
INTRODUCTION

C y c l o d e x t r i n  g l y e o s y l t r a n s f e r a s e  (C G Tase ;  1 , 4 - a - D - g l u c a n  4 - a -  

D - (. 1 , 4 - a - D - g l u c a n o ) - t r a n s f e r a s e  ะ E . c . 2 . 4 . 1 . 1 9 )  d e g r a d e s  s t a r c h  by  

c a t a l y z i n g  c y c l i z a t i o n  , c o u p l i n g ,  an d  d i s p r o p o r t i o n a t i o n  r e a c t i o n s  a s  

i l l u s t r a t e d  b e l o w  ' B e n d e r ,  1 9 8 6 )

c y c l i z a t i o n

g l e n )  ___________  g l c ) n - x >  + X

c o u p l i n g

d i s p r o p o r t i o n a t i o n

g l e a n  + g l c ( n )  g l e u B + x > + g l c ( n - x )

g 1 c ((ซ) an d  g l c ( n )  = 1 , 4 - a - D - g l u c o p y r a n o s y  1 c h a i n s  

โท and  ท ะะ D - g l u c o p y r a n o s y  1 r e s i d u e s  

X = 6 a - c y c l o d e x t r i n  

X = 7 p - c y c l o d e x t r i n

X = 8 t t - c y c l o d e x t r i n



2

The c y c l i z a t i o n  r e a c t i o n  p r o d u c e s  t h r e e  m ain  t y p e s  o f  c y c l o d e x t r i n s  

(CDs)  known a s  a - , p - a n d  « - f o r m s  w i t h  6 , 7  an d  8 g l u c o s e  r e s i d u e s  

r e s p e c t i v e l y ,  l i n k e d  by a - 1 , 4  l i n k a g e s  ( F i g . 1 . 1 ) .  T h r e e  d i m e n s i o n a l  

s t r u c t u r e s  o f  CDs r e v e a l  t h a t  CDs p o s s e s s  h y d r o p h o b i c  c a v i t i e s  

s u r r o u n d e d  by  h y d r o p h i l i c  b e l t s  o f  t h e  s t e r i c a l l y  p o s i t i o n e d  

h y d r o x y l  g r o u p s  o f  g l u c o s e  ( F i g . 1 . 2 ) .  The p r o p e r t y  l e a d s  t o  t h e  

a b i l i t y  t o  form c o m p l e x  w i t h  h y d r o p h o b i c  s u b s t a n c e s .  Co m pl ex  

f o r m a t i o n  i s ,  i n  e f f e c t ,  m o l e c u l a r  e n c a p s u l a t i o n ,  an d  t h i s  r e s u l t s  in  

many a d v a n t a g e s  f o r  t h e  t r a p p e d  m o l e c u l e s  ( S c h m i d ,  1 9 8 9 ) ,  f o r  e x a m p l e s

-  p r o t e c t i o n  a g a i n s t  o x i d a t i v e  d e g r a d a t i o n  o r  d e s t r u c t i o n  by

uv l ig h t ,

im p r o v e m e n t  o f  t h e  s o l u b i l i t y  o f  h y d r o p h o b i c  s u b s t a n c e s  i n  

a q u e o u s  s o l u t i o n s ,

-  s t a b i l i z a t i o n  o f  v o l a t i l e  c o m p o u n d s ,  

a l t e r a t i o n  o f  t h e  c h e m i c a l  r e a c t i v i t y ,

-  m o d i f i c a t i o n  o f  l i q u i d  s u b s t a n c e s  t o  p o w d e r s ,  and  

i m p r o v e m e n t  o f  b a d  s m e l l  an d  t a s t e .

C l e a r l y ,  c o m p l e x a t i o n  w i t h  CDs i s  b e n e f i c i a l  f o r  t h e  p r a c t i c a l  u s e  o f  

a l a r g e  number o f  s o p h i s t i c a t e d  c o m p o u n d s ,  and  o p e n s  up many 

a p p l i c a t i o n s  i n  t h e  p h a r m a c e u t i c a l ,  f o o d ,  c o s m e t i c  and  c h e m i c a l  

i n d u s t r i e s  and i n  a g r i c u l t u r e .  CD s’ u s e s  i n  f o o d s  an d  d r u g s  a r e  

s u p p o r t e d  by t h e  f i n d i n g  t h a t  t h e i r  t o x i c i t y  i s  l o w .  The  M i n i s t r y  o f  

H e a l t h  and  P u b l i c  W e l f a r e  i n  J a p a n  h a v e  p e r m i t t e d  t h e  u s e  o f  

p - c y c l o d e x t r i n  and  i t s  m i x t u r e s  i n  f o o d  a s  t h e  s t a b i l i z e r  o f  

f l a v o r s  and p i g m e n t s ,  a n t i - o x i d a n t s  an d  e m u l s i f i e r s  ( H o r i k o s h i
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and A k i b a ,  1 9 8 2 ) .

