o r  more than  

10 s e c o n d s ,  i . e .  e n d - p o in t  reached ,  th e  m agnet ic  

s t i r r e r  i s  sw i tc h e d  o f f  a u t o m a t i c a l l y .

d .  Turning th e  s e l e c t o r  knob from ’R ea d in g ’ to  ’U p -S ca le '  

opens the magnetic  v a l v e  and s t a r t s  t h e  t i t r a t i o n .  

Three e s t i m a t i o n s  o f  th e  t i t r e  f o r  t h i o s u l p h a t e  were

made d a i l y ,  t i t r e  -  T ml.
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3* D e t e r m in a t io n  o f  t i t r e  of  the  f e r r i c y a n i d e .

To 10 ml o f  d i s t i l l e d  w ater  was added 10 ml of  

f e r r i c y a n i d e  (B ) , 1 ml o f  (E ) , 5 ml o f  (D) and 20 ml o f  

(C) i n  a b eaker .  The t i t r a t i o n  was c a r r i e d  out  as  

b e f o r e ,  Hie a v erage  o f  t h r e e  e s t i m a t i o n s  i s  = F ml.  

i f . D e te r m in a t io n  o f  the  t i t r e  f o r  su g a r  s o l u t i o n s

S o l u t i o n s  o f  sugars  ( i . e .  g l u c o s e ,  m a l t o s e ,  m ix tu re  

o f  equim olar  g l u c o s e  and m a l to s e  and m a l t o t e t r a o s e )  i n  

d i s t i l l e d  w ater  were prepared  o f  v a r io u s  c o n c e n t r a t i o n s  

(0 . 0 5  -  0 . 5  x 1 0 “ *̂ molar) to  c a l i b r a t e  t h e  method -

10 ml o f  sugar  s o l u t i o n  was p i p e t t e d  i n t o  a dry,  

c l e a n  b o i l i n g  tu b e ,  f o l l o w e d  by 1 ml o f  ( B ) . The 

s o l u t i o n  was mixed r a p i d l y  and p l a c e d  in  a b o i l i n g  w ater  

b a th  f o r  15 m in u te s ,  then withdrawn and c o o l e d  under  

running tap w a ter  fo r  2 m in u te s .  To th e  c o o l e d  s o l u t i o n  

was added 1 ml o f  (E) w ith  m ix in g ,  and th e  m ix tu re  was 

then s e t  a s i d e  a t  room temperature  f o r  $ m in u t e s .

At t h e  end o f  t h i s  time 5 "nil o f  (D) v/as mixed i n t o  

the s o l u t i o n ,  f o l l o w e d  by 10 ml o f  (C),  the  c o n t e n t s  o f  

the  b o i l i n g  tu be  were t h e n  washed c a r e f u l l y  in to  a beaker,  

and t i t r a t e d  as a lrea d y  d e s c r i b e d .  T i t r e  = P ml.

When b o i l i n g  tubes  were i n  t h e  b o i l i n g  water  b a th ,  

’ g l a s s  b e a d s ’ were p la c e d  in  th e  necks  o f  th e  tubes  to  

p r ev en t  l o s s  o f  c o n t e n t s  and s p l a s h i n g  and c o n ta m in a t io n  

from t h e  w ater  b a th .



ko

The t i t r e  o b t a in e d  f o r  f e r r i c y a n i d e  was co r re c ted : .

The added f e r r i c y a n i d e  i s  e q u i v a l e n t  to (2T -  P) ml 

o f  p o ta ss iu m  i o d a t e  s o l u t i o n ,  thus  i f  no r e d u c t i o n  ta k e s  

p l a c e  the  volume o f  the  i o d a t e  needed to  o b t a i n  e q u iv a le n c e  

would be

(2T -  P) -  T = T -  F ml.

Thus t h e  c o r r e c t e d  t i t r e  f o r  t h e  reduced s o l u t i o n  i s :

P -  (T -  P) ml o f  p o ta ss iu m  i o d a t e .

This  method was used  f o r  g l u c o s e ,  m a l t o s e  and 

m a l t o t e t r a o s e ,  a s e p a r a te  c a l i b r a t i o n  b e in g  n e c e s s a r y  f o r  

each  o f  them. S t r a i g h t  l i n e  c a l i b r a t i o n s  were found f o r  

them, e x c e p t  f o r  c o n c e n t r a t i o n s  t h a t  caused  a lm ost  com ple te  

r e d u c t i o n  of  t h e  a v a i l a b l e  p o ta ss iu m  f e r r i c y a n i d e .  From 

c a l i b r a t i o n s  i t  was s e e n  t h a t  the  d i f f e r e n c e  between  the  

t i t r e  o f  c e r t a i n  m o l a r i t y  o f  m a l t o s e  was n o t  l a r g e  enough 

to  be measured c o r r e c t l y .  For t h i s  r e a so n  reduced  

m a l t o t e t r a o s e  was t r i e d  as  a s u b s t r a t e  in  th e  k i n e t i c  

e x p e r im e n ts .

Thus samples o b ta in e d  from k i n e t i c  runs were a n a ly s e d  

as d e s c r i b e d  above.

S o l u t i o n s  f o r  K i n e t i c  Run

1.  B u f f e r  S o l u t i o n s

1A n a la r 1 grade r e a g e n t s  were used  f o r  th e  p r e p a r a t io n  

o f  b u f f e r  s o l u t i o n s .  S o l u t i o n s  were prepared  u s i n g  

d e g a s se d ,  d i s t i l l e d  w a ter .
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pH measurements

The pH of  th e  b u f f e r  s o l u t i o n s  was measured a t  the  

tem perature  o f  th e  exper im ent  u s i n g  a Radiometer  Model 

26 pH Meter h a v in g  an e x t e r n a l  temperature  compensator .

