
CHAPTER I I

MATERIALS AND METHODS

B a c t e r i a l  S t r a i n s  and  P l a s m i d s

The b a c t e r i a l  s t r a i n s  and  p l a s m i d s  u s e d  i n  t h i s  s t u d y  and  

t h e i r  d e s c r i p t i o n  c h a r a c t e r i s t i c s  w e r e  l i s t e d  i n  T a b l e  2 . 1

P r o c e d u r e  f o r  E x t r a c t i o n  o f  P l a s m i d  DNA ( B i r n b o i m  and D o l y ,  1 9 7 9 )

The p l a s m i d s  w e r e  p r e p a r e d  by r a p i d  a l k a l i n e  e x t r a c t i o n  a s  

d e s c r i b e d  by B i r n b o i m  an d D o l y ,  1 9 7 9 .  The p r i n c i p l e  o f  t h i s  m et h o d  

i s  s e l e c t i v e  p r e c i p i t a t i o n  o f  h i g h  m o l e c u l a r  w e i g h t  c h r o m o s o m a l  DNA 

w h i l e  c o v a l e n t l y  c l o s e d  c i r c u l a r  DNA r e m a i n s  s o l u b l e .  P l a s m i d  

c o n t a i n i n g  c e l l s  w e r e  t r e a t e d  w i t h  l y s o z y m e  t o  w ea k en  t h e  c e l l  w a l l  

and  t h e n  l y s e d  c o m p l e t e l y  w i t h  SDS and  NaOH. DNAs w e r e  d e n a t u r e d .  

When t h e  l y s a t e  was n e u t r a l i z e d  by  a c i d i c  s o d i u m  a c e t a t e ,  c h r o m o s o m a l  

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

a g g r e g a t e d  t o  form  an i n s o l u b l e  n e t w o r k .  S i m u l t a n e o u s l y ,  t h e  h i g h  

c o n c e n t r a t i o n  o f  s o d i u m  a c e t a t e  c a u s e d  p r e c i p i t a t i o n  o f  p r o t e i n - S D S  

c o m p l e x  and  h i g h  m o l e c u l a r  w e i g h t  RNA. R e n a t u r e d  DNA ( a n d  r e s i d u a l
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T a b l e  2 . 1  B a c t e r i a l  s t r a i n s  an d  p l a s m i d s

S t r a i n s  o r  P l a s m i d s G e n o t y p e  o r  P h e n o t y p e S o u r c e  o r  R e f e r e n c e

B a c il lu s  s u b t i l i s  MI111  

(RM125 »

a r g ! 5 ,  l e i / A 8 ,  r - M, m - M Uozumi  et a l .  ,  1977**

Esche rich ia  c o l i  DH5a endAl hsdR17(r kÆ + k l 

supE44 th i- 1  recA l 
gyrA 'N a l^ ) r e lA l  
A( lacZYA-arg  F1U169  

< ^  80lacZAM15)

H a n a h a n , 198 3

E sch r ic h ia  c o l i  JM101 V, traD36 proA* proB+ 

la c l*  lacZAM15/supE 
t h i  A (lac-p roAB )

Y a n i s c h - P e r r o n  

e t  a l . , 1 9 8 5

pCSBC5 ( 7 . 9 k b ) Am^ ส ์รส ืกส ิ , 19 9 3

PCSBC8 ( 9kb ) Am̂ ส์รสืกสิ , 19 9 3

pHV33 ( 6 . 8  kb) AnT, CnT, Tc*" P r i m r o s e  et a l . , 1 9 8 1 *

* T h i s  s t r a i n  and  p l a s m i d  w e r e  k i n d l y  p r o v i d e d  by A s s o c . P r o f . D r .

W a t a n a l a i  P a n b a n g r e d ,  D e p a r t m e n t  o f  B i o t e c h n o l o g y ,  M a h i d o l  U n i v e r s i t y
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lo w  m o l e c u l a r  w e i g h t  RNA) r e m a i n e d  s o l u b l e  an d  w e r e  r e c o v e r e d  from  t h e  

s u p e r n a t a n t  by e t h a n o l  p r e c i p i t a t i o n .

1 .  L a r g e - s c a l e  p r e p a r a t i o n s

E. c o l i  JM101 h a r b o u r i n g  pCSBC5 o r  p€S BC 8,  B. s u b t i l i s  
MI111(RM125> h a r b o u r i n g  pHV33 and  s e l e c t e d  c l o n e s  w e r e  g ro wn  i n  100 ml 

o f  L - b r o t h  ( 1 0  g b a c t o t r y p t o n e ,  5 g y e a s t  e x t r a c t ,  10 g N a d  i n  1 1 o f  

w a t e r ,  pH 7.4>  c o n t a i n i n g  100 A g / m l  a m p i c i l l i n  o r  35 ^ g / m l

c h l o r a m p h e n i c o l  a s  a p p r o p r i a t e .  A f t e r  18 h o f  i n c u b a t i o n  a t  37°c,
b a c t e r i a l  c e l l s  w e r e  h a r v e s t e d  by c e n t r i f u g a t i o n  a t  4 , 0 0 0  x g  and  

4°c f o r  20 min and r e s u s p e n d e d  i n  4 ml o f  l y s o z y m e  s o l u t i o n  

( 5 0  mM g l u c o s e , 10 mM EDTA,25 mM T r i s - H C l  pH 8 . 0  and  5 mg/ml  l y s o z y m e ) .  

A f t e r  30 min o f  i n c u b a t i o n  a t  0 ° c ,  8 ml o f  a l k a l i n e  SDS s o l u t i o n

( 0 . 2  N NaOH, 1% SDS) was a d d e d .  The m i x t u r e  was g e n t l y  m i x e d .

