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APPENDIX A

1. In s tru m e n ts

1 .  W a t e r b a t h ,  G y r o m a x ™ 9 3 9 X L ,  A m e r e x  I n s t r u m e n t s ,  I n c ,  U S A .

2 .  M a g n e t i c  s t i r r e r / h o t  p l a t e  5 0 2 P - 2 ,  M e t t l e r  T o l e d o ,  U S A .

3 .  R e f r i g e r a t e d  c e n t r i f u g e  1 9 2 0 ,  K u b o t a ,  J a p a n .

4 .  L a m i n a r  f l o w ,  L a b  s e r v i c e ,  T h a i l a n d .

5 .  A u t o c l a v e  S S - 3 2 5 ,  T o m y ,  U S A .

6 .  p H  m e t e r  8 6 0 3 ,  M e t t l e r  T o l e d o ,  S w i t z e r l a n d .

7 .  4 - d i g i t a l  b a l a n c e  A G 2 0 4 ,  M e t t l e r  T o l e d o ,  U S A .

8 .  H i g h  P e r f o r a m n c e  L i q u i d  C h r o m a t o g r a p h y  ( H P L C ) ,  A g i l e n t ®  1 1 0 0 s e r i e s ,  

A g i l e n t  T e c h n o l o g y  L t d ,  U S A .

9 .  H o t  a i r  o v e n

1 0 .  I n c u b a t o r

1 1 .  R o t a r y  s h a k e r

1 2 .  M i c r o s c o p e ,  O l y m p u s  C H 3 0 ,  J a p a n .

1 3 .  S c a n n i n g  e l e c t r o n  m i c r o s c o p e

1 4 .  2 - d i g i t a l  b a l a n c e ,  M e t t l e r  T o l e d o ,  U S A .

1 5 .  2 - d i g i t a l  b a l a n c e  A G 2 0 4 ,  S a r t o r i u s ,  G e r m a n y .

1 6 .  D e e p  f r e e z e r ,  C F M 2 0 9 P 6 W 0 ,  W h i t e  C o n s o l  I d a t e d ,  U S A .

1 7 .  L y o p h i l i z e r ,  D u r a - d r y ,  U S A .

2. C h e m ic a l a g e n ts  and  e n z y m e s

1 .  S o d i u m  c a s e i n a t e

2 .  P o t a s s i u m  n i t r a t e  ( K N 0 3) ,  M a y  &  B a k e r ,  L t d . ,  D a g e n h a m ,  E n g l a n d .

3 .  S o d i u m  c h l o r i d e  ( N a C I )

4 .  C a l c i u m  c a r b o n a t e  ( C a C 0 3) ,  D i f c o ,  U S A .

5 .  D i p o t a s s i u m  h y d r o g e n  o r t h o p h o s p h a t e  ( K 2H P 0 4) ,  C a r l o ,  U S A .

6 .  M a g n e s i u m  s u l f a t e  ( M g S 0 4 . 7 H 20 ) ,  M e r c k ,  G e r m a n y .
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7 .  D i a m m o n i u m  s u l f a t e  ( ( N H 4) 2S O 4) ,  J . T . B a k e r  C h e m i c a l s  B . v .  D e v e n t e r ,  

H o l l a n d .

8 .  F e r r i c s u l f a t e  h e p t a h y d r a t e ( F e S 0 4 . 7 H 20 ) ,  M & B ,  T h a i l a n d .

9 .  ( M n c l 2 . 4 H 20 )

1 0 .  Z i n c s u l f a t e  h e p t a h y d r a t e  ( Z n S 0 4 . 7 H 20 ) ,  M & B ,  T h a i l a n d .

1 1 .  P o t a s s i u m h y d r o g e n p h o s p h a t e  t e t r a h y d r a t e  ( K 2H P 0 4 . 3 H 20 ) ,  M e r c k ,  

G e r m a n y .

1 2 .  C o p p e r s u l f a t e  p e n t a h y d r a t e  ( C u S 0 4 . 5 H 20 ) ,  M e r c k ,  G e r m a n y .

1 3 .  P h e n o l ,  C a r l o ,  U S A .

1 4 .  N , N - d i m e t h y l f o r m a m i d e ,  A j a x ,  A u s t r a l i a .

1 5 .  M a g n e s i u m c h o l r i d e  ( M g C I 2) ,  S i g m a ,  U S A .

1 6 .  D i s o d i u m d i h y d r o g e n e t h y l e n e d i a m i n e t e t r a a c e t a t e d i h y d r a t e  ( E D T A ) ,  C i c a  

K a n t o ,  J a p a n .

1 7 .  T r i s ,  W a k o ,  J a p a n .

1 8 .  L y s o z y m e ,  W a k o ,  J a p a n

3. L is t n a m e  o f te s te d  s tra in s

1 .  Escherichia coli A T C C  2 5 9 2 2

2 .  Pseudomonas aeruginosa A T C C  2 7 8 5 3

3 .  Bacillus subtilis A T C C  1 6 6 3 3

4 .  Staphylococcus aureus A T C C  6 5 3 8 P

5 .  Micrococcus luteus A T C C  9 3 4 1

6 .  Candida albicans A T C C  1 0 2 3 1

4. A n tib io tic s

1 .  N o v o b i o c i n . ,  s i g m a . ,  G e r m a n y

2 .  N i s t a t i n . ,  s i g m a . ,  G e r m a n y

3 .  S t r e p t o m y c i n . ,  s i g m a . ,  G e r m a n y
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5. M ed ia

1 .  S t a r c h ,  T h a i l a n d .