The pH m eter  in c o r p o r a t e d  a Radiometer type  G202 C g l a s s  

e l e c t r o d e  and a ty p e  KI4.OI ca lo m el  e l e c t r o d e .  The meter  

was s t a n d a r d i s e d  a g a i n s t  commercial s tandard  b u f f e r s  

com ply ing  to  BS 19^-7* 19&1*

2 .  Enzyme S o l u t i o n

Enzyme u sed  was Taka-amylase A (a -am ylase  from  

A s p e r g i l l u s  o r y z a e ) . Enzyme s o l u t i o n s  o f  d i f f e r e n t  

c o n c e n t r a t i o n s  were made i n  b u f f e r s .

3 .  M a l t o t e t r a i t o l  S o l u t i o n

M a l t o t e t r a i t o l  s o l u t i o n  of  d i f f e r e n t  c o n c e n t r a t i o n s  

( v i z  2 -  20  x 1 0 "^  molar) was prepared  i n  b u f f e r  s o l u t i o n s .  

The K i n e t i c  Procedure Used Was;

The enzyme and s u b s t r a t e  s o l u t i o n s  were th e rm o s ta te d  

b e f o r e  s t a r t i n g  the r e a c t i o n .  Then 1 ml o f  enzyme 

s o l u t i o n  was added to 10 ml of  m a l t o t e t r a i t o l  s o l u t i o n  

and s t a r t i n g  t ime was n o t e d .  B e fo r e  adding enzyme 1 ml 

o f  m a l t o t e t r a i t o l  was taken out to check t h e  zero  r e a d in g .  

On th e  a d d i t i o n  o f  1 ml o f  enzyme the s o l u t i o n  became 

d i l u t e d ,  presumed a l lo w a n ce  was made f o r  t h i s  d i l u t i o n .

Samples were removed a f t e r  ev ery  30 m inutes  w ith  a 

1 ml bu lb  p i p e t t e ,  and t r a n s f e r r e d  t o  th e  b o i l i n g  tu b e .



f o l l o w e d  by 1 ml o f  N/5OO a l k a l i n e  p o ta s s iu m  f e r r i c y a n i d e .  

The s o l u t i o n  was mixed r a p i d l y  and p la c e d  i n  a b o i l i n g  

w a ter  b a th  f o r  15 m in u te s ,  then withdrawn and c o o l e d  

under running ta p  w ater  f o r  2 m in u te s .  To c o o l e d  

s o l u t i o n  was added 1 ml o f  p o ta ss iu m  i o d i d e  w ith  m ix ing  

and a l lo w e d  to  s ta n d  f o r  3 m in u ses .  At th e  end of  t h i s  

t im e 5 o f  (D) was mixed i n t o  th e  s o l u t i o n ,  f o l l o w e d  

by 10  ml of  (C), th e  c o n t e n t  o f  th e  b o i l i n g  tube was 

then  washed c a r e f u l l y  i n t o  a b eaker  and t i t r a t e d  as  

p r e v i o u s l y  d e s c r i b e d .

D u p l i c a t e  samples  were a lw a y s  a n a ly s e d  in  s e p a r a t e  

b a t c h e s  to  m a in ta in  a check  on th e  r e p r o d u c i b i l i t y  o f  

th e  method.
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Taka-amylase  A C a ta ly zed  H y d r o ly s i s  o f  M a i t o t e t r a o s e

The r a t e s  o f  h y d r o l y s i s  o f  m a l t o t e t r a o s e  a t  d i f f e r e n t  

c o n c e n t r a t i o n s  and a t  d i f f e r e n t  pH were determ ined  on a 

P e r k in  Elmer llf.1 p o l a r i m e t e r  f i t t e d  w i th  a t r a n s m i t t i n g  

p o t e n t i o m e t e r  which a l lo w e d  the  o p t i c a l  r o t a t i o n  to  he 

c o n t i n u o u s l y  m onitored  on a s t r i p  c h a r t  r e c o r d e r .

S i n c e  th e r e  was a lways  t r o u b le  w i th  t h i s  p o t e n t i o m e t e r ,  

the  change in  o p t i c a l  r o t a t i o n  was d i r e c t l y  read from 

th e  d i g i t a l  c o u n t e r .  The r e a c t i o n  c e l l  o f  th e  p o l a r ­

im e te r  was equipped w i t h  a w ater  j a c k e t  through which  

w a te r  a t  a c o n s t a n t  temperature was c i r c u l a t e d  from a 

Lauda e l e c t r o n i c  t h e r m o s ta t in g  h a t h .  The tem perature  

i n  th e  ha th  was measured w ith  a N a t io n a l  p h y s i c a l  

l a b o r a t o r y  c a l i b r a t e d  thermometer.

The i n i t i a l  s l o p e s  were determ ined  u s i n g  a l i n e a r  

l e a s t  square program, w r i t t e n  by P r o f .  B. Capon.

B u f f e r s  s o l u t i o n s

A l l  ch em ica ls  u sed  f o r  t h e  p r e p a r a t io n  o f  b u f f e r e d  

and o t h e r  s o l u t i o n s  were o f  the  h i g h e s t  grade  

c o m m erc ia l ly  a v a i l a b l e .  The d i s t i l l e d  w ater  u sed  f o r  

making a l l  k in d s  o f  b u f f e r  s o l u t i o n s . was o r i g i n a l l y  

b o i l e d  under vacuum, in  order  to  remove a l l  th e  carbon  

d i o x i d e . 

pH measurements

The pH o f  a l l  the  b u f f e r  s o l u t i o n s  was measured at



the t em p eratu re  o f  th e  k i n e t i c  exper im ent  w ith  a 

Radiometer  model 26 pH m eter ,  w i th  an e x t e r n a l  

t em perature  compensator .  A rad iom e ter  ty p e  G 202G 

g l a s s  e l e c t r o d e  was u sed  t o g e t h e r  w i th  a typ e  kJj.01 

c a lo m e l  e l e c t r o d e .  The pH m eter  was s t a n d a r d i s e d  

a g a i n s t  commercial s ta n d a rd  b u f f e r s  complying to  BS 19̂ 4-7* 

1961 .

Proced u re .

The enzyme and s u b s t r a t e  s o l u t i o n s  were e q u i l i b ­

r a t e d  i n  t h e r m o s t a t i n g  temperature  bath f o r  h a l f  an h ou r .  