The s u s p e n s i o n  s h o u l d  b e c o m e  a l m o s t  c l e a r  an d  s l i g h t l y  v i s c o u s .  Then  

6 ml o f  h i g h  s a l t  s o l u t i o n  (3  M s o d i u m  a c e t a t e  o r  p o t a s s i u m  a c e t a t e ,  

pH 4 . 8 )  was a d d e d .  The c o n t e n t s  o f  t h e  t u b e  w e r e  g e n t l y  m i x e d  by 

i n v e r s i o n  f o r  a fe w  s e c o n d s  d u r i n g  w h i c h  t i m e  a c l o t  o f  DNA 

f o r m s .  The t u b e  was m a i n t a i n e d  a t  0 ° c  f o r  60  min t o  a l l o w  m o st  

o f  t h e  p r o t e i n ,  h i g h  m o l e c c u l a r  w e i g h t  RNA an d c h r o m o s o m a l  DNA t o  

p r e c i p i t a t e .  C e n t r i f u g a t i o n  a t  4 , 0 0 0  xg  f o r  20 min y i e l d e d  an 

a l m o s t  c l e a r  s u p e r n a t a n t  l i q u i d .  E q u a l  v o l u m e  o f  1 : 1  p h e n o l

[ s a t u r a t e d w i t h TE b u f f e r ( 1 0 mM T r i s - H C l ,  1 mM EDTA pH 8 . 0 )  ]

e h l o r o f  orm m i x t u r e was ad d ed and m i x e d  by i n v e r s i o n s e v e r a l t i m e s .

An a q u e o u s p h a s e was s e p a r a t e d by c e n t r i f u g a t i o n . An e q u a l v o l u m e
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o f  e t h a n o l  was a d d e d .  The t u b e  was h e l d  a t - 2 0 ° c  o v e r n i g h t .  The  

p r e c i p i t a t e  was c o l l e c t e d  by c e n t r i f u g a t i o n  f o r  10 min a t  5 , 0 0 0  x g .  

The p e l l e t  was d i s s o l v e d  i n  5 0 0  ,ül TE b u f f e r  and  t r a n s f e r r e d  t o  a

1 . 5  ml E p p e n d o r f  t u b e .

2 .  M i n i p r e p a r a t i o n s

A s i n g l e  b a c t e r i a l  c o l o n y  was gro wn i n  1 . 5  ml o f  L - b r o t h  

c o n t a i n i n g  a p p r o p r i a t e  a n t i b i o t i c s .  A f t e r  18 h o f  i n c u b a t i o n  a t  37°c ,  
b a c t e r i a l  c e l l s  w e r e  h a r v e s t e d  by c e n t r i f u g a t i o n  a t  4 , 0 0 0  xg  

f o r  10 min an d r e s u s p e n d e d  i n  200 ^1 o f  l y s o z y m e  s o l u t i o n .  A f t e r  

30 min o f  i n c u b a t i o n  a t  0 ° c ,  400 ^1 o f  a l k a l i n e  SDS s o l u t i o n  

was a d d e d .  The  m i x t u r e  was g e n t l y  m i x e d .  The  s u s p e n s i o n  s h o u l d  

b e c o m e  a l m o s t  c l e a r  and  s l i g h t l y  v i s c o u s .  The  300 ,ul o f  h i g h  s a l t  

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

i n v e r s i o n  f o r  a f e w  s e c o n d s  d u r i n g  w h i c h  a c l o t  o f  DNA f o r m s .  

The t u b e  was m a i n t a i n e d  a t  0°c  f o r  30 min t o  a l l o w  m o s t  o f  t h e  

p r o t e i n ,  h i g h  m o l e c u l a r  w e i g h t  RNA an d c h r o m o s o m a l  DNA t o  p r e c i p i t a t e .  

C e n t r i f u g a t i o n  a t  4 , 0 0 0  xg  f o r  10 min y i e l d e d  an a l m o s t  c l e a r  

s u p e r n a t a n t  l i q u i d .  E q u a l  v o l u m e  o f  1 : 1  p h e n o l  c h l o r o f o r m  m i x t u r e  

was a d d e d  and m i x e d  by i n v e r s i o n  s e v e r a l  t i m e s .  An a q u e o u s  p h a s e  was  

s e p a r a t e d  by c e n t r i f u g a t i o n .  An e q u a l  v o l u m e  o f  e t h a n o l  was a d d e d .  

The t u b e  was h e l d  a t  - 2 0 ° c  o v e r n i g h t .  The p r e c i p i t a t e  was c o l l e c t e d  by  

c e n t r i f u g a t i o n  f o r  10 min a t  5 ,000  x g .  The  p e l l e t  was d i s s o l v e d  i n

30 ^1  TE b u f f e r .
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P l a s m i d  w e r e  m a i n t a i n e d  i n  n u c l e a s e  f r e e  s o l u t i o n s .  T h e r e  w e r e  

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

a  S h o r t - t e r m  ( a b o u t  2 m o n t h s )

P l a s m i d  DNA was d i s s o l v e d  i n  TE b u f f e r  and  s t o r e d  a t  4°c .  
b L o n g - t e r m  ( m o re  t h a n  2 m o n t h s )

M a i n t a i n  p l a s m i d  DNA i n  70% e t h a n o l  a t  - 2 0 ° c .  The p l a s m i d  

DNA was c o l l e c t e d  by c e n t r i f u g a t i o n  an d  d i s s o l v e d  i n  TE 
b u f f e r  p r i o r  t o  u s e .