2 .  A g a r . ,  B e c t o n ,  D i c k i n s o n  a n d  C o m p a n y ,  F r a n c e .

3 .  G l u c o s e ,  S i g m a  C h e m i c a l  C o ,  U S A .

4 .  Y e a s t  e x t r a c t . ,  B e c t o n ,  D i c k i n s o n  a n d  C o m p a n y ,  F r a n c e .

5 .  M a l t  e x t r a c t ,  B e c t o n ,  D i c k i n s o n  a n d  C o m p a n y ,  F r a n c e .

6 .  O a t m e a l  a g a r ,  D i f c o ,  U S A .

7 .  S o l u b l e  s t a r c h . ,  D i f c o ,  U S A .

8 .  S k i m  m i l k . ,  D i f c o ,  U S A .

9 .  M u l l e r - H i n t o n . ,  D i f c o . . .

1 0 .  S a b o u r a u d  d e x t r o s e  a g a r . , . . . .

1 1 .  P e p t o n e  i r o n  a g a r ,  D i f c o ,  U S A .

1 2 .  N u t r i e n t  a g a r

1 3 .  C o l l o i d a l  c h i t i n

1 4 .  M e a t  e x t r a c t ,  M e r c k ,  G e r m a n y .

1 5 .  B a c t o  p e p t o n e

1 6 .  G l y c e r o l ,  C a r l o ,  U S A .

1 7 .  L - a r a b i n o s e ,  D i f c o ,  U S A .

1 8 .  D - x y l o s e ,  S i g m a ,  U S A .

1 9 .  M a n n i t o l ,  D i f c o ,  U S A .

2 0 .  F r u c t o s e ,  F l u k a ,  S w i t z e r l a n d .

2 1 .  S u c r o s e ,  M e r c k ,  G e r m a n y .

2 2 .  R h a m n o s e ,  D i f c o ,  U S A .

2 3 .  R a f f i n o s e ,  D i f c o ,  U S A .

2 4 .  T r y p t o n e ,  D i f c o ,  U S A .
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1. S ta rc h -c a s e in  n itra te  a g a r

S t a r c h 1 . 0 0 g
S o d i u m  c a s e i n a t e 0 . 0 3 g
k n o 3 0 . 2 0 g
A g a r 1 . 5 0 g
S e a  s a l t 1 0 0 m l

p H  7 . 0 - 7 . 4

2. Y e a s t e x tra c t-m a lt e x tra c t a g a r (Y M A ), IS P  m e d iu m  n o .2

G l u c o s e 0 . 4 0 g
Y e a s t  e x t r a c t 0 . 4 0 g
M a l t  e x t r a c t 1 . 0 0 g
A g a r 1 . 5 0 g
D i s t i l l e d  w a t e r 1 0 0 m l

p H  7 . 3

3. O a tm e a l a g a r, IS P  m e d iu m  n o .3

O a t m e a l  a g a r  ( D i f c o ) 1 . 8 0 g
D i s t i l l e d  w a t e r 1 0 0 m l

p H  7 . 2

4 . In o rg a n ic  s a lt-s ta rc h  a ga r, IS P  m e d iu m  no .4

S o l u b l e  s t a r c h  ( D i f c o ) 1 0 . 0 0 g
K 2 H P 0 4 ( a n h y d r o u s ) 1 . 0 0 g
M g S 0 4 . 7 H 20 1 . 0 0 g
N a C I 1 . 0 0 g
( N H 4) 2S 0 4 2 . 0 0 g
C a C 0 3 2 . 0 0 g
P r i d h a m  a n d  G o t t l i e b  t r a c e  s a l t  ( A ) 0 . 1 0 g
A g a r 1 . 5 0 g

1 0 0  m lD i s t i l l e d  w a t e r



p H  7 . 0 - 7 . 4

Pridham and gottlieb trace salt (A)
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F e S 0 4 . 7 H 20 0 . 1 0 g
M n c l 2 . 4 H 20 0 . 1 0 g
Z n S 0 4 . 7 H 20 0 . 1 0 g
D i s t i l l e d  w a t e r 1 0 0 m l

G ly c e ro l-a s p a ra g in e  a ga r, ISP m e d iu m  n o .5

L - a s p a r a g i n e  ( a n h y d r o u s  b a s i s ) 0 . 1 0 g
G l y c e r o l 1 . 0 0 g
K 2H P 0 4 ( a n h y d r o u s  b a s i s ) 0 . 1 0 g
P r i d h a m  a n d  G o t t l i e b  t r a c e  s a l t  ( A ) 0 . 1 0 g
A g a r 1 . 5 0 g
D i s t i l l e d  w a t e r 1 0 0 m l

