
CHAPTER III 

EXPERIMENT

1. Sample collection, isolation and primary screening of actinomycètes

1.1 Sample collection and isolation of strains
N i n e t y  e i g h t  s o i l  s a m p le s  c o l l e c t e d  a t  3 -8  c e n t i m e t e r  d e e p  ( T o r t o r a  e t  a l ,  1 9 9 5 )  o f  

n a tu r a l  s o i l s  s u c h  a s  f o r e s t  s o i l  a n d  m o u n ta in  s o i l  i n  C h ia n g r a i ,  N a n ,  P h a t th a lu n g ,  S a tu n ,  

S o n g k h la ,  C h a iy a p h u m ,  a n d  T r a t  p r o v in c e s ,  T h a i l a n d  ( T a b le  4 .1 )  w e r e  p r e s e r v e d  a t  4  ° c  u n t i l  

t h e  p r o c e s s  o f  i s o l a t i o n .  A  1 .0  g  o f  e a c h  s o i l  s a m p le  w a s  s u s p e n d e d  in  s t e r i l e  d i s t i l l e d  w a te r  (4 .5  

m l) ,  h e a t e d  a t  5 5  ° c  f o r  6  m in u te s  a n d  w a s  d i l u t e d  to  1:1 a n d  1 :1 0  d i l u t i o n s .  E a c h  d i l u t i o n  (0 .1  

m l )  w a s  s p r e a d e d  o n  s u r f a c e  o f  M o d i f i e d  S t a r c h  C a s e i n  N i t r a t e  A g a r  p l a t e s  a n d  P o ta to  S ta r c h -  

G ly c e r o l  A g a r  p l a t e s  ( A p p e n d i x  A )  p lu s  10  ( ig / 'm l o f  t e t r a c y c l in e  f o r  th e  s e le c t io n  o f  

S t r e p t o m y c e s  s p e c i e s  a n d  p lu s  5 0  p g /m l  o f  n o v o b io c in  f o r  th e  s e l e c t i o n  o f  K i t a s a t o s p o r a  s p e c ie s  

( T a j im a  e t  a l ,  2 0 0 1 ;  T a k a h a s h i  a n d  O m u r a ,  2 0 0 3 ) .  A g a r  p l a t e s  w e r e  in c u b a t e d  a t  30°c f o r  7 - 1 4  

d a y s  d e p e n d e d  o n  t h e  g r o w t h  o f  e a c h  i s o la te .  T h e  d i f f e r e n t  c o lo n i e s  w e r e  p i c k  u p  a n d  s t r e a k e d  

f o r  p u r i f i c a t i o n  o n  Y e a s t  E x t r a c t -  M a l t  E x t r a c t  A g a r  p l a t e  ( Y M A , A p p e n d i x  A ) .  T h e  p la te s  w e r e  

i n c u b a t e d  a t  30°c f o r  7 - 1 4  d a y s .  C o lo n i e s  w e r e  t r a n s f e r r e d  to  c u l t i v a t e  o n  Y M A  s la n t s  in c u b a te d  

a t  30 °c  f o r l 4  d a y s .  S t o c k  c u l tu r e s  o n  s l a n t  w e r e  k e p t  in  c o ld  r o o m  a t  4  °c.

1.2 Primary screening of antimicrobial activity of the strains
A l l  o f  t h e  s t r a in s  w e r e  s t r e a k e d  o n  th e  e d g e  o f  Y M A  p la t e s  w h i c h  w e r e  t h e n  i n c u b a t e d  a t  

3 0 ° c  f o r  1 4  d a y s .  S ix  t e s t  m ic r o o r g a n i s m s ,  B a c i l l u s  s u b t i l i s  A T C C  6 6 3 3 ,  S t a p h y l o c o c c u s  a u r e u s  

A T C C  6 5 3 8 ,  P s e u d o m o n a s  a e r u g i n o s a  A T C C  2 7 8 5 3 ,  M i c r o c o c c u s  l u t e u s  A T C C  9 3 4 1 ,  

E s c h e r i c h i a  c o l i  A T C C  2 5 9 2 2  o n  N u t r i e n t  A g a r  ( N A )  ( A p p e n d ix  A )  s l a n t s  a n d  C a n d i d a  a l b i c a n s  