To 1 . 2  ml s o l u t i o n  o f  m a l t o t e t r a o s e  o f  c e r t a i n  c o n c e n t ­

r a t i o n ,  1 ml o f  enzyme s o l u t i o n  (having  c o n c e n t r a t i o n  

2 x 10“6M) was added. This  s o l u t i o n  was p i p e t t e d  w i t h  

a f i n e  p i p e t t e  i n t o  the  r e a c t i o n  c e l l  whose volume was 

j u s t  l e s s  than 1 ml.  Any a i r  bubbles  trapped  i n  th e  

c e l l  were removed by sh a k in g .  The o p t i c a l  r o t a t i o n  

changes were norm ally  f o l l o w e d  a t  a w a v e len g th  o f  365 11111 

(mercury vapour lamp) to  o b t a in  the  l a r g e s t  p o s s i b l e  

r o t a t i o n a l  change.  This r o t a t i o n a l  change taken  d i r e c t l y  

from th e  d i g i t a l  co u n te r  was u sed  to  c a l c u l a t e  th e  i n i t i a l  

s l o p e s .  These s l o p e s  were in  d egree  p er  second  and were  

c o n v e r te d  to M s e c “ l  on the  assu m pt ion  t h a t  one mole o f  

m a l t o t e t r a o s e  y i e l d e d  two moles  o f  m a l t o s e .
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How t h e  c o n c e n t r a t i o n  o f  the  enzyme was c h e c k e d .

Every day the  c o n c e n t r a t i o n  o f  the enzyme was 

checked by measuring the i n i t i a l  s l o p e  f o r  the  s u b s tr a te ^  

l o w e s t  c o n c e n t r a t i o n .  In th e  c a s e  o f  m a l t o t e t r a i t o l  

i t  was 2 x 10~^M and i n  t h e  c a s e  o f  m a l t o t e t r a o s e  i t  was

2 . 5  x 10“ 5lvl. I t  was n o ted  t h a t  enzyme s o l u t i o n  i n  b u f f e r  

c o u ld  s a f e l y  be u sed  f o r  t h r e e  d a y s .

TJ.V. D i f f e r e n c e  S p e c tr o p h o to m e tr ic  Study of  Taka-Amylase A 

D i f f e r e n c e  s p e c t r a l  measurements were c a r r i e d  

out i n  a Cary Model 11+ r e c o r d in g  s p e c tr o p h o t o m e t e r .

Z e i s s  PMQ 11 sp e c tro p h o to m e te r  was a l s o  used  f o r  some 

measurements .  For both  s p e c tr o p h o to m e te r s  measurements  

th e  temperature  o f  the  c e l l  b l o c k  was m a in ta in e d  a t  25 .0°C .  

The c e l l  b lo c k  o f  the  Z e i s s  was k ept  c o n s t a n t  to  w i t h i n  

0.005°C by an e l e c t r o n i c  r e l a y  system .  The Cary Model 114. 

was f i t t e d  w i th  an automatic  f i v e  c e l l  compartment which  

was m a in ta in ed  a t  a c o n s ta n t  temperature a lo n g  w i th  the  

r e f e r e n c e  b lo c k  by a Lauda e l e c t r o n i c  t h e r m o s t a t t in g  bath  

to  w i t h i n  0 .0 3 °C .  The tem perature  was measured i n  the 

c e l l  b lo c k  b e f o r e  and a f t e r  each run.

(a) A p a ir  o f  matched tandem double  c e l l s  d e s ig n e d  to  

s u b s t r a c t  th e  s o l v e n t  c o n t r i b u t i o n  to  the  d i f f e r e n c e  

spectrum d i r e c t l y  i n  a s i n g l e  o p e r a t io n  was employed  

to  measure the  d i f f e r e n c e  s p e c t r a ,  h a v in g  path  

l e n g t h  1 cm.

(b) S l i t  w idth  was t r i e d  to keep as near as  p o s s i b l e  to
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0 .2  inm.

(c)  Dyno s e t t i n g  f o r  Cary Model llj_ was kept  a t  p o s i t i o n  2 .

(d) A 0 -  0 . 1  absorbance u n i t  s l i d e  w ir e  was u s e d ,  b u t  

f o r  m easuring t h e  absorbance  o f  enzymes a 0 -  1 . 0  

s l i d e  w ir e  was u s e d .

(e) B e fo re  each s e t  o f  measurements ,  the  s p e c t r o p h o t o ­

meter  i s  compensated to  g i v e  a s a t i s f a c t o r y  base  

l i n e  i n  th e  w ave len gth  r e g i o n  o f  i n t e r e s t .

Procedure

1 5 . 6 |iM amylase i n  .01M a c e t a t e  b u f f e r  pH 5*3 was 

p l a c e d  in  one compartment o f  each r e f e r e n c e  and sample  

c e l l .  I n  th e  o t h e r  compartment o f  each  c e l l  was p la c e d  

m a lto s e  s o l u t i o n  o f  d i f f e r e n t  c o n c e n t r a t i o n s  i n  t h e  same 

a c e t a t e  b u f f e r  pH 5*3* These c e l l s  were p la c e d  i n  th e  

r e f e r e n c e  and sample compartments,  and a b a se  l i n e  was 

r ec o r d e d .  Then t h e  amylase and m a l t o s e  s o l u t i o n  i n  the  

sample compartments were mixed t o g e t h e r  and th e  spectrum  

was r ec o r d e d .  The d i f f e r e n c e  between the two s p e c t r a  

taken b e f o r e  and a f t e r  m ix in g ,  shou ld  be th e  a c t u a l  

d i f f e r e n c e  spectrum produced due to  i n t e r a c t i o n  o f  

m a lto s e  w i th  the am ylase .