A l t h o u g h  t h e  p o t e n t i a l  o f  c y c l o d e x t r i n s  i s  w e l l  d o c u m e n t e d  by  

more t h a n  3 , 0 0 0  p u b l i c a t i o n s  an d  p a t e n t s ,  t h e  m a r k e t  f o r  c y c l o d e x t r i n s  

i s  s t i l l  l i m i t e d  a s  shown in  T a b l e  1 . 1  ( S c h m i d ,  1 9 8 9 ) .  T a b l e  1 . 1  

a l s o  i n d i c a t e s  an e x p e c t e d  s e v e n - f o l d  i n c r e a s e  in  t h e  demand f o r  

c y c l o d e x t r i n s  in  t h e  y e a r  199 5  A .D .  The c h e m i c a l  and  i n d u s t r i a l  g r a d e  

o f  c y c l o d e x t r i n s  c u r r e n t l y  c o s t  8 4 0 0 - 2 0 0 0  kg 1 and 8 8 - 8 0  kg ’ , 

r e s p e c t i v e l y  I p o n g s a w a s d i  , 1 9 9 4 ) .  T h i s  p r o j e c t i o n  i s  b a s e d  p a r t l y  

on an a s s u m p t i o n  o f  l o w e r  p r o d u c t i o n  c o s t ,  and  p a r t l y  on t h e  t r e n d s  

t o w a r d s  g r e a t e r  a c c e p t a b i l i t y  o f  c y c l o d e x t r i n s .

Low c o s t  p r o c e s s e s  f o r  t h e  p r o d u c t i o n  o f  c y c l o d e x t r i n s  c a n  b e  

d e v e l o p e d  by u s i n g  g e n e  c l o n i n g  t e c h n i q u e .  Gene  c l o n i n g  and  

o v e r e x p r e s s i o n  o f  CGTase g e n e s  p r o v i d e  a s t r a i g h t  f o r w a r d  way o f  

s a t i s f y i n g  t h e  a n t i c i p a t e d  e x p a n s i o n  o f  t h e  c y c l o d e x t r i n  m a r k e t .  The  

g r o w i n g  e c o n o m i c  i m p o r t a n c e  o f  CGTase i s  a l s o  r e f l e c t e d  i n  t h e  

m a g n i t u d e  o f  t h e  s u p p o r t i n g  r e s e a r c h  e f f o r t .  In t h e  p a s t ,  many CGTase  

g e n e s  h a v e  b e e n  c l o n e d  from b a c t e r i a l  s o u r c e s , f o r  e x a m p l e  i n  T a b l e  1 . 2  

I t  i s  e x p e c t e d  t h a t  t h e  l a r g e - s c a l e  p r o d u c t i o n  o f  CG Tase ,  r e n d e r e d  

p o s s i b l e  by g e n e  o v e r - e x p r e s s i o n ,  w i l l  s i g n i f i c a n t l y  i n f l u e n c e  t h e

w o r l d  demand f o r  c y c l o d e x t r i n s .
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«-C D P-CD #-CD

F i g u r e  1 . 1 S t r u c t u r e  o f  a - , p -  au d  a - c y e l o d e x t r i n s

( S z e j t l i 198 8  '
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15.3 A

hydrophobic
inside

hydrophilic
outside

/3-CYCLODEXTRIN

hydrophilicpart

hydrophobic Of lipophilic part

CYCLODEXTRIN-GUEST-MOLECULE COMPLEX

F i g u r e  1 . 2  I l l u s t r a t i o n  o f  i n c l u s i o n  o f  c y c l o d e x t r i n  

and g u e s t - m o l e c u l e  ( J a n s s e n ,  1 9 9 2 '



T a b l e  1 . 1  W o rl d  m a r k e t  f o r  c y c l o d e x t r i n

A p p l i c a t i o n

M a rk et  ( t o n  y e a r  1)

198 9 1995

P h a r m a c e u t i c s 50 2 , 0 0 0

Foo d 70 0 2 , 5 0 0

C o s m e t i c s 50 500

A g r i c u l t u r e 10 500

C h e m i c a l  i n d u s t r y 30 300

( b i o t r a n s f o r m a t i o n s ,  s e p a r a t i o n , c a t a l y s i s )