A T C C  1 0 2 3 1  o n  S a b o u r a d  D e x t r o s e  A g a r  s l a n t s  ( S D A )  ( A p p e n d i x  A )  w e r e  v e r t i c a l  s t r e a k e d  

f r o m  th e  e d g e s  o f  e a c h  s t r a in .  T h e  p l a t e s  w e r e  i n c u b a t e d  f o r  2 4  h r .  a t  3 7  ° c .  T h e  c l e a r  i n h ib i t io n  

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



20

1.3 Bioautographic method on TLC plate
C r u d e  e x t r a c t  o f  s t r a in  ร 3 -1  w a s  u s e  in  b i o a u to g r a p h ic  m e th o d  f o r  s h o w in g  th e  R f v a lu e  

th a t  h a v e  a c t i v e  s p o t .  T h e  d e v e lo p e d  th in  l a y e r  c h r o m a t o g r a p h y  p l a t e  i s  p l a c e d  o n  t h e  a g a r  p la te  

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

c h r o m a to g r a p h ic  l a y e r  w i l l  b e  in h ib i t e d  to  th e  t e s t  m i c r o o r g a n i s m s  o n  a g a r  p la te .  T h e  c l e a r  

in h ib i t i o n  d i s t a n c e s  o f  e a c h  t e s t  m ic r o o r g a n i s m s  w e r e  o b s e r v e d  a f t e r  i n c u b a t io n  f o r  1 -2  d a y s .

2. Identification methods
M o r p h o l o g i c a l ,  c u l t u r a l ,  p h y s io lo g i c a l ,  a n d  b i o c h e m ic a l  p r o p e r t i e s  o f  m ic r o o r g a n i s m s  w e r e  

d e t e r m in e d  b y  th e  m e t h o d s  a s  d e s c r ib e d  in  th e  I n t e r n a t i o n a l  S t r e p t o m y c e s  P r o j e c t  ( I S P )  ( S h i r l in g  

a n d  G o t t i e b ,  1 9 6 6 ;  A r a i ,  1 9 7 5 ) .

2.1 Morphological and cultural characteristics
2.1.1 Morphological characteristics

A ll  s t r a in s  w e r e  g r o w n  o n  Y M A  p la t e  ( A p p e n d ix  A )  b y  c r o s s h a t c h e s  s t r e a k  t e c h n iq u e  

( S h i r l i n g  a n d  G o t t l i e b ,  1966) a n d  i n c u b a t e d  a t  30°c f o r  10-14 d a y s .  S p o r e  b e a r i n g  h y p h a e ,  s p o r e  

c h a in ,  a n d  s p o r e  m o r p h o l o g y  o f  t h e m  w e r e  s tu d i e d  b y  u s in g  s im p le  i n c l i n e d  c o v e r s l i p  t e c h n iq u e  

( W i l l i a m  a n d  C r o s s ,  1971). T h e  s p o r e s  a n d  m y c e l i a  w e r e  o b s e r v e d  u n d e r  s c a n n in g  e le c t r o n  

m ic r o s c o p e  ( S E M )  u s i n g  th e  m e th o d  o f  D e m a n  a n d  G u p ta ,  1986.
2.1.2 Cultural characteristics

C u l tu r a l  c h a r a c t e r i s t i c s  w e r e  ร ณ d ie d  b a s e d  o n  th e  c o lo r s  o f  m a t o e  a e r i a l  m y c e l iu m ,  

s u b s t r a t e  m y c e l i u m ,  s p o r e ,  a n d  d i f f u s ib l e  s o lu b l e  p i g m e n t  u s in g  c r o s s h a t c h  s t r e a k  ( S h i r l i n g  a n d  

G o t t l i e b ,  1 9 6 6 ) .  T h e  s t r a in s  w e r e  c u l tu r e d  o n  f iv e  d i f f e r e n t  a g a r  m e d ia ,  Y M A ,  O a tm e a l ,  T y r o s in e ,  

G l y c e r o l - A s p a r a g i n e  A g a r  a n d  I n o r g a n ic  S a l t - S t a r c h  A g a r  ( A p p e n d ix  A ) .  T h e y  w e r e  i n c u b a t e d  a t  

30°c f o r  7 - 1 4  d a y s .  T h e  c o lo r  o f  th e  r e v e r s e  ( u n d e r )  s id e  o f  th e  m a s s  g r o w th  o f  s u b s t r a te  

m y c e l iu m  o n  f i v e  m e d ia ,  s p o r e  c o lo r  a n d  c u l tu r a l  c h a r a c t e r i s t i c s  w e r e  o b s e r v e d .  T h e  J a c a l  C o lo r  