T y ro s in e  a g a r, IS P  m e d iu m  n o .7

G l y c e r o l 1 . 5 0 g
L - T y r o s i n e 0 . 0 5 g
L - A s p a r a g i n e 0 . 1 0 g
K 2 H P 0 4 . 7 H 20  ( a n h y d r o u s  b a s i s ) 0 . 0 5 g
M g S 0 4 . 7 H 20 0 . 0 5 g
N a C I 0 . 0 5 g
F e S 0 4 . 7 H 20 0 . 0 1 g
P r i d h a m  a n d  G o t t l i e b  t r a c e  s a l t  ( A ) 0 . 1 0 m l

A g a r 1 . 5 0 g
D i s t i l l e d  w a t e r 1 0 0 m l

p H  7.2-7A

7. C a rb o n  u tiliz a tio n  te s t m ed iu m , IS P  m e d iu m  n o .9

1 . 0 0  g

Basal mineral salt agar 
C a r b o h y d r a t e
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( N H 4) 2 s o 4 0 . 2 6 4 9

K 2 H P 0 4 ( a n h y d r o u s ) 0 . 2 3 8 9

K 2 H P 0 4 . 3 H 20 0 . 5 6 5 9

M g S 0 4 . 7 H 20 0 . 1 0 9

P r i d h a m  a n d  g o t t l i e b  t r a c e  s a l t  ( B ) 0 . 1 0 m l

A g a r 1 . 5 0 9

D i s t i l l e d  w a t e r 1 0 0 m l

p H  6 . 8 - 7 . 0

Pridham and Gottlieb trace salt (B)
C u S 0 4 . 5 H 20 1 . 0 0 9

F e S 0 4 . 7 H 20 0 . 1 1 9

M n C I 2 . 4 H 20 0 . 7 9 9

Z n S 0 4 . 7 H 20 0 . 1 5 9

D i s t i l l e d  w a t e r 1 0 0 m l

S k im  m ilk

S k i m  m i l k  ( D i f c o ) 1 0 . 0 0 9

D i s t i l l e d  w a t e r 1 0 0 m l

M u lle r-H in to n  m e d iu m  (M H A )

M u l l e r - H i n t o n  ( D i f c o ) 3 . 4 0 9

D i s t i l l e d  w a t e r 1 0 0 m l

p H  7 . 3

10. S a b o u ra u d ’s d e x tro s e  a g a r (S D A )

S a b o u r a u d  d e x t r o s e  a g a r 3 . 0 0 9

D i s t i l l e d  w a t e r 1 0 0 m l

p H  5 . 6 - 5 . 8

11. S e e d  m e d iu m

0 . 4 0  gY e a s t  e x t r a c t
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G l u c o s e 0 . 4 0 g
M a l t  e x t r a c t 1 . 0 0 g
D i s t i l l e d  w a t e r 1 0 0 m l

p H  7 . 3

12. P ro d u c tio n  m e d iu m

Y e a s t  e x t r a c t 0 . 4 0 g
G l u c o s e 0 . 4 0 g
M a l t  e x t r a c t 1 . 0 0 g
C a C 0 3 0 . 1 0 g
D i s t i l l e d  w a t e r 1 0 0 m l

p H  7 . 3

13. P e p to n e -y e a s t e x tra c t iron  a g a r

P e p t o n e  i r o n  a g a r  ( D i f c o ) 3 . 6 0 g
Y e a s t  e x t r a c t 0 . 1 0 g
D i s t i l l e d  w a t e r 1 0 0 m l

p H  7 . 0 - 7 . 2

14. N u tr ie n t a g a r (N A )

N u t r i e n t  a g a r  ( D i f c o ) 2 . 3 0 g
D i s t i l l e d  w a t e r 1 0 0 m l

15. C o llo id a l ch itin  a g a r

C o l l o i d a l  c h i t i n 0 . 1 0 - 0 . 2 5 g
A g a r 1 . 5 0 g
D i s t i l l e d  w a t e r 1 0 0 m l

16. B a sa l m e d iu m

G l u c o s e 1 0 . 0 0 g
M g S 0 4 . 7 H 20 0 . 5 0 g
N a C l 0 . 5 0 g
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F e S 0 4 . 7 H 20 0 . 0 1 g
« 2แ  P 0 4 1 . 0 0 g
A g a r 1 2 . 0 0 g
D i s t i l l e d  w a t e r 1 0 0 0 m l

p H  7 . 0

N itra te  a g a r

B e e f  e x t r a c t 3 . 0 0 g
B a c t o  p e p t o n e 5 . 0 0 g
k n o 3 2 . 0 0 g
A g a r 5 . 0 0 g
D i s t i l l e d  w a t e r 1 0 0 m l

p H  7 . 0

A l l  m e d i a  w e r e  s t e r i l i z e d  เท a n  a u t o c l a v e  (121°c, 1 5  l b / i n c 2 ) f o r  1 5  m i n u t e s  

e x c e p t  c a r b o n  u t i l i z a t i o n  t e s t  m e d i a  w h i c h  w e r e  s t e r i l i z e d  a t  121°c, 10 l b / i n c 2 f o r  10 
m i n u t e s .
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APPENDIX B