O t h e r  p u r p o s e s  ( e . g .  d i a g n o s t i c s ' 10 200

S o u r c e  ะ C o n s o r t i u m  f u e r  e l e c t r o c h e m i s c h e  I n d u s t r i e  GmbH.
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T a b l e  1 . 2  B a c t e r i a  w h i c h  p r o d u c e  CGTases

O r g a n i s m s  CGTase‘ t y p e Gene  c l o n e d  R e f e r e n c e s

K le b s ie lla  oxytoca  M5al a + B i n d e r  e t  a l . , 1 9 8 6

B a c illu s  macerans a + T a k a n o  et a l . , 1986

A l k a l o p h i l i c  B a c illu s  1011 p + Kimura  e t a l . , 1 9 8 7

A l k a l o p h i l i c  B a c illu s  3 8 - 2 e I K aneko  e t a l . , 1988

B a c illu s  c irc u la n s  s t r a i n  n o . 8 p + N i t s c h k e  e t a l . , 1 9 9 0

B a c illu s  ohbensis  n o v . c - 1 4 0 0 p , 8 + s i n  e t a l . , 1991

B a c il lu s  s u b t i l  is  No .  313 8 + K a t o  e t a l . , 1 9 8 6



e

B a c illu s  s p .  A l l  was  s e l e c t e d  a s  o n e  o f  t h e  b e s t  s t r a i n  

p r o d u c i n g  e x t r a c e l l u l a r  CGTase ( P o n g s a w a s d i  an d  Y a g i s a w a ,  1 9 8 7 » .  

In 1 9 9 3 ,  S u r a s a k  p a r t i a l l y  d i g e s t e d  c h r o m o s o m a l  DNA from  

B a c illu s  s p .  A l l  w i t h  Sau3AI and  i n s e r t e d  t o  t h e  BamHl s i t e  o f  p l a s m i d  

PBR322 .  The  C D - p r o d u c i n g  c l o n e  was s e l e c t e d .  I t s  i n s e r t  was s u b c l o n e d  

i n t o  BamHI s i t e  o f  pUC18 r e s u l t i n g  i n  a r e c o m b i n a n t  p l a s m i d  pSV3 

^rena med pCSBC5) w i t h  a 5 . 2  kb i n s e r t .  T h i s  f r a g m e n t  was  t r a n s f e r r e d  

t o  pSE411 v e c t o r  g i v i n g  r i s e  t o  pSV5 ( r e n a m e d  PCSBC8».  B o t h  pCSBC5 

and pCSBC8 when t r a n s f o r m e d  i n t o  E. c o l i  JM101 w e r e  t e s t e d  p o s i t i v e  

f o r  CGTase ( F i g . 1 . 3 ' .

H o w e v e r ,  CGTase a c t i v i t y  d e t e c t e d  was n o t  h i g h  and  c e r t a i n  

amount  was f o u n d  n o t  t o  s e c r e t ,  b e i n g  a c c u m u l a t e d  i n  t h e  p e r i p l a s m i c  

s p a c e .  CGTase was a c t u a l l y  s e c r e t o r y  p r o t e i n  i n  B a c illu s  s p .  A l l .  

T h i s  was d u e  t o  t h e  l a c k  o f  s e c r e t i o n  s y s t e m  i n  E. c o l i .  On t h e  o t h e r  

h a n d ,  B a c illu s  s u b t i l i s  i s  w e l l  known t o  s e c r e t e  a l a r g e  number o f  

p r o t e i n s  e f f i c i e n t l y  i n t o  t h e  c u l t u r e  medium ( S i n  e t a l . ,  1 9 9 3 ) .  I t  i s  

t h e r e f o r e  p o s s i b l e  t o  p r o d u c e  CGTase p r o t e i n s  e x t r a c e l l u l a r l y  u s i n g  

t h e  e x p r e s s i o n  and  s e c r e t i o n  s y s t e m  o f  B. s u b t i l i s .  The  a im o f  

t h i s  t h e s i s  i s  t o  c o n s t r u c t  an e x p r e s s i o n  s y s t e m  u s i n g  B. s u b t i l i s
a s  a h o s t  f o r  p r o d u c t i o n .
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Ch ro m o so m a l  DNA from BadJJus  A.

p a r t i a l  d i g e s t i o n  w i t h  Sau3AI
I

CGTase g e n e
l

BaaHI
CIP

h—

c พ //!
Sau3A I Sau 3A l

F i g u r e  1 . 3  I l l u s t r a t i o n  o f  t h e  r e c o m b i n a n t  p l a s m i d s

c o n s t r u c t i o n  p S V l ,  pSV2,  pSV3,  pSV4 and pSV5 

'ส ํ รส ืกค,  19 9 3  '
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