C a r d  L2200 ( J a p a n  C o l o r  R e s e a r c h  I n s t i t u t e )  w a s  u s e d  in  th e  d e t e r m i n a t i o n  o f  th e  c o lo r  

d e s ig n a t io n s  o f  c o lo n i e s .
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2.2. Physiological and biochemical characteristics
T h e  18  s t r a in s  w h ic h  s h o w e d  a n t im ic r o b i a l  a c t i v i t y  a g a in s t  m a n y  te s t  m ic r o o r g a n i s m s  o r  

s h o w e d  w id e  i n h i b i t i o n  z o n e  o f  p r im a r y  s c r e e n in g  a t  l e a s t  2 0 .1  m m  ( + + + )  a g a in s t  o n e  te s t  

m ic r o o r g a n i s m s  w e r e  s e l e c t e d  f o r  f u r th e r  s tu d y .  T h e  p h y s io lo g i c a l  a n d  b io c h e m ic a l  

c h a r a c t e r i s t i c s  w e r e  s t u d i e d  f o r  a l l  o f  th e  s e l e c t e d  s t r a in s .

2.2.1 Melanin production
T h e  s e l e c t e d  s t r a in s  w e r e  c u l t i v a t e d  o n  a  T y r o s in e  A g a r  p l a t e  ( A p p e n d ix  A )  a n d  

in c u b a t e d  a t  30°c f o r  4  d a y s  w h ic h  w a s  th e n  c o m p a r e d  w i t h  u n in o c u l a t e d  p la te .  T h e  c o lo n y  

f o r m in g  a  b r o w n  o r  b l a c k  d i f f u s ib l e  p ig m e n t  w a s  r e c o r d e d  a s  p o s i t i v e  ( + ) .  A b s e n c e  o f  b r o w n  o r  

b l a c k  c o lo r s ,  o r  t o t a l  a b s e n c e  o f  d i f f u s ib l e  p ig m e n t ,  w a s  r e c o r d e d  a s  n e g a t iv e  ( - )  m e la n in  

f o r m a t io n .

2.2.2 Carbon utilization
B a s a l  a g a r  m e d i u m  ( A p p e n d ix  A )  w a s  p r e p a r e d  a n d  a  c a r b o n  s o u r c e  w a s  a d d e d  to  g iv e  a  

c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  1 % . A f t e r  a u to c l a v e  a t  1 1 0 ° c  f o r  10 m in ,  th e  m ix tu r e  w a s  

a g i t a t e d  a n d  2 5  m l  o f  t h i s  m ix tu r e  w a s  p o u r e d  in to  9  c m  d i a m e t e r  p e t r i  d i s h .  C a r b o n  s o u r c e s  a n d  

c o n t r o l s  r e q u i r e d  f o r  th e  t e s t  a r e  r e p e a t e d  b e lo w :

N o  c a r b o n  s o u r c e  ( n e g a t iv e  c o n t r o l ) ,  D - g lu c o s e  ( p o s i t i v e  c o n t r o l ) ,  G ly c e r o l ,  L - a r a b in o s e ,

S u c r o s e ,  D - x y lo s e ,  D - m a n i to l ,  D - f r u c to s e ,  S u c r o s e ,  M e l ib io s e ,  R h a m n o s e ,  R a f f in o s e .

T h e  p l a t e s  w e r e  o b s e r v e d  a t  1 0 -1 4  d a y s .  G r o w th  o n  g i v e n  c a r b o n  s o u r c e  w a s  a lw a y s  

c o m p a r e d  w i t h  t h e  tw o  c o n t r o l s ;  g r o w th  o n  b a s a l  m e d i u m  a lo n e  a n d  g r o w t h  o n  b a s a l  m e d iu m  p lu s  

g lu c o s e .  R e s u l t  w e r e  r e c o r d e d  a s  f o l lo w s :