The procedure i s  t h e  same f o r  Z e i s s  PMQ 11 s p e c t r o ­

photometer  but  in  t h a t  c a se  th er e  was no automatic  

sc a n n in g .  So we have  to  change th e  w ave len gth  manually  

and the  absorbence  i s  read from th e  s c a l e .  Then the  

d i f f e r e n c e  s p e c t r a  were p l o t t e d .
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TLC Experiments  f o r  th e  Study of  t h e  H y d r o ly t i c  Products  

o f  M a l t o t e t r a o s e  and Mai t o t e t r a i t o l  

P r e p a r a t io n  of  Chromatoplates

30 g o f  K i e s e l g e l  nach S t a h l  (Type 60) and 70 nil o f  

d i s t i l l e d  w a te r  were m anually  shaken i n  a g l a s s  s toppered  

f l a s k  f o r  about one m in u te .  The s l u r r y  was t r a n s f e r r e d  

to  an a d j u s t a b l e  a p p l i c a t o r  and l a y e r s  0 . 2 5  w®- t h i c k  were 

d e p o s i t e d  on c l e a n  g l a s s  p l a t e s .  The p l a t e s  were a l lo w ed  

to  dry  o v e r n i g h t  a t  room tem perature ,  and then  h e a t e d  f c r  

h a l f  an hour b e f o r e  u s i n g  in  order  to  a c t i v a t e  the  s i l i c a .  

Procedure

20  x  10“3m m a l t o t e t r a o s e  (13  m g / l  ml) was hydro­

l y z e d  by Taka-amylase A a t  pH 5*3 a t  25°C. A l iq u o t s

were ta k en  out  a f t e r  15 minutes  and a p p l i e d  to  t h e  p l a t e s  

w ith  s m a l l  c a p i l l a r y  tubes  and a p p l i c a t i o n s  were made in  

sm al l  increm ents  under a s tream  o f  warm a i r  from a d r i e r  

to f a c i l i t a t e  r a p id  d r y i n g ,  and thus  to .  m in im ise  spot  

d i f f u s i o n .

Ascending chromatography was conducted  i n  c l o s e d  

g l a s s  tanks  l i n e d  w ith  Whatman No 1 paper s a t u r a t e d  w ith  

th e  d e v e l o p i n g  s o l v e n t  to  a d i s t a n c e  o f  10 cm from the 

o r i g i n .  The p l a t e s  were run t w i c e  i n  order  to  a c h i e v e  

c l e a r  s e p a r a t i o n  o f  t h e  s p o t s .  A f t e r  a run tho p l a t e s  

were d r i e d  w i t h  th e  a id  o f  a d r i e r  then  were r e tu rn e d  to  

the  g l a s s  tank f o r  another  a s c e n s i o n .





S o l v e n t  system

B e s t  s o l v e n t  system  u se d  f o r  the  s e p a r a t i o n  o f
101m a l t o o l i g o s a c c h a r i d e s  was u se d .  The system produced  

d i s t i n c t l y  s u p e r io r  sep a r a t io n s ,  and was c h l o r o f o r m - a c e t i c  

a c i d - w a t e r  ( 1 0 :7 9 : 1 1 ,  V /V ) .

D e t e c t i o n  o f  s p o t s

Spraying agent  u se d  was a e e r i e  s u l p h a t e  spray .

The r e a g e n t  was made by adding ^0  ml o f  c o n c e n t r a te d  

s u lp h u r ic  a c i d  to  I4.5O ml o f  d i s t i l l e d  w a ter ,  and th en  

d i s s o l v i n g  5 E s o l i d  e e r i e  ammonium s u l p h a t e .  The 

sprayed  p l a t e  was h ea te d  fo r  10 min. a t  I 3O0 . The 

o l i g o s a c c h a r i d e s  appeared to  be as b l a c k  s p o t s ,  as s e e n  

in  th e  photographs o f  th e  chromatograms.

D e s c r i p t i o n  o f  the photograph o f  t h e  TLO p l a t e .

The photograph shows th e  t h i n - l a y e r  chromatogram of  

m a l t o t e t r a o s e  (20 x 10"5m) h y d r o l y s e s  by Taka-amylase A 

a t  pH 5 . 3  on K i e s e l g e l  l a y e r s :-  

Lane G, Rf = O.I4.9 , r e f e r e n c e  g l u c o s e

Lane M/ Rf = O.3 9 , r e f e r e n c e  m a lto se

Lane M̂ , Rf = O.3 I ,  r e f e r e n c e  m a l t o t r i o s e

Lane M-l, Rf = '0.22, r e f e r e n c e  m a l t o t e t r a o s e

Lanes A B Enzyme h y d r o l y t i c  p roducts  o f  m a l t o t e t r a o s e  

taken out  a t  d i f f e r e n t  i n t e r v a l s  o f  t im e .
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H y d r o l y s i s  o f  m a l t o t e t r a o s e

R e s u l t s  o f  the  h y d r o l y s i s  o f  m a l t o t e t r a o s e  (20 x  

1 0 “^M) are shown in  th e  photograph o f  the  TLC p l a t e .

It.  i s  seen t h a t  a t  h i g h e r  c o n c e n t r a t i o n  o f  m a l t o t e t r a o s e  

(20  x  10“3m) the  products  are m a lto se  and m a l t o t r i o s e  

w h i l e  o n ly  a sm al l  amount o f  g l u c o s e  c o u ld  he s een  a f t e r  

one and a h a l f  hour r e a c t i o n .  While a t  low er  c o n c e n t r a t i o n  

o f  m a l t o t e t r a o s e ,  th e  on ly  product  found was m a l t o s e .  

H y d r o ly s i s  o f  m a l t o t e t r a i t o l

Same procedure was used  f o r  th e  i d e n t i f i c a t i o n  o f  

h y d r o l y t i c  products  o f  m a l t o t e t r a i t o l  h y d r o l y s i s .  Same 

s o l v e n t  and s p r a y in g  a gen t  was u se d .