REAGENTS AND BUFFERS

1. 6N  HCI

C o n e .  H C I  6 0  m l

D i s t i l l e d  w a t e r  6 0  m l

A d d  c o n e .  H C I  i n t o  t h e  d i s t i l l e d  w a t e r

2. N in h y d rin  s o lu tio n

N i n h y d r i n  0 . 3 0  g

1 - B u t a n o l  1 0 0  m L

G l a c i a l  a c e t i c  a c i d  3  m L

3. N itra te  re d u c tio n  te s t re a g e n t

Sulphanilic acid solution
S u l p h a n i l i c  a c i d  0 . 8 0  g

5 N  a c e t i c  a c i d  1 0 0  m L

D i s s l o v e  b y  g e n t l e  h e a t i n g  เท a  f u m e  h o o d  

A / , A / - d i m e t h y l - 1  -naphthylamine solution
N,N-6\metlny\-'\-naphthylamine 0 . 5 0  g

5 N  a c e t i c  a c i d  1 0 0  m L

D i s s l o v e  b y  g e n t l e  h e a t i n g  i n  a  f u m e  h o o d

A d d i n g  t w o  d r o p s  o f  s u l p h a n i l i c  a c i d  s o l u t i o n  a n d  3  d r o p s  o f  N,N- 
d i m e t h y l - 1 - n a p h t h y l a m i n e  s o l u t i o n  i n t o  n i t r a t e  a g a r  i n o c u l i n g  w i t h  t h e  t e s t  

m i c r o o r g a n i s m s .

4. P h e n o l: C h lo ro fo rm  (1:1 v / v )

C r y s t a l l i n e  p h e n o l  w a s  l i q u i d i f i e d  เท w a t e r  b a t h  a t  6 5 ° c  a n d  m i x e d  w i t h  

c h l o r o f o r m  in  t h e  r a t i o  o f  1 :1 ( v / v ) .  T h e  s o l u t i o n  w a s  s t o r e d  i n  a  l i g h t  t i g h t  b o t t l e .

4. P h e n o l: C h lo ro fo rm  (1:1 v / v )
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5. 0 .5M  E D T A  (pH  8 .0 )

8 0 0  ท าL o f  d i s t i l l e d  w a t e r ,  1 8 6 . 1  g  o f  d i s o d i u m  e t h y l e n e d i a m i n e t e t r a a c e t a t e . 2 H 20  

w a s  a d d e d  a n d  s t i r r e d  v i g o r o u s l y  o n  a  m a g n e t i c  s t i r r e r .  T h e  p H  w a s  a d j u s t  t o  8 . 0  w i t h  

N a O H  ( 2 0  g  o f  N a O H  p e l l e t s ) .  T h e  v o l u m e  w a s  a d j u s t e d  t o  1 l i t r e .  T h e  s o l u t i o n  w a s  

d i s p e n s e d  i n t o  a l i q u o t s  a n d  s t e r i l i z e d  b y  a u t o c l a v i n g  f o r  1 5  m i n u t e s  a t  1 5  l b / i n 2 .

6. 3M  s o d iu m  a c e ta te  p H 5 .2

T o  8 0 0  o f  d i s t i l l e d  w a t e r ,  4 0 8 . 1  g  o f  s o d i u m  a c e t a t e  w a s  a d d e d  a n d  a d j u s t e d  t h e  

p H  t o  5 . 2  w i t h  g l a c i a l  a c e t i c  a c i d .  T h e  v o l u m n  w a s  a d j u s t  t o  1 l i t r e .  T h e  s o l u t i o n  w a s  

d i s p e n s e d  i n t o  a l i q u o t s  a n d  s t e r i l i z e d  b y  a u t o c l a v i n g  f o r  1 5  m i n u t e s  a t  1 5  l b / i n 2 .

7. 10%  S o d iu m  d o d e c y l s u lp h a te  ( ร อ ร )

T h e  s t o c k  s o l u t i o n  o f  1 0 %  S D S  w a s  p r e p a r e d  b y  d i s s o l v e d  1 0  g  o f  s o d i u m  

d o d e c y l  s u l p h a t e  i n  1 0 0  m L  s t e r i l i z e d  d i s t i l l e d  w a t e r ,  s t e r i l i z a t i o n  i s  n o t  r e q u i r e d  f o r  t h e  

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

8. 2 0 x ssc
3 M  N a C I

0 . 1  M  T r i - s o d i u m c i t r a t e

T h e  2 0 x  s s c  w a s  a d j u s t e d  t h e  p H  7 . 0  w i t h  1 N  N a O H .  T h e  s o l u t i o n  w a s  

s t e r i l i z e d  b y  a u t o c l a v i n g  f o r  1 5  m i n u t e s  a t  1 5  l b / i n 2 .

9. 1M T ris -H C I pH  8 .0

T h e  1 M  T r i s  w a s  p r e p a r e d  b y  d i s s o l v i n g  1 2 . 1  g  o f  T r i s  b a s e  i n  8 0 0  m L  o f  d i s t i l l e d  

w a t e r .  T h e  p H  w a s  a d j u s t e d  t o  t h e  d e s i r e d  v a l u e  b y  a d d i n g  c o n e .  H C I  ( p H  8 . 0 ,  4 2  m L 

o f  H C I ) .  T h e  s o l u t i o n  w a s  c o o l e d  t o  r o o m  t e m p e r a t u r e  b e f o r e  m a k i n g  f i n a l  a d j u s t m e n t  t o  

t h e  d e s i r e d  p H .  T h e  v o l u m n  o f  t h e  s o l u t i o n  w a s  a d j u s t e d  t o  1 l i t t e r  w i t h  d i s t i l l e d  w a t e r  

a n d  s t e r i l i z e d  b y  a u t o c l a v i n g .