P r o c e d u r e  f o r  E x t r a c t i o n  o f  c h r o m o s o m a l  DNA ( m o d i f i e d  from  R o d r i g u e z  

e t a ] . ,  1 9 8 3 )

B a c t e r i a l  c e l l s  w e r e  g ro wn  i n  100 ml o f  L - b r o t h .  A f t e r  18 h o f  

i n c u b a t i o n  a t  37°c, t h e  b a c t e r i a l  c e l l s  w e r e  h a r v e s t e d  by  

c e n t r i f u g a t i o n  a t  4 , 0 0 0  xg  an d  4 ° c  f o r  20 m i n .  The  c e l l  p e l l e t  was  

f r o z e n  a t  -70°c f o r  10 min and  t h e n  i m m e d i a t e l y  im m er g ed  i n  65°c w a t e r  

b a t h .  The c e l l  p e l l e t  was r e s u s p e n d e d  i n  2 ml o f  SET b u f f e r  (20% 

s u c r o s e ,  50 mM T r i s - H C l  pH 7 .6 , 50 mM EDTA). 0 . 2  ml o f  l y s o z y m e  

s o l u t i o n  โ 5 mg/ml o f  l y s o z y m e  i n  TEN b u f f e r  ( 1 0  mM T r i s - H C l  pH 7 .6 , 
1 mM EDTA, 10 mM Na Cl)  ] an d  0 . 1  ml o f  RNase  A s o l u t i o n  CIO m g/m l  o f  

P a n c r e a t i c  R i b o n u c l é a s e  A i n  RNa se  b u f f e r  ( 0 . 1  M s o d i u m  a c e t a t e  pH 7 . 4

0.3 mM EDTA) ] w e r e  a d d e d ,  an d  t h e  m i x t u r e  was i n c u b a t e d  f o r  30 min a t  

37°c i n  a s h a k i n g  w a t e r  b a t h  b e f o r e  a d d i n g  0.05 ml o f  25% SDS.  

I n c u b a t i o n  was c o n t i n u e d  f o r  3 - 6  h a t  37°c i n  a s h a k i n g  w a t e r  b a t h .  

0 . 3  ml o f  p r o n a s e  s o l u t i o n  (2  mg/ml  o f  p r o n a s e  i n  TEN b u f f e r )  was
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a d d e d  and  m i x e d .  3 ml o f  2 4 ะ 1 c h l o r o f o r m  i s o a m y l  a l c o h o l  m i x t u r e  was  

a d d e d  an d i n c u b a t e d  f o r  1 0 - 1 6  h a t  37°c i n  a s h a k i n g  w a t e r  b a t h .  

T h e n ,  1 ml o f  s t e r i l e d  d i s t i l l e d  w a t e r  and  10 ml o f  2 4 : 1  c h l o r o f o r m  

i s o a m y l  m i x t u r e  was a d d e d .  The c o n t e n t s  o f  t h e  t u b e  w e r e  g e n t l y  m i x e d  

by i n v e r s i o n  f o r  5 m in .  An a q u e o u s  p h a s e  was s e p a r a t e d  by 

c e n t r i f u g a t i o n  a t  1 , 0 0 0  xg  f o r  20 m in .  The a q u e o u s  u p p e r  p h a s e  was  

t r a n s f e r r e d  t o  a new t u b e  by u s i n g  a w i d e - b o r e  p i p e t .  An e q u a l  v o l u m e  

o f  2 4 : 1  c h l o r o f o r m  i s o a m y l  a l c o h o l  was a d d e d  an d t h e  e x t r a c t i o n  

p r o c e d u r e  was r e p e a t e d  t w i c e .  A f t e r  t h e  a q u e o u s  p h a s e  from  t h e  l a s t  

e x t r a c t i o n  was t r a n s f e r r e d  t o  a new t u b e ,  1 / 1 0 0  v o l u m e  o f  7 . 5  M 

ammonium a c e t a t e  pH 7 . 5  was a d d e d  f o l l o w e d  by t w o  v o l u m e s  o f  e t h a n o l .  

The t u b e  was h e l d  a t  - 2 0 ° c  f o r  a t  l e a s t  10 m in .  The p r e c i p i t a t e  was  

c o l l e c t e d  by c e n t r i f u g a t i o n  f o r  10 min a t  5 , 0 0 0  x g .  The p e l l e t  was  

d i s s o l v e d  i n  2 ml o f  TEN b u f f e r .

A g a r o s e  G e l  E l e c t r o p h o r e s i s  ( M a n i a t i s ,  1 9 8 2 )

A s u b m a r i n e  0 . 7 - 1 %  a g a r o s e  g e l  was s e t  up i n  TBE b u f f e r  

( 8 9  mM T r i s - H C l , 8 9  mM b o r i c  a c i d ,  2 . 5  mM EDTA pH 8 . 3 ) .  20 ^1  o f  e a c h  

s a m p l e  DNAs w e r e  m i x e d  w i t h  4 ,ul o f  t r a c k i n g  d y e  ( 1% b r o m p h e n o l  b l u e ,  

1% x y l e n e  c y a n o l e  FF,  50% g l y c e r o l  ) and  l o a d e d  i n t o  t h e  w e l l s .  The  

g e l  was run  a t  80 v o l t s  f o r  3 h o r  u n t i l  b r o m p h e n o l  b l u e  t r a c k i n g  

d y e  r e a c h e d  t h e  en d  o f  t h e  g e l .  A f t e r  e l e c t r o p h o r e s i s ,  t h e  g e l  was  

s t a i n e d  w i t h  e t h i d i u m  b r o m i d e  s o l u t i o n  ( 4  ,Hg/ml o f  e t h i d i u m  b r o m i d e  i n  

d i s t i l l e d  w a t e r )  f o r  5 t o  10 m i n .  The g e l  was d e s t a i n e d  f o r  a b o u t
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10 min w i t h  w a t e r .  The s t a i n e d  g e l  c o u l d  b e  p h o t o g r a p h e d  u n d e r  uv 
t r a n s i l l u m i n a t o r  t h r o u g h  a r e d  f i l t e r  o n t o  Kodak T r i - X  Pan 400 f i l m .

R e s t r i c t i o n  En zy m es  D i g e s t i o n  ( R o d r i g u e z  e t  a l . , 1 9 8 3 )

Abo ut  1 Mg o f  p l a s m i d  DNA (pCSBC5, pCSBCB> o r  c h r o m o s o m a l  DNA 

was c o m p l e t e l y  d i g e s t e d  w i t h  5 บ o f  r e s t r i c t i o n  e n d o n u c l e a s e  i n  20 / /I  

r e a c t i o n  m i x t u r e .  E x a m p l e s  o f  r e s t r i c t i o n  e n d o n u c l e a s e  w e r e  l i s t e d  

i n  T a b l e  2 . 2 .  The r e a c t i o n  m i x t u r e  was i n c u b a t e d  o v e r n i g h t  a t  37°c. 
The s a m p l e s  w e r e  s u b j e c t e d  t o  a g a r o s e  g e l  e l e c t r o p h o r e s i s  t o  s e p a r a t e  

t h e  DMA f r a g m e n t  o f  i n t e r e s t .  The r e a c t i o n  m i x t u r e  may a l s o  b e  

e x t r a c t e d  w i t h  1 : 1  p h e n o l - c h l o r o f o r m  t w i c e .  The a q u e o u s  u p p e r  p h a s e  

was c o l l e c t e d .  The DNA was p r e c i p i t a t e d  w i t h  a b s o l u t e  e t h a n o l  and  

d i s s o l v e d  i n  TE b u f f e r .