At lower  c o n c e n t r a t io n  (2 x 10“3m) o f  m a l to ­

t e t r a i t o l  th e  products  were i d e n t i f i e d  as  m a l to s e  and 

m a l t i t o l ,  w h i l e  a t  h i g h e r  c o n c e n t r a t i o n s  (20  x 10"3m) 

the  p roducts  were m a l t o s e ,  m a l t i t o l  and m a l t o t r i o s e  and 

m a l t o t r i t o l ,  v h i l e  g lu c o s e  cou ld  he seen  o n ly  under uv 

lamp.



Table 1

The Taka-amylase A Catalyzed H ydro lysis  o f M a lt o t e t r a i t o l

a t  pH 5 .2  and 2 5 .0°C .

*

10 x  S u b s t r a t e  Concn, M. 1 6 ^ ®  x  I n i t i a l  S lo p e ,  M See- ^

2 1 .117

U 1.962

8  3 .7 2 0

12 5-753
16 7.I4.98

20 10 .079

26 11.61+6

30 I I .8 3 5

kc a t / Km = 2 '5  M_1 Seo_1

Sd = 2 . 3 %

Enzyme conon. = 2 x 1 0 <m



Table 2

The Taka-amylase A c a ta ly z ed  H yd ro lys is  o f  M a lto te tra ose

a t  2 5 . 0 °C.

pH I4..2

1 0 ^  x Substrate  Concn.,M. 10^7  x I n i t i a l  S lope,  M Sec

2 .5  O.657

5 .0  1 .50

7 .5  X .91I4.

1 0 .0  3 .007

1 5 .0  '3 . 1114.

2 0 .0  2 .5 9 7

kc a t / Km = 1 4 .9  M-1 S e c ' 1

Sd = 1 1 . 7#

Enzyme Concn. = 2 x 10~^M
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Table 3

The Taka-amylase A c a ta ly z ed  H ydro lysis  o f  M a lto te trao se

a t  25 .0°C .

pH I4..8

10  ̂ x  S u b s tr a te  Concn.,M. 10 7 x  I n i t i a l  S l o p e s ,  M Sec- ^

2 . 5  1 .3 7 2

5 - 0  1 . 91k

7 .5  2.37I1

1 0 . 0  3 . 2 8 1

1 5 . 0  I4.. 6l|.8

2 0 . 0  1^.922

kCfltAm = 1 2 . 9  M'1 S e c 'l

Sd = 1 0 . 1 #

Enzyme Concn. -  2 x  10 1̂
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Table Ij.

The Taka-amylase A ca ta ly z ed  H ydrolysis  o f  M alto te trao se

a t  25 .0°C .

pH 5 . 5

1 0 - 3  x  S u b s t r a t e  Concn.,M 10^7 x I n i t i a l  S l o p e s ,  M S ec“^

2 .5  2 .050

5 .0  5 .021

7*5 ^ - 5 8

1 0 . 0  5 .14.114.

1 5 .0  8 .121

2 0 . 0  7*738

2 5 .0  9 .1+33

ko « t A a  = 2 5-3  M_1 Seo_1

Sd = 8 . 1 #

Enzyme Concn. .= • 2 x - 10 M



Table 5

The Taka-amylase A c a ta ly z e d  H ydrolysis  o f M a lto te tra ose

a t  25 .0°C .

pH 5.8

1 0 ' *  x  S u b s t r a t e  Conon.,M 10-i7 .x I n i t i a l  S l o p e s ,  H Sec

2 .5  ' 2 .365

5 -0  3*554

7 .5  4 .5 1 1

1 0 .0  6 .5 62

1 5 .0  7 .834

2 0 .0  7 .136

ko a t / \ i  = 2 7 -0  M-l Seo-1

Sd = 1 . 2 $

Enzyme Concn. = 2 x  1CT6M
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Table 6

The Taka-amylase A c a ta ly s e d  H ydro lysis  o f  M alto te tra ose

a t  2 5 .0 °C .

pH  6 .5

1 0 ' 5  x  S u b s t r a t e  Concn.,M 10^7 x  I n i t i a l  S l o p e s ,  M S ec“l

2 . 5  2 i ).06

5 . 0  I|..101

7.5  5.605

1 0 .0  6 .986

1 5 .0  8 .599

2 0 .0  9 - b k l

k c a t A n  = 3 0 4  M-l S ec - 1

Sd = 3 . 2 #

£
Enzyme Concn. -  2 x 10“°M



DISCUSSION



I n  enzyme r e a c t i o n s  whenever a p r o c e s s  depends upon 

a s im p le  a s s o c i a t i o n ,  the  p l o t  of  the  i n i t i a l  v e l o c i t y  

a g a i n s t  s u b s t r a t e  c o n c e n t r a t i o n  w i l l  be a r e c t a n g u l a r  

h y p e r b o la .  In  1902 Henry s u g g e s t e d  t h a t  th e  enzyme 

f i r s t  forms a complex w i th  i t s  s u b s t r a t e  and t h i s  

s u b s e q u e n t ly  breaks  down g i v i n g  the f r e e  enzyme and the  

p r o d u c ts  o f  the  r e a c t i o n .  M ic h a e l i s  and Menten i n  1913 

put  forward a th e o r y  i n v o l v i n g  an a s s o c i a t i o n  o f  t h i s  

t y p e ,  which has been the fo u n d a t io n  o f  th e  g r e a t e r  p a r t  

o f  t h e  enzyme k inet ics^ -^ 2 . I f  th e  p r o c e s s  i s  w r i t t e n  as :

E + S -------=*• ES ^  E +• P   ----------

where E i s  the  enzyme, S i s  th e  s u b s t r a t e ,  ES i s  enzyme-  

s u b s t r a t e  complex and P i s  the p roduct ,  then  a c c o r d in g  

to  M i c h a e l i s  the  r a t e  o f  the  enzyme r e a c t i o n  i s  determ ined  

th e  r a t e  o f  breakdown o f  the  e n zy m e-su b s tra te  complex  

g iv e n  by

v = ---------- -------------  equ.  ( l )
1 + 55 . s

V = maximum v e l o c i t y  

Kg = s u b s t r a t e  c o n s t a n t  

S = s u b s t r a t e  c o n c e n t r a t i o n

This  i s  the w e l l  known M ic h a e l i s  e a u a t i c n  and can be
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r ea rr a n g e d

(V -  v) (Ks + S) = VKg 

when S = Ks , v w i l l  he equal  to  V/ 2  ( h a l f  th e  maximum 

v e l o c i t y ) .