S t r o n g  p o s i t i v e  u t i l i z a t i o n  ( + + )  w h e n  g r o w th  o n  t e s t e d  c a r b o n  in  b a s a l  m e d iu m  w a s  

e q u a l  to  o r  g r e a t e r  t h a n  g r o w th  o n  b a s a l  m e d iu m  p lu s  g lu c o s e .  P o s i t i v e  u t i l i z a t i o n  ( + )  w h e n  

g r o w th  o n  t e s t e d  c a r b o n  w a s  s ig n i f i c a n t ly  b e t t e r  t h a n  o n  b a s a l  m e d i u m  w i th o u t  c a r b o n ,  b u t  

s o m e w h a t  l e s s  t h a n  o n  g lu c o s e .  U t i l i z a t i o n  d o u b t f u l  ( + / - )  w h e n  g r o w t h  o n  t e s t e d  c a r b o n  w a s  o n ly  

s l i g h t ly  b e t t e r  t h a n  o n  t h e  b a s a l  m e d i u m  w i th o u t  c a r b o n  a n d  s i g n i f i c a n t ly  l e s s  t h a n  o n  g lu c o s e .

U t i l i z a t i o n  n e g a t i v e  ( - )  w h e n  g r o w th  w a s  s im i l a r  to  o r  l e s s  t h a n  g r o w th  o n  t h e  b a s a l  m e d iu m  

w i th o u t  c a r b o n .

2 .2 .3  Acid production from carbohydrates ( G o r d o n  e t  a l ,  1 9 7 4 )

T h e  s e l e c t e d  s t r a in s  w e r e  i n o c u la t e d  in to  B a s a l  I n o r g a n ic  N i t r o g e n  m e d i u m  ( A p p e n d ix  

A ) . T h e  p H  v a lu e  o f  t h i s  m e d i u m  w a s  a d ju s t e d  to  7 .0  b e f o r e  th e  a d d i t i o n  o f  0 .0 4 %  s o lu t i o n  o f  

b r o m o c r e s o l  p u r p l e .  A f t e r  th i s  a g a r  m e d iu m  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 ,  0 .5  m l  o f  a  1 0 %
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s o lu t i o n  o f  e a c h  c a r b o h y d r a t e  w a s  a d d e d  a s e p t i c a l l y  to  th e  tu b e s .  C u l tu r e s  o n  s la n t s  w e re  

o b s e r v e d  a f t e r  7  a n d  2 8  d a y s  o f  i n c u b a t io n  a t  30°c. I f  a c id  p r o d u c t i o n s  w e r e  p r e s e n t ,  th e  s la n ts  

w o u ld  b e c o m e  y e l lo w .

2.2.4 Hydrolysis of esculin ( G o r d o n  e t  a l ,  1 9 7 4 )

T h e  s e l e c t e d  s t r a in s  w e r e  i n o c u la t e d  in to  E s c u l in  b r o t h  ( A p p e n d ix  A ) ,  i n c u b a t e d  a t  3 0 ° c ,  

a n d  o b s e r v e d  f o r  g r o w t h  a n d  b l a c k e n i n g  o f  th e  m e d iu m  a t  2  a n d  4  w e e k s .  A  tu b e  o f  th e  s a m e  

b r o th  w i t h o u t  e s c u l i n  w a s  a l s o  i n o c u la t e d  a n d  u s e d  a s  a  c o n t r o l .

2.2.5 Nitrate reduction
T h e  s e l e c t e d  s t r a in s  w e r e  i n o c u la t e d  in to  P e p to n e  K N O j  ( A p p e n d ix  A )  a n d  in c u b a t e d  a t  

30°c f o r  4 - 6  d a y s .  O n  f o r th  d a y ,  1 m l  o f  c u l t u r e  w a s  t r a n s f e r r e d  in to  a  t e s t  ณ b e  a n d  t h r e e  d r o p s  

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

s e q u e n t i a l l y  a d d e d .  I f  n i t r a t e  w e r e  p r e s e n t ,  th e  m ix tu r e  w o u l d  b e c o m e  p i n k  to  r e d .

2.2.6 Starch hydrolysis
T h e  s e l e c t e d  s t r a in s  w e r e  s t r e a k e d  o n  th e  s u r f a c e  o f  I n o r g a n ic  s a l t s - S t a r c h  a g a r  p la te  

( A p p e n d ix  A )  a n d  i n c u b a t e d  a t  3 0 ° c  f o r  10  d a y s .  A f t e r  i n c u b a t io n ,  G r a m ’s  io d in e  s o lu t i o n  w a s  

p o u r e d  o n  t h e  s u r f a c e  o f  a g a r  p la te .  I f  t h e  s t a r c h  h y d r o ly s i s  w a s  p r e s e n t ,  a  d a r k  b lu e  c o lo r  d id  n o t  

a p p e a r .