DNA R e c o v e r y  a f t e r  A g a r o s e  G e l  E l e c t r o p h o r e s i s

1 .  F r e e z e - S q u e e z e  m e t h o d  ( T a u t z  an d  R e n z ,  1 9 8 3 )

A f t e r  a g a r o s e  g e l  e l e c t r o p h o r e s i s  o f  t h e  DNA s a m p l e s  was  

c o m p l e t e ,  t h e  g e l  was s t a i n e d  w i t h  e t h i d i u m  b r o m i d e ,  an d  t h e  DNA b a n d s  

w e r e  v i s u a l i z e d  u n d e r  uv l i g h t .  DNA b a n d s  o f  i n t e r e s t  w e r e  e x c i s e d  

a s  a g a r o s e  s t r i p s .  The a g a r o s e  s t r i p  was m i n c e d  a s  f i n e  a s  p o s s i b l e  

w i t h  a r a z o r  b l a d e  and  p l a c e d  i n t o  a 0 . 5  ml m i c r o f u g e  t u b e  w h i c h  

was p u n c t u r e d  a t  t h e  b o t t o m  and  p l u g g e d  w i t h  s i l i c o n i z e d  g l a s s  w o o l ,  

0 . 1 2  ml o f  DNA e l u t i o n  b u f f e r  ( 0 . 3  M s o d i u m  a c e t a t e  pH 7 . 0 ,  1 mM EDTA)
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T a b l e  2 . 2  L i s t  o f  r e s t r i c t i o n  e n d o n u c l e a s e s  u s e d

R e s t r i c t i o n

E n d o n u c l e a s e

R e c o g n i t i o n

S e q u e n c e

N a t u r e  o f  e n d s  

g e n e r a t e d  by c u t

Acc I 5 ’ - G T / ( A o r C ) ( G o r T ) A C - 3 ’ c o h e s i v e  e n d s

BainW I 5 ’ -G/G AT CC -3’ c o h e s i v e  e n d s

Cia I 5 ’ -A T /C G A T -3 ’ c o h e s i v e  e n d s

EcoR I 5 ’ -G /A A T T C -3 ’ c o h e s i v e  e n d s

H i tic I I 5 ’ - G T P y / P u A C - 3 ’ b l u n t  e n d s

Hind  I I I 5 ’ -A /A G C T T -3 ’ c o h e s i v e  e n d s

Hpa I 5 ’ -G T T /A A C -3 ’ b l u n t  e n d s

Kpn I 5 ’ -G GT AC /C-3’ c o h e s i v e  e n d s

Pst I 5 ’ -CTG CA/G -3’ c o h e s i v e  e n d s

Pvu I I 5 ’ -C AG /CT G-3’ b l u n t  e n d s

Sa l I 5 ’ -G/T CGA C-3’ c o h e s i v e  e n d s
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p e r  20 mm o f  g e l  v o l u m e  was a d d e d .  The m i x t u r e  was i n c u b a t e d  a t  room 

t e m p e r a t u r e  f o r  30 min and  p l a c e d  i n  t h e  l i q u i d  n i t r o g e n  o r  d r y  i c e  

f o r  30 m in .  Then t h e  0 . 5  ml t u b e  was p l a c e d  i n t o  a 1 . 5  ml m i c r o f u g e  

t u b e  and  r a p i d l y  c e n t r i f u g e d  f o r  10 min a t  5 , 0 0 0  x g ,  4 ° c .  1 / 1 0 0  v o l u m e  

o f  10/4 a c e t i c  a c i d  -  1 !  MgCle was a d d e d  t o  t h e  c o l l e c t e d  DNA s o l u t i o n  

f o l l o w e d  by 2 . 5  v o l u m e  o f  c o l d  e t h a n o l .  The m i x t u r e  was t h e n  p l a c e d  a t  

-20°c f o r  a t  l e a s t  30 m in .  The DNA p r e c i p i t a t e  was c o l l e c t e d  by  

c e n t r i f u g a t i o n  f o r  5 min a t  4 , 0 0 0  x g .  The s u p e r n a t a n t  l i q u i d  was  

d i s c a r d e d .  The DNA p r e c i p i t a t e  was d i s s o l v e d  w i t h  TE b u f f e

2 .  The G e n e c l e a n  I I  K i t

The G e n e c l e a n  I I  K i t  'BIO 101 I n c . )  c o n t a i n s  a s p e c i a l l y  

f o r m u l a t e d  s i l i c a  m a t r i x ,  c a l l e d  GLASSMILK, t h a t  b i n d s  s i n g l e  and  

d o u b l e  s t r a n d e d  DNA b u t  n o t  t h e  DNA c o n t a m i n a n t s .  The p r o t o c o l  o f  

DNA r e c o v e r y  i s  a s  f o l l o w i n g :

DNA b an d  o f  i n t e r e s t  f rom  e t h i d i u m  b r o m i d e  s t a i n e d  a g a r o s e  g e l  

was e x c i s e d  w i t h  r a z o r  b l a d e  an d  t h e n  t r a n s f e r r e d  t o  a p l a s t i c  t u b e .  