The v a l u e  o f  S which i s  e x p e r im e n ta l ly  found t o  g i v e  

h a l f  th e  maximum v e l o c i t y  ( the  M ic h a e l i s  c o n s ta n t )  i s  

w r i t t e n  so th a t  under t h e s e  c o n d i t i o n s  = Kg .

The e q u a l i t y  depends on t h e  t r u t h  o f  assum ption  th a t  

e q u i l i b r i u m  i s  m ain ta ined  between ES, E and S. Many 

enzymes show a v e r y  h ig h  c a t a l y t i c  a c t i v i t y  so an 

a l t e r n a t i v e  treatm ent  a p p l i c a b l e  t o  such c a s e s  was put  

forward by B r ig g s  and Haldane in  1925* This  i s  b a se d  

on th e  p o s t u l a t e  th a t  a t  any moment th e  r a t e s  o f  

fo r m a t io n  and breakdown o f  ES complex are e s s e n t i a l l y  

e q u a l ,  so t h a t  i t s  c o n c e n t r a t i o n  can be regarded  as  

c o n s t a n t  and the  system  may be t r e a t e d  as b e in g  i n  a 

s t e a d y  s t a t e .

To c a l c u l a t e  the  s te a d y  s t a t e  parameters th e  i n i t i a l  

r a t e s  and r e s p e c t i v e  s u b s t r a t e  c o n c e n t r a t i o n  are  f i t t e d  

to M ic h a e l i s  Menten e q u a t io n  (equ.  If.), which r e l a t e s  the  

i n i t i a l  r e a c t i o n  r a t e  to  the enzyme c o n c e n t r a t i o n  

a c c o r d in g  to  Scheme 1, as f o l l o w s .
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Scheme 1

E + S ES
k-cat

E + product

r a t e  = ko a t  [E] [S ]  /  (1^ + S) equ . (2 )

Vmax e q u . ( 3 )

r a t e

where Vmax i s  exper im enta l  maximum v e l o c i t y ,  kc a  ̂ the  

r a t e  c o n s t a n t  f o r  the "breakdown o f  the  M ic h a e l i s  complex  

and K th e  ex p e r im en ta l  M ic h a e l i s  c o n s t a n t .

In  o r d e r  to g e t  a ccu ra te  v a lu e s  o f  and V , i t  & m max*
i s  n e c e s s a r y  to  o b t a in  some ex p er im en ta l  p o i n t s  a t  

s u b s t r a t e  c o n c e n t r a t i o n s  where V approaches Vmax.

An attempt to  determine the  k i n e t i c  parameters  

Vmax, Km f o r  Taka-amylase A c a t a l y z e d  h y d r o l y s i s  of  

m a l t o t e t r a o s e  and m a l t o t e t r a i t o l  has  f a i l e d  due to  l a c k  

o f  enough exper im enta l  p o i n t s  a t  h ig h  enough s u b s t r a t e  

c o n c e n t r a t i o n s .  However th e  kc a .̂/Km v a lu e s  have been  

c a l c u l a t e d  from th e  r a te s  f o r  the  f i r s t  f o u r  l o w e s t  

s u b s t r a t e  c o n c -e n tr a t io n s . In  both p o l a r i m e t r i c  and 

p o t e n t i o m e t r i c  methods t h e r e  was a r e s t r i c t i o n  i n  u s in g  

th e  h i g h e r  s u b s t r a t e  c o n c e n t r a t i o n s .  With the



polarim etric method, there was a regular decrease in  

rota tion  at the low concentrations of the substrate as 

the reaction  proceeds, but at the higher concentrations 

of the substrate there was f i r s t  an increase and then a 

decrease in the rotation . While with the potentiometric  

method at higher concentrations i t  was d i f f i c u l t  to 

measure the concentration of reducing sugar accurately. 

Further at higher concentrations, the reaction is  probably 

not a simple one. In order to check t h i s ,  the products 

of the hydrolytic reaction were examined by TLC as 

described in  the experimental section . The r e su lts  showed 

that at lower concentrations maltotetraose gives only 

maltose, while m alto te tra ito l gives maltose and m a lt i to l .

But at higher concentrations d ifferen t  behaviour was 

found (Fig 1 in experiment s e c t io n ) . Hydrolysis of 20 mM 

m altotetraose catalyzed by Taka-amylase A (conc. 2 x 10“%) 

in  an acetate buffer having pH 5*3 25°C showed the

formation of maltose and maltotriose on TLC p la te .  Only 

a small amount o f  glucose could be seen a fter  one and a 

h a lf  hours reaction. This showed that a large amount 

of m altotriose is  formed but very l i t t l e  glucose, suggesting  

that maltotetraose is  not hydrolyzed d ire c t ly  to give 

m altotriose, for  i f  th is  were so an equal amount of glucose  

should also be present at the same time. Sim ilarly malto-



t e t r a i t o l  at higher concentrations (20 mM) forms

maltose, m a lt ito l ,  m altotriose and m a lto tr ito l ,  and a

glucose hand could only he seen under the UV lamp at

the end of the reaction.

A sim ilar phenomenon of concentration dependence of

the action pattern of m altotriose and maltotetraose by
6ftpancreatic a-amylase was observed by Robyt and French , 

which was explained as due to condensation reaction.

The action pattern of Taka-amylase A on homologous 

lin ear  maltodextrin of DP Ij. to 7 has been studied by 

oligosaccharides mapping method using la b e lled  substrates  

(Concentrations of the maltodextrins not quoted.) They 

showed that for  maltotetraose only one mode of cleavage 

i s  predominant as indicated by the arrow in Fig 1.