10. R N a s e  A  s o lu tio n

R N a s e  A  2  m g

0 . 1 5  M  N a C I 10 m L
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D i s s o l v e d  2 0  m g  o f  R N a s e  A  in  1 0  m L  0 . 1 5  M  N a C I  a n d  h e a t  a t  9 5 ° c  f o r

5 - 1 0 m i n u t e s .  K e e p  R N a s e  A  s o l u t i o n  i n  -20°c.

11. R N a s e  ■ไ' 1 s o lu tio n

R N a s e  T 1 8 0  | I L

0 . 1  M  T r i s - H C I  p H  7 . 5  1 0  m L

M i x  8 0  | T L  o f  R N a s e  ใ■ 1 i n  1 0  m L  o f  0 . 1  M  T r i s - H C I  p H  7 .5  a n d  h e a t  a t  

9 5 ° c  f o r  5 m i n .  K e e p  R N a s e  T 1 s o l u t i o n  i n  - 2 0 ° c .

12. P ro te in a s e  K

P r o t e i n a s e  K  4  m g

5 0 m M  T r i s - H C I  p H  7 . 5  1 m L

U s e  f r e s h l y  p r e p a r e d  s o l u t i o n

13. N u c le a s e  p , s o lu tio n

N u c l e a s e  p 1 0 . 1  m g

4 0  ท าM  C H 3C O O N a + 1 2 m M  Z n S 0 4 ( p H 5 . 3 )  1 m L

S t o r e  a t  4 ° c

14. A lk a lin e  p h o s p h a ta s e  so lu tio n

A l k a l i n e  p h o s p h a t a s e  2 . 4  u n i t s

0 . 1  M  T r i s - H C I  ( p H 8 . 1 )  1 m L

15. 0.1 M T ris -H C I b u ffe r, pH  9

T r i s  1 . 2 1  m g

D i s t i l l e s  w a t e r  1 0 0  m L

16. T E  b u ffe r

1 0  m M  T r i s  H C l  ( p H 8 . 0 )  

1 ท าM  N a 2- E D T A  ( p H 8 . 0 )
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17. T E  b u ffe r  + R N a s e  A

T E  b u f f e r 9 6 0 m L

R N a s e  A  ( 2  m g / m L ) 1 0 0 H -L

18. S a lin e -N a 2 E D T A

0 . 1  M  N a C I

5 0  m M  E D T A . 2 N a  ( p H  8 . 0 )

19. E th id iu m  b ro m id e  s o lu tio n  (10  m g /m L )

T h e  E t h i d i u m  b r o m i d e  s o l u t i o n  w a s  p r e p a r e d  b y  d i s s o l v i n g  1 g  o f  e t h i d i u m  

b r o m i d e  i n  1 0 0  ทาแ  o f  d i s t i l l e d  w a t e r .  T h e  s o l u t i o n  w a s  s t o r e d  i n  l i g h t - t i g h t  c o n t a i n e r  a t  

r o o m  t e m p e r a t u r e .

20. G e l lo a d in g  b u ffe r

0 . 0 2 5  g  o f  b r o m o p h e n o l  b l u e  w a s  d i s s o l v e d  i n  2 0  m L  o f  1 5 %  g l y c e r o l .

21. T r is -b o r ic  E D T A  (T B E ) b u ffe r

1 x T B E  b u f f e r  w a s  u s e d  a s  a n  e l e c t r o p h o r e s i s  b u f f e r  t h r o u g h o u t  t h e  s t u d y .  T h e  

w o r k i n g  s o l u t i o n  o f  1 x T B E  b u f f e r  w a s  p r e p a r e d  f r o m  s t o c k  s o l u t i o n  o f  5 x T B E  b u f f e r ,  a s  

f o l l o w e d .

T r i s - b a s e 5 . 4 g
B o r i c  a c i d 2 . 7 5 g
N a 2- E D T A 0 . 4 7 g
D i s t i l l e d  w a t e r 1 0 0 m L

22. A g a ro s e  ge l

A g a r o s e 1 . 6 g
1 x T B E  b u f f e r 2 0 0 m L



APPENDIX c

Primers and nucleotide sequences of the PCR amplified 16S rDNA

1. L is t o f  p r im e rs  fo r  1 ธ ร  rD N A  P C R  a m p lific a tio n  and  s e q u e n c in g

2 7 F  5 ’- G T T T  G A T  C C T G G C T  C A G - 3 ’

5 3 0 F  5 ' - G T G C C A G C [ C / A ] G C C G C G G - 3 '

1 1 1 4 F  5 ' - G C A A C G A G C A G A A C C C - 3 '

3 5 7 R  5 ' - C T G C T G C C T C C C G T A T

8 0 2 R  5 ' - T A A A C C A G C T G G T T T A C T T G G A A C A G T T T T T A A C A T T G T T - 3 '

1 1 1 5 R  5 -A G G G T T  G C G C T C G TTG -3 '