The v o l u m e  o f  t h e  g e l  s l i c e  was e s t i m a t e d  (1  g e q u a l s  a p p r o x i m a t e l y  

1 m l ' .  3 v o l u m e s  o f  Nal  s t o c k  s o l u t i o n  was a d d e d .  The  t u b e  was  

i n c u b a t e d  a t  a 45°c t o  55°c w i t h  o c c a s i o n a l  m i x i n g .  A f t e r  f i v e  m i n u t e s  

o f  i n c u b a t i o n ,  t h e  a g a r o s e  g e l  s h o u l d  b e  c o m p l e t e l y  d i s s o c i a t e d .  The  

i n s o l u b l e  s i l i c a  m a t r i x  s t o c k  was m i x e d  by v o r t e x i n g  u n t i l  a l l  

c o n t e n t s  w e r e  i n  s u s p e n s i o n ,  and  5 ^1 o f  t h i s  GLASSMILK s u s p e n s i o n  

was a d d e d  t o  t h e  s o l u t i o n  c o n t a i n i n g  5 Mg o r  l e s s  o f  DNA. The  

s o l u t i o n  was m i x e d  and  p l a c e d  on i c e  f o r  5 min t o  a l l o w  b i n d i n g  o f
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t h e  DNA t o  t h e  s i l i c a  m a t r i x .  The s i l i c a  m a t r i x  w i t h  t h e  b o u n d  DNA 

p e l l e t  was s e p a r a t e d  i n  a m i c r o c e n t r i f u g e  f o r  a p p r o x i m a t e l y  5 s e c o n d s  

a t  5 , 0 0 0  x g .  250 /(I  o f  i c e  c o l d  NEW WASH was a d d e d  t o  t h e  p e l l e t .  

The p e l l e t  was r e s u s p e n d e d  i n  t h e  w a sh  by p i p e t i n g  b a c k  and  f o r t h  

w h i l e  d i g g i n g  i n t o  t h e  p e l l e t  w i t h  t h e  p i p e t  t i p .  The p e l l e t  was sp u n  

down f o r  5 s e c o n d s  i n  t h e  c e n t r i f u g e ,  and  t h e  s u p e r n a t a n t  l i q u i d  

was d e c a n t e d .  The w a sh  p r o c e d u r e  was r e p e a t e d  t w i c e .  A f t e r  t h e  

s u p e r n a t a n t  l i q u i d  from t h e  t h i r d  wa sh  h a d  b e e n  r e m o v e d ,  t h e  t u b e  was  

q u i c k l y  sp u n  f o r  a f e w  s e c o n d s ,  and t h e  l a s t  b i t  o f  l i q u i d  was r em o v ed  

w i t h  a f i n e  t i p p e d  p i p e t .  The w a s h e d  w h i t e  p e l l e t  was r e s u s p e n d e d  

w i t h  10 * 1  o f  TE b u f f e r ,  i n c u b a t e d  a t  45°c t o  55°c  f o r  2 o r  3 m i n u t e s ,  

and t h e n  c e n t r i f u g e d  f o r  a b o u t  30 s e c o n d s  a t  5 ,000  x g .  The s u p e r n a t a n t  

c o n t a i n i n g  t h e  e l u t e d  DNA was c a r e f u l l y  r e m o v e d  and  p l a c e d  i n  

a new t u b e .

L i g a t i o n  ( R o d r i g u e z  e t  a l ,  1 9 8 3 )

DNA i n s e r t  (CGTase  g e n e  c o n t a i n i n g  i n s e r t s  f rom  p l a s m i d ,  

pCSBCS,pCSBC8) and  p l a s m i d  v e c t o r  (pHV33 o r  pUC18> t h a t  h a d  b e e n  

d i g e s t e d  w i t h  a p p r o p r i a t e  r e s t r i c t i o n  e n z y m e s  w e r e  m i x e d  i n  a 3 : 1  

m o l a r  r a t i o .  The m i x t u r e  was i n c u b a t e d  a t  50°c  f o r  10 m i n .  The  

8 /<1 o f  T_1 l i g a t i o n  5X b u f f e r  ( w i t h  AT P) ,  0 . 5  J«1 ( 2 0 0  NEB u n i t . '  o f  

T 4 DNA l i g a s e  and  s t e r i l e d  d i s t i l l e d  w a t e r  w e r e  a d d e d  t o  make 40 >wl o f  

r e a c t i o n  m i x t u r e .  The s o l u t i o n  was m i x e d  an d  i n c u b a t e d  a t  12-15°c
f o r  15 h .
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Transformation

1. Transformation of competent E. coli (modified from 
Mandel and Higa,1970)

A s ing le  colony of E. coli s t r a i n  DH5a , or JM101 was cu l tured  
in 1 ml of L-broth medium and incubated at  37°c for  an overnight.  The 
s t a r t e r  was d i lu te d  to  1% with 10 ml of L-broth medium and cu l tured  
at  37°c for 2-3 h or u n t i l  the c u l tu re  was in the mid log-phase s tage . 
The c e l l s  were then c h i l l e d  on ice for  5 min, spun down by 
c en t r i fu g a t io n  at  4,000 xg for  10 min. The p e l l e t  was washed with 
5 ml of cold 10 mM CaClE , spun down, resuspended in 500 /(I of cold 
100 mM CaCl£ and l e f t  on ice for at  l e a s t  1 h before used.

100  ^1 of the competent c e l l s  were mixed with 10-20 /(I of 
l i g a t io n  mixture and then placed on ice for  30 min. The mixture was 
heat-shocked at  42°c for 5 min. 500 ^1 of L-broth medium was added 
and incubated at  37°c for 1 h. 100 ^1 of the c e l l s  were spread onto an 
L-agar p l a t e  containing appropr ia te  a n t i b i o t i c s .  The p l a t e  was 
incubated overnight a t  3 7 °c ,  and the transformant colonies were 
counted and se lec ted .