Fig 1

0 glucose u n it ,  . © reducing end glucose,

______  , a, 1 g lucosid ic  linkage.

Recently Ono et al^Qa studied the e f fe c t  of chain length



F i g  2

Schematic model for the predominant productive ES 

complexes for various maltooligosaccharides. The wedge 

represents the subsite in the sp e c if ic i ty  region of Taka- 

amylase A, which are numbered as indicated. 0 D-glucose

residues; © reducing end glucose; ---- , a , l —1| g lucosidic

linkage. M2 maltose, Ivl̂  maltotriose, Mĵ  maltotetraose,



of lin ea r  maltodextrin on the k in etic  parameters, which 

was interpreted in  terms of the probability  of forming 

productive and non-productive ES complexes. Only one 

predominant productive ES complex has been suggested 

for  maltotetraose as shown in Pig 2 (concentration range 

of m altotetraose is  not quoted only = 8 x 10~^M i s  

g iv e n ) . The Pig 2 shows that only one mode of cleavage

i s  predominant for substrate of DP 2 __ 6 indicated by

the arrow, while two modes of cleavage are predominant 

with DP = 7* The ca ta ly t ic  s i t e  i s  located between the 

th ird  and fourth subsite  counted from the terminal one, 

where the reducing end of maltopentaose in  the predominant 

productive complex is  to be s ituated  and the s p e c i f i c i t y  

region of the Taka-amylase A was suggested to  be 7 

glucose u n its  on the basis of k in etic  parameters.

Three d is t in c t  hypothetical bi-mechanisms can be 

considered in the explanation of the change in the action  

pattern of maltotetraose with the increase in the substrate  

concentration. The more l ik e ly  involves a transfer  

reaction . Transfer reactions have been reported for 

- severa l a-amylases10^ '10^, although these reactions were 

not shown to be dependent on r e la t iv e ly  high concentrations



of substrate . Transfer reactions have a lso  been reported  

for lysozyme when incubated with i t s  products106,10^.

■fyie hydrolyzing enzymes can be regarded as acting  

l ik e  transferring enzymes because hydrolysis i s  the 

tran sfer  of a part of the substrate molecule to a hydroxyl 

group from water. Hydrolysis of m altotetraose by Taka- 

amylase A at low concentrations y ie ld s  only maltose 

because of the large amount of water compared to substrate .  

But at higher concentrations, the s itu a tio n  i s  d if fe r e n t .

There is  a large amount o f  substrate present and the 

reaction  can be written as
V

Maltotetraose + E ^ --------- Maltose + Maltosyl enzyme

Maltosyl + Maltotetraose Maltosyl enzyme -
enzyme m altotetraose complex

Maltosyl enzyme --------- --------^  Maltohexaose + E
Maltotetraose complex

Maltohexaose + E --------^  2 M altotriose

The concentration of the complex between the matosyl
WifK iWrea-si'ruj Concentration trjĵ  m

enzyme and maltotetraose w i l l  be increased^ Hence **

transfer of the maltosyl unit to the maltotetraose forming 

maltohexaose is  more l ik e ly  to occur. The maltohexaose 

w il l  then be attacked readily  by the enzyme to give two



molecules of m altotriose .

*̂ he p o s s ib i l i t y  of the tran sfer  of a g lucosyl unit 

from m altotetraose has been ruled out because there i s  

very l i t t l e  formation of glucose during the reaction .

The r e su lts  fo r  m a lto te tra ito l  hydrolysis a lso  confirmed 

th is  supposition that transfer of a maltosyl un it (in  

th is  case from non-reducing end) to m a lto te tra ito l  forms 

the m altohexaitol which upon hydrolysis gives m altotriose  

and m a lto tr i to l .  The very l i t t l e  amount of glucose  

(v is ib le  only under UV lamp) might be due to the hydro­

ly s i s  of m altotriose by Taka-amylase A. The reason fo r  

the even smaller amount of glucose formed from m a lto te tra ito l  

hydrolysis  may be that only one molecule of m altotriose  

i s  foimed upon m altohexaitol h ydro lysis , so the amount 

of glucose formed is  reduced.

Condensation of two molecules of substrate i s  a lso  

not a l ik e ly  mechanism because in case of m a lto te tra ito l ,  

the two molecules could not condense to give m a lto o c ta ito l .

In the case of m altotetraose, i f  condensation occurs then 

the mode of cleavage of maltooctaose w i l l  not be as 

straightforward as that of maltohexaose-one.



The involvement of a sh ifted  molecular enzyme 

substrate complex is  a lso  u n lik e ly , because in  that case 

the second molecule of the substrate would push the f i r s t  

into  a p osit ion  at the active  s i t e  that promotes the 

hyd ro lysis  of bond 3 (Pig 3 ) instead of bond 2 (Pig 1 

and 2)• This would lead to equimolar amount of glucose  

and m alto tr iose .

Pig* 3*

The wedge represents, the subsite  in the s p e c i f i c i t y  

region of. Taka-amylase A, which are numbered as indicated

0, glucose un it  0, reducing end glucose, ---------->

1   g lu cosid ic  linkage.



On the b asis  of TLC r e su lts  and these hypothetica l  

conclusions, a transfer reaction of a maltosyl u n it  i s  

the most l ik e ly  explanation for the b i-rea c tio n  of 

m altotetraose and m a lto te tra ito l  h yd ro lysis .