1541R 5'-AAGGAGGTGATCCAGCC-3’



I l l
2. Nucleotide sequences of the PCR amplified 16S rDNA

P C R  a m p lifie d  16S  rD N A  n u c le o tid e  s e q u e n c e  o f S A M 2-1  (1 ,5 4 0  bp )

TCTCCATAAAAAAATTTTTGTTCCAGACCGCCCGATTGAATTTGATCCTGGCTCAGGACGAACGCTGGC
GGCGTGCTTAACACATGCAAGTCGAACGAAGAAATCCGCTTCGGTGGTGGATTAGTGGCGAACGGGTGA
GTAACACGTGGGCAATCTGCCCTTTCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATACC
ACTTCGTCCCGCATGGGACGGGGTTGAAAGCTCCGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTG
TTGGTGGGGTAATGGCCTACCAAGGCGACGACGGGTAGCCCGCCCTGAGAGGGCGACCGCCCACACGGG
GACTGAGACACGGCCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCT
GATGCAGCGACCCCCCCTGAAGGGATAACGCCCTTCGGGGTTGTAAACCTCTTTTCAGCAGGGAAGAAG
CGCAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
CGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCACGTCGGATGTGAAAGC
CCGGGGCTTAACCCCGGGTCTGCATTCGATACGGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCC
TGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTA
CTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACCAGGAATAGATACCCTTGGTAGTCCACCCCGTAAA
CGTTGGGAAATAGGTGTTGGGCGACATTTCCACGTCGTCGGTGCCCGCAGCTAACGCATTAAGTTCCCC
GCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCA
TGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATATACCGGAAAGCATCAGAGAT
GGTGCCCCCCTTGTGGTCGGTATACAGGTGGTGCATGGCTGTCGAAAACAGCTCGTGGAGTGAAGATGT
TGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTCTGTGTTGCCAGCATGCCCTTCGGGGTGATGGGGA
CTCACAGGAGACTGCCGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGT
CTTGGGCTGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATGCCGCGAGGCGGAGCGAATCTCA
AAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTTGCTAGTAATCGC
AGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCG
GTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGGCTGTCGAAGGTGGGACTGGCGATTGG
GAAAATCCTTAGGAACCTACCG

P C R  a m p lifie d  16S  rD N A  n u c le o tid e  s e q u e n c e  o f B 15 -4 -1  (1 ,5 0 2  bp )

TTTGAGTTTATGTACCCCTGGCTCCAGGACGAACGCTGGCGGCGTGCTTAACCACATGCCAAGTCCAAC
GATGAAGCCCCTTCCGGTGGTGGATTTAGTGCCGAACGGGTGAAGTAACACGTGGCCAATCTGCCCTTC
ACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATAATACTCCCTCCCTGCATGGGTGGGGGTT
GAAAGCTCCCGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAG
GCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAAACACGGCCCCAGACTCCT
ACGGGAGGCAGCAGTGGGGAATATTCCACAATGGGCGAAAAGCCTGATGCAGCGACCCCGCGTGAGGAA
TAACGCCTTCCGGGTTGTAAACCTCTTTTCAGCAGGGAAGAAGCCCAAGTGACGGTACCTGCAGAAGAA
GCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGG
CGTAAAGAGCTCGTAGGCGGCTTGTCACGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCATT
CGATACGGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATA
TCCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTGAGGAGCGAAAGCGTGG
GGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGTTGGGAACTAGGTGTGGGCGACATT
CCACGTCGTCGGTGCCGCAGCTAACGCATTAAAGTTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAA
CTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAA
CCTTACCAAGGCTTGACATATATCGGAAAGCATCAGAGATGGTGCCCCCCTTGTGGTCGGTATACAGGT
GGTGCATGGCGGTCGAAACAGCTCGTAGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT
TGTTCTGTGTTGCCAGCATGCCTTTCGGGGTGATGGGGACTCACAGGAGACTGCCGGGTCAACTCGGAG
GAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGG
TACAATGAGCTGCGATGCCGTGAGGCGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCT
GCAACTCGACCCCATGAAGTCGGAGTTGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCC
CGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCAACCCCT
TGTGGGAGGGAGCTGTCGAAGGTGGGACTGCCGATTGGGGAAAATCCTTGAGGA



PCR amplified 16S rDNA nucleotide sequence of SMP3-1 (1,070 bp)
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ATAGCCACACAAGCCAGCGTTGATCCGGAATTATTGGGCGCTAAAGAGCTCGTAGGCGGCTTGTCGTCG 
GTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAG 
ATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCT 
CTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCA 
CGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCCACGTTGTCCGTGCCGCAGCTAACGATTAAGT 
GCCCCGCCTGGGGAGTACGGCCGCAAGAGTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCG 
GACATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGAAAGCATCAG 
AGATGGTGCCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCTGTCGTGAGATGTT 
GGTTAATCCCGCAACGAGCGCAACCCTTGTACCCGTGTTGCCAGCAACTCTTCAGAAGGTTGGGGACTC 
ACGGGAGACCGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCT 
TGGGCTGCACACGTGCCTACAATGGTCCGGTACAATTGAGCTGCGATACCCGCATAGATGGAGCGAATC 
TCAATAAAGCCGGTCCTCAGTTTCGGAATTGGGGTCTGCAACTCGACCCCATGAAAATCCGAATCGCTA 
GTAATCGAAAATCAGCATTGCTGCAGATGAATACATTCCCGGGCCTTGTACACACCGCCCGTCACGTCA 
CGAAAGTCGGTAACACCCGAAAGCCAGTGGCCCAACCCCTTGTGGGAAAGAAGCTAGTCGAAGGTGGGA 
CTGGCGATTGGGACATAAGTCGTAACAAGGTAACCGTAAATTATTCACAACAGTATATCCGTGTACTTT 
CAATTTTACAGGAAACATTTCATGTTATTATATTC