2. Transformation of Bacillus subtilis  Mill !  (RM125) 
p ro top la s t

2.1 Prepaeat ion of p ro to p la s t  of B. subtilis MI 111 
(RM125) (Chang and Cohen, 1979) Mid log-phase c e l l  c u l tu re s  f resh ly  
grown in Penassay broth )PAB,see Appendix I for medium composition) at
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37  c  to 1-2 X 10a cfu/ml were harves ted and resuspended in 1/10 
volume of SMMP so lu t ion  (see Appendix I for  medium composition).  
Lysozyme was added to 2 mg/ml f in a l  concen tra t ion ,  and the suspension 
was incubated at  3 7 ° c  with gent le  shaking. Although p ro to p la s t s  were 
formed within 30  min, incubation usual ly  was c a r r i e d  out for  2 h to 
ensure complete formation. Cel ls were p e l l e te d  by c en t r i fu g a t io n  at
2,000 xg for 15 min and washed once by resuspending them gent ly  in 
SMMP. After c en t r i fu g a t io n ,  the p ro to p la s t s  were suspended in 
1/10-1/15 volume of the s t a r t i n g  cu l tu re  by the addi t ion  of SMMP. The 
r e s u l t in g  prepara tion  is  s t a b l e  at  room temperature for  at  l e a s t  5 h.

2.2 The p ro to p la s t  t ransformation procedure 1 pg to 5 Mg 
of recombinant plasmid D\TA in 5 0  ,ul or less  of TE buffer  was mixed 
with equal volume of 2x SMM so lu t ion  in a s t e r i l e  c u l tu re  tube. 0.5 ml 
p ro to p la s t  suspension was added, followed immediately by the addit ion 
of 1 . 5  ml of 40°/  (w/v) PEG so lu t ion .  The contents of the tube were 
gent ly  mixed. After two minutes exposure to PEG, 5 ml of SMMP medium 
was added to the mixture to  d i l u t e  the PEG, and p ro to p la s t s  were 
recovered by c en t r i fu g a t io n  for  10 min a t  2 , 0 0 0  xg. The t r e a t e d  
p ro to p la s t s  were resuspended in 1 ml SMMP and incubated for  1 . 5  h at 
3 0 ° c  in a gent le  shaking water bath to enable phenotypic expression 
of genet ic  determinants  c a r r i e d  by the plasmid. The p ro to p la s t  were 
then p la ted  onto a n t i b i o t i c  DM3 medium for d i r e c t  s e le c t io n  of
transformants .
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Selec t ion  of CGTase Producing Transformant

1. Ind ica to r  t e s t  (Park et al.,  1989)
A s ing le  transformant colony was inocula ted on PM-agar 

(see Appendix I for medium composition) contain ing appropria te  
a n t i b i o t i c s  and incubated at  3 7 ° c  for 7 2  h. CGTase producing 
transformant showed orange hollow area around the colony.

A l te rna t ive ly  a s ing le  transformant colony was inocula ted in 
PM-broth contain ing appropr ia te  a n t i b i o t i c s  and incubated at  3 7 ° c  for 
72h. CGTase producing transformant could change the color  of the 
cu l tu re  from red to orange.

2. Dextr iniz ing a c t i v i t y  t e s t  ( I E Method) (Fuwa,1954)
The transformants were fu r th e r  t e s t e d  for  d e x t r in iz in g  

a c t i v i t y .  A s ing le  transformant colony was inocula ted  on L-agar 
containing 1% so luble  s t a rch  and appropr ia te  a n t i b i o t i c s ,  and 
incubated at  37°c for  72 h. The c u l tu re  p l a t e s  were sprayed with 
I e so lu t ion  (0.02% w/v I E in 0.2% KI). CGTase producing transformant 
showed c le a r  zone around the colony.

A l te rna t ive ly  a s ing le  transformant colony was inocula ted 
in L-broth containing 1% so luble  s t a r c h  and appropr ia te  a n t i b i o t i c s ,  
and incubated at  3 7 ° c  for  7 2  h. The supernatant was separa ted  by 
c en t r i fu g a t io n  at  4 , 0 0 0  xg for  2 0  min. Then 100 ,«1 of supernatant was 
added to  0 . 3  ml of s ta rch  so lu t ion  ( 0 . 2 %  w/v potato  so luble  s t a rch  in
0.2 M phosphate bu f fe r ,  pH 6 . 0 )  and placed in 4 0 ° c  water bath.
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After 10 min, 4 i l  of 0.2 s HCl was added to stop reac t ion  and then 
0.5 ml of I e so lu t ion  (0.02% I E in 0.2% KD was added. The mixture was 
adjus ted to a f in a l  volume of 10 ml with d i s t i l l e d  water, and i t s  
absorbance at  600 nm was measured. For a contro l  tube, the supernatant 
sample was added a f t e r  adding HCl. One uni t  of enzyme was defined as 
the amount of enzyme which produced 10 % reduct ion in the in t e n s i t y  of 
the blue color of the s t a rch  iodine complex per min under the 
described condi t ions .

3. Cyclodextrin - t r i c h lo ro e th y le n e_____ ( CD-TCE ) complex
p r e c ip i t a t i o n  methods (Nomoto et al.,  1986)

The CGTase a c t i v i t y  was determined by the formation of 
c y c lo d e x t r in - t r i ch lo ro e th y len e  (CD-TCE) complex p r e c i p i t a t i o n .  The 
sample supernatant was successively  d i lu t e d  with 0.2 M phosphate 
buffer  pH 6.0  to obtain a s e r i e s  of d i lu t i o n  of 1:2".  One ml of 
each d i lu te d  so lu t ion  was mixed with 5 ml of a 2% so luble  s t a rch  
so lu t ion  prepared in the same b u f fe r ,  and the mixture was incubated 
at  40°c for 48 h. 1 ml of TCE vas added, mixed vigorously and 
l e f t  at  room temperature overnight.  The CD-forming a c t i v i t y  of 
CGTase is  expressed by the d i lu t i o n  l im i t  (1:2°) t h a t  is  capable
of producing a CD-TCE complex p r e c ip i t a t i o n .
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DNA-DNA Hybridizat ion

In p r in c ip l e ,  DNA was f ixed onto the membrane and then 
hybridized with the labeled probe. After washing out the non-specif ic  
binding of labeled probe, the hybr id iza t ion  of fixed-DNA and the 
labeled probe was de tec ted .  In t h i s  study DNA was labe led  using DNA 
labeling  k i t  from Boehringer Mannheim GmbH, Biochemica.