An attempt has been made to study the k in e t ic s  of

h ydrolysis  of m altotetraose and m a lto te tra ito l  by Taka-

amylase A at d iffe r e n t  pHs. As there was a d i f f i c u l t y

in  measuring the i n i t i a l  rates of  .the reaction  at higher

concentrations, the Michaelis parameters K and Vm max
could not be evaluated. Only k^^/K^ are calcu lated  

from the rates  fo r  the four lowest substrate concentrations 

(Tables 1 - 6  Experimental and Results se c t io n .)  In the 

case of m a lto te tr a ito l ,  no hydrolysis was observed below 

or above the optimum pH of enzyme (concentration 2 x lCT̂ M). 

so k ca t /Km was evaluated only at pH 5*2. By comparing 

the &cat/Kfli values of maltotetraose and m a lto te tra ito l  

at optimum pH and 2 ’p°C as below:

Substrate ^cat/?m
M”1 Sec**1

M alto tetra ito l 2.3

Maltotetraose 23

i t  could be suggested that m altotetraose i s  b e tter  

substrate fo r  Taka-amylase A than m a lto te tra ito l as k^^/K^
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for  m altotetraose i s  ten times higher than that for  

m a lto te tr a i to l .  Also the reduction of the reducing-end 

glucose un it (m odification at C-l) does not make i t  immune 

to enzymatic hydro lysis , but only lowers the rate of 

h y d ro ly s is .  We may therefore conclude that for  hydrolysis  

of a, 1 “* It-glucopyranosidic bonds by Taka-amylase A, a 

tetrasaccharide is  the minimum s iz e  of substrate required  

but that the reducing end unit can be rendered acyc lic  as 

in  m a lto te tr a i to l .  However, at the present time i t  i s  

impossible to  say more about the influence of molecular 

structure of substrate m altotetraose and i t s  analogue 

m a lto te tr a i to l  on Taka-amylase A catalyzed h ydro lysis .

A comparison with the kca .̂/Km value calcu lated  by 

Ono et_ al7^a with the present ca lcu lated  value was tr ied ,  

but there i s  a large d ifferen ce  in both values expressed  

in  moles per second. Prom the r e su lts ,  i t  i s  not clear  

how they have converted the i n i t i a l  slopes in degrees per 

minute in to  moles per second. There i s  much confusion  

about th is  conversion because i f  we do not convert the 

i n i t i a l  slopes into moles per second, our kca .̂/Km value 

is- three times, l e s s  than th e ir s ,  but i f  the conversions 

are done, our value i s  3 x 10  ̂ times le s s  than th e ir  

values as shown in Table A. Therefore, although Ono £t a l7 °a
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gave the value of V /E as mln , i t  seems probable thatU18.X
th is  i s  not correct and that they have not carried  out the 

conversion of the ra tes  from degrees per minute to moles 

per minute.

Table A

l^cat/Km values of m altotetraose hydrolysis catalyzed by 

Taka-amylase A at d iffe r e n t  pHs at 25°C.

pH kc a t /Km

M' 1 Sec' 1 deg. per min

I4. * 2 l k - 9 1 .0  x 10^

î .8 12.9 0 . 9  x 10^

5.3 2 3 .3 1 . 2 x 1 0 ^

5 . 8 2 7 .0 1 . 8  x 10^

6 .5 30.il 2 .2  x 10^

According to Ono et  a l the kcat/Km value fo r  the hydrolysis  

of m altotetraose catalyzed by Taka-amylase A at pH 5*3 an& 

25°C.

1 .̂2 x 1C>5 j f l  mln- -*- or 7 x 10? M- -̂ Sec- -1-



6^

The k increases with the increase of pH as

shown in  Table A. I f  the ion ic s ta te  of m altotetraose  

i s  considered to  be unchanged over the pH range I4..2 -  6 . 5 , 

the increase i s  with increasing pH may be

considered to r e f l e c t  the presence in  the enzyme of a 

c a t a ly t ic a l ly  important prototropic group that i s  

e f f e c t iv e  in i t s  d isso c ia ted  form. Imidazole and 

carboxylic groups are supposed, to be present in  the side  

chain as c a ta ly t ic  groups in am ylases^*51. One p o ss ib le  

function  of such a carboxylate group would be to form an 

ion pair with the cation ic  group of the substrate in  a 

manner analogous to that postulated for  the Interaction  

of am ylases^  and lysozyme 98 for i t s  s p e c if ic  su bstrates .  

The protonated imidazole group was v isu a lised  as acting  

as a general acid ca ta ly s t  and the carboxylate group 

s t a b i l i s in g  the developing glucosyl cation e le c t r o s t a t ic ­

a l ly  through ion pair formation. However i t  i s  d i f f i c u l t  

to id e n t ify  any c a ta ly t ic  group from the var ia tion  of 

kcat/Km with PH since a s u f f ic ie n t ly  large pH range was 

not studied.

An attempt was made to study the a ct iv e  centre of . 

a-amylase from A spergillus oryzae (Taka-amylase A) by the 

d ifferen ce  spectrum ch aracter is tic  of enzyme-product



in teraction  between Taka-amylase A and the end product of 

i t s  c a ta ly t ic  action , I . e .  maltose, at the optimum pH of 

the enzyme 5*3 and at 25°C. With the change in  maltose 

concentration (0 .2  - 2 %) no regular change in the absorbance 

at any wavelength was observed. Thus we were unable to 

see any ch ara c ter is t ic  perturbation d ifference spectrum 

due to  tryptophan. I t  was attempted to  see the maltose- 

induced d ifferen ce  spectra of pancreatic a-amylase and 

N-acetyl tryptophan methyl es ter  under exactly  the same 

conditions as described by Elodi e_t al~*^. I t  i s  

in te r e s t in g  that we observed three maxima at 2 9 1 , 2 8 5 .7  

and 273 coinciding fa ir ly  w ell with those of the  

perturbation d ifferen ce spectrum of N-acetyl tryptophan 

ethyl e s te r  measured in 20;  ̂ maltose, reported by Elodi et a l , 

but a negative d ifference was observed above 298  to 53^ 111,1 

in contrast to the p o s it iv e  d ifference reported by the 

l a t t e r .  However, with pancreatic a-amylase our re su lts  

were the opposite of Elodi et_ a l10 . A p o s it iv e  d ifference  

was observed above 291  nm (they observed a negative  

d ifferen ce  above 295 nmK while a negative d ifference was 

seen below 291 to 260 nm with minima around 271 nm; while  

these other people observed three p o s it iv e  maxima at 2 9 0 ,

281  ̂ and 279 nm with a r e la t iv e ly  wide trough, between 295 

and 510 nm. with a minima centred around 297 nm. The



d ifferen ce  in  the r e su lts  could be due to the d ifferen ce  

in  enzyme preparation, but nothing more could be sa id  

about i t .
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