P C R  a m p lifie d  16S  rD N A  n u c le o tid e  s e q u e n c e  o f D 10-1  (1 ,5 4 2  bp )

TTTGAGTTTTGTCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAC
CACTTCGGGTGGGGATTAAGTGGCGAAACGGGTGAATAAACACGGTGGCCAATCTCCCCTTGCACTCTG
GGACAAGCCCTGGAAAACGGGGTTCTAATACCGGAATACTGACCTTCACGGGCATTCTGTGAGGGTCAA
AAGCTCCGGGCGGTGCAGGATGAACCCCGCCGCCTTATCAACTTTGTTGGGTGAGGAAACGGCTCACCC
AAGGCGAACGACGGGTAGCCGGCCTTGAGAGGGCGACCGCCCAACACTGGAAATGAGACACGGCCCCAG
ACTCTTACGGGAGGCAGCAGTGGGGAATATTCCACAATGGGGAAACCCTGATGCAGCGACCCCCGCCTT
GAGGGATGACCGCCTTTCGGGTTGTAAACCTCTTTNCACCAGGGAAGAAAGCAAAAGTGACGGTACCTT
GCAAAAAAAGCGCCGGCTAACTTACGTCCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGA
AATTATTGGGCGTAAAAGAGCTCGTAGGCGGCTTGTCACGTCGGTTGTAAAAGCCCGGGGCTTTAACCC
CGGGTCTGCAGTCGATACGGCCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCCTGGTGTAGCGGTG
AAATGTCGCAGATATGCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGCCCTTTGGAAACCTCACG
TTGAGGAGCGAAAGCGTGGTCGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGG
GCACTAGGTGTGGGCAACATTCCACGTTGTCCGGTCCCGCAAGCTTAACGCCCATTAAAGTGCCCCCCC
CTGGGGAGTACCGCCCCCCCAAGGCNTAAAACTTCAAAGGAATTGACGGGGGCCCCGCCACAAGCGGCG
GAAGCATGTTGGCTTAATTCGGACCCAACCGCGAAGAACCCTTTACCAAGGCTTAACAAACACCGGAAA
ACGTCCAAAAGATGGGCCCCCCCTTGGTGGTCGGTGTACAGGTGGGTGCATGGCTGTCGTAAGCTCCTG
TCGAAAGATGTTGGTATCAAACCCGCAACGAGCCCAACCTTTTCCGTGTTGCCAGCAGCCCTTTGTGGT
GCTGGGGACTCACGGGAGACCGCCGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCC
CCTTATGTTTTGGGCTGCACACGTTGCTACAATGGCCGGTACAATGAGCTGCGATACCGCAAGGTGGAG
CGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCT
AGTAATCCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTC
ACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGGTGTCGAAGGTGGACTG
CCCTTGGAAACCCTTGAGATTTCG
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P C R  a m p lifie d  16S  rD N A  n u c le o tid e  s e q u e n c e  o f  D 1 0 -5  (1 ,411  bp )

CCCCTTTCGGGCGGAATAATTACCCTTCGGTTTAAAACTTGTTGGATGCGCCAGAATTAAAAGGGGGCG
CGAAAGAAGATGGGGGGATATGACCGGCAGGGGTTAAGGTTGGGGGGTCGGTCGTCCCAAAATAGCCGG
GGGGGTCATGGGGGGGGAAATCCTCACCAAAACCACGACGCTTAGCCGCCCTTAGAGGGCGACCGCCCA
CACTGTGATTGAGACACGGCCCATCTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAA
gcctgatgcaagcgaaccgccgcgtgagggatgacggccttcgggttgtaaacctctttccagcaggga
AGAAGCGAAAGTGACGGTACCTCCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACG
TAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCGCGTCGGTTGTG
AAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGA
ATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGC
CTAGGCAACCTACTTGAAGCTCCACCGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTA
gtccacgccgtaacggtggccctaggtgtgggcaacattccacgttgttccgtgcccgccagctaaacg
CATTAAAGTCCCCCCCCCTGGGGAGTACGGCCCCCAAGGGCTAAAACTCAAAGGAATTGACGGGGGCCC
GCCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCG7\AGAACCTTACCAAGGCTTGACATACA
CCGGAAAGCATCAGAGATGGTGCCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTGCGTAAGCT
CGTGTCGTGAGAATGTTTGGATCTAAGTCCCCGCAACGAGCGCAACCCTTGTCCCGTGTTCCCAGCAAC
TCTTCGGAGGTTGGGGACTCCACGGGAGACCGCCGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAG
TCATCATGCGCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATACCGC
AAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTC
GGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCC
GTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGCTGTCGAAG
GTGGGACTCGCTTGAATCCTTTGAGCCCCCC