1. DNA labe l ing  and de tec t ion  with the DIG system
DIG DNA labeling  k i t  from Boehringer Mannheim GmbH, Biochemica 

was used in the experiment. The DIG System uses digoxigenin,  
a s t e r o id  hapten, to labe l DNA for hyb r id iza t ion  and subsequent 
de tec t ion .  DNA probes are labeled with DIG-ll-dUTP via  random 
primed labe l ing .  The DIG-labeled probes are hybridized to 
membrane-bound nucle ic  acid on a Southern b lo t .  The hybrid ized 
probes are immuno-detected with an a lka l in e  phosphate-conjugated a n t i -  
digoxigenin antibody and then v i sua l ized  with the chemiluminescent 
su b s t r a te  Lumigen™ PPD. The DIG system for  nucle ic  acid ana lys i s  
can be used for s ing le  copy gene de tec t ion  on Southern b lo t .

1 ,ug DNA template was heat-denatured in a bo i l ing  water bath 
for  10 min and immediately c h i l l e d  on ice bath for  1 min. 2 jul of 
hexanucleotide mixture (lOx), 2 JJ.1 of dUTP labe l ing  mixture and 1 ^1 
of Klenow enzyme (2U/^1) were added. The volume was made up to 20 ,«1 
by adding s t e r i l e d  d i s t i l l e d  water. The reac t ion  was mixed and 
incubated a t  3 7 ° c  for  20 h. 2 ^1 of 200 mM EDTA, pH 8.0 was added to
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te rminate  the reac t ion .  The labe led  DNA was p r e c ip i t a t e d  by adding 
0 . 1  volume of 4 M L i c l  and 2 . 5 - 3 . 0  volumes c h i l l e d  95% ehtanol ,  mixing 
well ,  incubating at  - 2 0 ° c  overnight and spinning at  5 , 0 0 0  xg for 
10 min. The DNA p e l l e t  was washed with 100 ^1 of c h i l l e d  70% ethanol ,  
dr ied  and resuspended in 5 0  f.<1 of TE buf fe r .  DNA labeled probe 
suspension was s tored  at  - 2 0 ° c .

The y ie ld  of DIG-labeled probe was est imated by do t -b lo t  
hyb r id iza t ion .  The i n t e n s i t i e s  of s igna l  from dots using DIG-labeled 
probe were compared with those of labeled contro l  DNA (5 ng of 
digoxigenin labe led  pBR322', a t  5000, 1000, 100, 1 and 0.1 pg/^1 
re spec t ive ly .

Two techniques of DNA-DNA hybrid iza t ion  were performed in 
t h i s  study, "dot b lo t  hybr id iza t ion"  and "Southern b lo t 
hyb r id iza t ion " .  These techniques consis ted  of the s teps  described 
below.

2. Fixing DNA onto the membrane
2.1 Dot-blot 1 Mé of chromosomal DNA Bacillus sp. All 

was denatured by incubating with 0.1 volume of denature so lu t ion  
( 4 M NaOH, 100 mH Na^EDTA > a t room temperature for 10 min and was 
spot ted  on a p o s i t i v e ly  charged nylon membrane.

DNA could be e f f i c i e n t l y  bound to the nylon membrane 
by i r r a d i a t i n g  with uv l ig h t  for 3-5 min, or baking in an oven at  80°c
for 2 h.
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The membrane could be used immediately for 
p rehybr id iza t ion ,  or could be s to red  dry at  room temperature for  
fu ture  use.

2.2 Southern-blot ( modified from Maniatis,  1982 ; 
Carte r ,  1991 ) 4 Mg of Bacillus sp. All DNA was completely d iges ted  
with r e s t r i c t i o n  endonucleases Bant HI, Hindi 11, ITcoRI, Pstl and 
p a r t i a l l y  d iges ted  with r e s t r i c t i o n  endonuclease Sau3AI in 60 ^1 
reac t ion  mixture at  37°c.  The d iges t s  were subjected to 0.7/4 agarose 
gel e le c t ro p h o res i s .  The gel was soaked with 250 mM HCl for 10 min, 
r insed  with d i s t i l l e d  water,  submerged in the denatur ing so lu t ion  
( 0.5  M NaOH, 1.5 M NaCl > with gent le  shaking for  45 min and r insed 
with d i s t i l l e d  water. Then, The gel was soaked with t r a n s f e r  
so lu t ion  (0.25  M NaOH, 1.5 M NaCl) for  15 min. The b lo t t i n g  apparatus 
was se t  up as shown in F i g . 2.1.  The re se rv o i r  was f i l l e d  with 
t r a n s f e r  so lu t ion .  A Whatman 3 MM f i l t e r  paper was prewetted wjth 
t r a n s f e r  so lu t io n ,  and placed over a g l a s s p la te  with the ends 
hanging down in to  the t r a n s f e r  so lu t ion  as a wick. All a i r  bubbles 
were pressed out.  The ge l ,  DNA side  down, was then placed on the 
prewetted f i l t e r  paper.  The nylon menbrane, soaked with the 
t r a n s f e r  buffer  for 1 min, was placed over the ge l .  Make sure th a t  
a l l  a i r  bubbles were removed. The membrane was covered with 3-4 
shee ts  of the t r a n s f e r  so lu t ion  wetted Whatman 3 MM f i l t e r  paper and 
then dry absorbent papers.  The b lo t t i n g  apparatus was then covered 
with a p l a s t i c  wrap. F ina l ly ,  about 0 .7 5 -1 .0  kg of weights were put on 
top to allow the c a p i l l a r y  t r a n s f e r  process to  proceed for  12-16 h.
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Figure 2.1 Southern t r a n s f e r  of DNA fragment

from an agarose gel onto nylon membrane.
(A) Pos i t ion  of a wick over a g l a s s p la t e .
(B> Gel is  placed on a wick.
(C> Schematic i l l u s t r a t i o n  of complete Southern 

b lo t t i n g  se t -up ,  (Devis et al.,  1986)
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The t r a n s f e r  so lu t ion  t r a n s f e r r e d  the DNA fragments from the gel 
d i r e c t l y  to the nylon membrane. After the t r a n s f e r  was completed, 
the membrane was removed, r insed in 5xSSC buffer  (750 mh \TaCl, 
75 mM sodium c i t r a t e ,  pH 7.0) for 1 min to  remove res idua l  agarose and 
d r ied  at  room temperature.

DNA could be e f f i c i e n t l y  bound to the nylon membrane 
by i r r a d i a t i n g  with uv l i g h t  for 3-5 min, or baking in an oven at  80°c  
for 2 h.

The membrane could be used immediately for 
p rehybr id iza t ion ,  or could be s to red  dry a t  room temperature for 
fu ture  use.

3. P rehybrid iza t ion  and hybrid iza t ion
Prehybrid iza t ion  is a s tep  to  prepare the membrane for probe 

hyb r id iza t ion .  I t  blocks non-spec i f ic  nucle ic  acid binding s i t e s  on 
the membrane in order to lower the background of hyb r id iza t ion .

The nylon membrane was submerged in a t  l e a s t  20 ml of 
s tandard p rehybr id iza t ion  so lu t ion  C5xSSC b u f fe r ,  l%(w/v> blocking 
reagent,  0.1% N-lauroylsarcosine  and 0.02% SDSI per 100 Cffi2 of 
membrane, and prehybrid ized at  65°c  for  a t  l e a s t  2 h before 
hyb r id iza t ion .

The probe (DIG-labeled probe I was d i lu t e d  in s tandard 
hyb r id iza t ion  so lu t ion  to  the f in a l  concentra t ion  of 5-10 ng/ml, 
heated in a bo i l ing  water bath for  10 min to denature the DMA and 
c h i l l e d  immediately on ice before use. The nylon membrane was removed
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from prehybr id iza t ion  so lu t ion ,  and placed in a hybr id iza t ion  bag. 
The hyb r id iza t ion  so lu t ion  contain ing the DIG-labeled probe was added. 
The required  amount of the hybr id iza t ion  so lu t ion  for a 8.5x10 cm 
nylon membrane was at  l e a s t  3 ml. The hybr id iza t ion  bag was sealed 
a f t e r  press ing out a l l  a i r  bubbles.  Then i t  was hybridized overnight 
a t  6 5°c .

At the end of the hyb r id iza t ion ,  the membrane was washed 
twice,  5 min per wash, in 2x wash so lu t ion  (2xSSC conta in ing o.rx SDS) 
at  room temperature.  Then the membrane was washed twice,  15 min per 
wash, in 0.5x wash so lu t ion  ( O.SxSSC contain ing 0.1% SDS ) at  6 5 ° c .

The hybrid iza t ion  so lu t ion  contain ing unannealed DIG-labeled 
probe was poured from the bag in to  a capped tube th a t  could stand 
freezing and bo i l in g .  The e n t i r e  so lu t ion  could be reused in fu ture  
hybr id iza t ion  experiments.  The tube was s to red  a t  - 2 0 ° c .  DIG-labeled 
probes s to red  in t h i s  manner were s t a b le  for at  l e a s t  1 year.  For 
reuse,  the so lu t ion  was thawed and denatured by heat ing .

4. Detection (Boehringer ,1993)
Detection of DIG-labeled nucleot ides  could be accomplished 

with a chemiluminescent or co lo r im e tr ic  reac t ion .  In t h i s  experiment, 
a th re e - s te p s  chemiluminescent de tec t ion  process was used. In the 
f i r s t  s tep ,  the membrane was t r e a t e d  with Blocking Reagent to  prevent 
non-spec i f ic  a t t r a c t i o n  of antibody to the membrane. Then, the 
membrane was incubated with d i l u t e  so lu t ion  of Ant i-digoxigenin Fab 
fragment conjugated to a lka l in e  phosphate. In the t h i r d  s tep ,  the
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membrane carry ing the hybridized probe and bound antibody conjugate 
was reac ted  with Lumigen™ PPD and exposed to X-ray film to record 
the chemiluminescent s igna l .

After hybr id iza t ion  and pos t -hyb r id iza t ion  wash, the membrane 
was e q u i l ib r a t e d  in Genius I buffer  (100 mM maleic acid ,  150 mM NaCl, 
pH 7.5) for 1 min. The membrane was blocked by gently  a g i t a t in g  in 
Genius II buf fe r  โ \%(พ/VI Blocking Reagent for  nucle ic  acid 
hybr id iza t ion  dissolved in Genius I buffer !  for 60 min. At the end of 
the blocking period,  the antibody so lu t ion  was prepared by d i lu t in g  
the ant i -DIG-alkal ine  phosphate 1:20,000 in Genius II bu f fe r .  
The Genius II buffer  was poured off and the membrane was incubated for 
30 min in the antibody so lu t ion .  This incubation was performed 
in p l a s t i c  t r a y  th a t  was a g i t a t e d  gent ly .  The membrane should 
always be covered with the antibody so lu t ion .  Then, the antibody 
so lu t ion  was discarded, and the membrane was gent ly  washed twice,  
15 min per wash, in Genius I b u f fe r .  At the end of the washing, the 
membrane was e q u i l ib r a t e d  in Genius I I I  buf fe r  (100 mM Tris-HCl, 
pH 9.5,100 mM \TaCl, 50 mM MgCle ) for  2 min and soaked in Lumigen™ 
PPD d i lu t e d  1:200 in Genius I I I  bu f fe r .  The membrane was placed in a 
p l a s t i c  bag, sealed , and incubated in the dark at  37°c for  1 h. 
X-ray film exposure was done in a c a s s e t t e  with two in tens i fy ing  
screens for  30-60 min at  room temperature.  The s igna l  i n t e n s i ty  could 
be adjus ted by decreasing or increasing the exposure t ime. The r e s u l t s  
were v i sua l ized  a f t e r  developing the film with developer and f ixe r
so lu t ions .
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