P C R  a m p lifie d  16S  rD N A  n u c le o tid e  s e q u e n c e  o f J8-1 (1 ,0 8 8  bp)

TTTGAGTTTTGTCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAT
CCGGTTTTCGGCCGGGGGATTTAGTGGGCGAACGGGTTGAGTAACACGTGGGGCAATCTGCCCCTGCAC
TCTTGGGAACAAGCCCCTGG7\AACGGGGGTCTAATACCGGGATAAGGACTGCCGGACCCCATGGTCTGG
TGGTGGAAAAAGCTCCGGCGGGTGCAGAATGAACCCCGCGGCCTTATCAGCTTGTGGGTGGGGGTGATG
CCCTACCAAGGCGACGACGGGTAGCCGCCCTGAGAGGGCGACACGCCCCCACTTGGGAATGAGACACGG
CCCCAGACTCTTACGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACCCC
CGCGTGAGGAATGACGCCCTTCGGGTTGTAAACCTTCTTTCACCAGGAAAGAAGCGTGAGTGACGGTAC
CTGCAGAAGAAGCGCCGGCTAATTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCG
GAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCGCGTCGGATGTGAAAGCCCGGGGCTTAACTCC
GGGTCTGCATTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAA
ATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGGTAAACGCTGAG
TGAGCGAAAGCGTGGGTTGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGTTGGGAAC
TAGGTGTGGGCGACATTCCACGTTGTCCGTGCCGCAGCT71ACGCATTAAGTTCCCCGCCTGGGGAGTAC
GGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTC
GACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGAAACATCCAGAGATGGGTGCCCCCTTG
TGGTCGGTGTACAGGTGGTGCATGGCTGTGGTAAGCTCTCGGAAATTTGGTAT
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TTTGAGTTTTGTCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAC
CACTTCCGTGGGGATTAGTGCCGAACGGGGTGAGTAACACGTGGGCAATCTCCCCTTCCACTCTGGGAC
AACCCCTGGAAACGGGGTCTTAATACCGAATAACCACTGCGGATCGCATGGTCTGCGGTTAAAAGCTCC
GGCGGTGAAGGAAGAGCCCGCGCCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCGACGACGG
GTAGCCGCCCTGAGAGGGCGACACGCCCACACTGGAATTGAGACACGGCCCAGACTCTTACGGGAGGCA
GCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGAAAGCGAACCCCGCCTGAAGGAATAACGGCC
TTCGGGTTGTAAACCTTCTTTCAGCAGGGAAGAAAGCAAAAGTGACGGTACCTGCAAAAGAAGCGCCGG
CTAAATTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAA
GAGCTCGTAGGCGGCTTGTCACGTCGATTGTGAAAGCCCGAGGCTTAACCTCGGGTCTGCAGTCGATAC
GGGCTAGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGA
GGAACACCGGTGGCGAAGGCGGATCTCTGGGCCTTGATAACTGACTGCCTTGAGGACTCCGCGAAAGCG
TGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAAC
ATTCCACGTTGTTCCCGTGCCCCCAAGCTAACGCCATTAAAGTGCCCCCCCCTGGGGGAGTACGGCCCG
CAAGGCTTAAAACTCAAAGGAATTGAGCGGGGGCCCCGCAACAAGCGGGCGGAAGCATGTGGCTTAATT
CGGACCGCAACGCGGAAGAACCTTTACCCAAGGCTTGAACATACACCGGAAAAGCATCAGAGATGGTGC
CCCCCTTTGTGGTCGGTGTACCAGGTGGTGCATGGCCTGTCGTAACCTCGTGTCGGTAAGATGTTGGTA
TTAATTCCCGCAACGAGCGCAACCTTTGTCCCGTGTTGCCAGCAGGCCCTTGTGTGTGGGGACTCACGG
GAGACCCCGGGGTCAACTCGGAGG7VAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGC
TGCACACGTGCTACAATGGCCGGTACAATGAGTTGCGATACCGTGAGGTGGAGCGAATCTCAAAAAGCC
GGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAG
CATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACAC
CCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGTGTCGAAGGTGGACTCGCTTTGGAATCCCTTTGA
GAGCCCCCCC
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M i s s  S i r i k a n  H u n a d a n a m r a  w a s  b o m  o n  A p r i l  1 4 ,  1 9 8 2  i n  U d o n t h a n i ,  T h a i l a n d .  

S h e  r e c e i v e d  h e r  B a c h e l o r ' s  d e g r e e  o f  S c i e n c e  i n  B i o l o g y  i n  2 0 0 3  f r o m  t h e  F a c u l t y  o f  

S c i e n c e ,  M a h i d o l  U n i v e r s i t y ,  T h a i l a n d .  A t  p r e s e n t ,  s h e  i s  a  f a c u l t y  m e m b e r  i n  M a s t e r ’s  

d e g r e e  o f  t h e  F a c u l t y  o f  S c i e n c e ,  C h u l a l o n g k o r n  U n i v e r s i t y ,  B a n g k o k ,  T h a i l a n d .
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