2.2.7 Gelatin liquefaction
T h e  s e l e c t e d  s t r a in s  w e r e  i n o c u la t e d  in to  th e  t e s t  t u b e  o f  B o u i l l o n  G e la t i n  b r o th  

( A p p e n d ix  A )  a n d  i n c u b a t e d  a t  3 0 ° c  f o r  2 1  d a y s .  T h e  i n o c u la t e d  t u b e  w a s  c o m p a r e d  w i th  c o n t r o l  

w h e n  p l a c e s  b o t h  t u b e s  a t  2 0  ๐ c  f o r  3 0  m in .  I f  th e  g e l a t i n  w a s  h y d r o l y z e d ,  i t  w a s  l i q u id  n o t  s o l id .

2.2.8 Milk coagulation and milk peptonization
T h e  s e l e c t e d  s t r a in s  w e r e  i n o c u la t e d  in  t u b e  o f  s t e r i l e  1 0 %  S k im  m i l k  ( A p p e n d ix  A )  in  

d i s t i l l e d  w a t e r  a n d  in c u b a t e d  a t  30°c f o r  7- 14 d a y s .  I f  m i l k  w a s  p e p to n i z e d ,  m i lk  w o u ld  b e  

c o n v e r t e d  to  c l e a r  s o lu t io n .  I f  m i lk  w a s  c o a g u la t e d ,  m i l k  w o u ld  p r e c ip i t a t e .

2.2.9 NaCl tolerance
T h e  s e l e c t e d  s t r a in s  w e r e  s t r e a k e d  o n  Y M A  p la t e s  ( A p p e n d ix  A )  to  w h ic h  N a C l  

c o n c e n t r a t i o n s  w e r e  a d d e d  to  g iv e  c o n c e n t r a t i o n s  o f  2 ,  4  a n d  6 % . T h e  p l a t e s  w e r e  i n c u b a t e d  a t  

30°c f o r  7 - 1 4  d a y s .  T h e  r e s u l t  w a s  r e c o r d e d  a s  p o s i t i v e  i f  t h e  c u l t u r e  g r e w .
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2.2.10 Temperature tolerance
T h e  s e l e c t e d  s t r a in s  w e r e  s t r e a k e d  o n  Y M A  p la t e s  ( A p p e n d ix  A )  a n d  w e r e  i n c u b a t e d  a t  

1 0 , 2 8  a n d  4 5  ๐ c  f o r  7 - 1 4  d a y s .  T h e  r e s u l t  w a s  r e c o r d e d  a s  p o s i t i v e  i f  th e  c u l t u r e  g r e w .

2.2.11 pH tolerance
T h e  s e l e c t e d  s t r a in s  w e r e  s t r e a k e d  o n  Y M A  p la t e s  ( A p p e n d ix  A )  w h ic h  s e p a r a te ly  

a d ju s t e d  p H  to  4 ,  5 , 7 ,  9 ,  a n d  10 . T h e  p la te s  w e r e  in c u b a t e d  a t  30°c f o r  7 - 1 4  d a y s .  T h e  r e s u l t  w a s  

r e c o r d e d  a s  p o s i t i v e  i f  t h e  c u l tu r e  g r e w .

2.3 Chemotaxonomic characteristics
T h e  s e l e c t e d  s t r a in s  w e r e  c u l t i v a t e d  o n  Y e a s t  E x t r a c t -  M a l t  e x t r a c t  b r o t h  o n  r o t a r y  s h a k e r  200 

r p m  a t  30°c f o r  4  d a y s .  C e l l s  w e r e  c o l l e c t e d  b y  c e n t r i f u g a t io n  a n d  w e r e  d r i e d  b y  l y o p h i l i z a t io n .

2.3.1 Cell wall analysis
T h e  c h e m ic a l  a n a ly s i s  o f  c e l l  w a l l  d ia m in o p im e l i c  a c id  ( D A P )  i s o m e r s  w e r e  c a r r i e d  o u t  

b y  m e t h o d  o f  K u tz n e r ,  1981. D r ie d  w h o le - c e l l  (10 m g )  o f  s e l e c t e d  s t r a in s  w e r e  h y d r o ly z e d  w i th  

6 N  H C 1  a t  100 ๐c  f o r  18 h o u r s .  D A P  i s o m e r s  w e r e  s e p a r a t e d  b y  T h i n  L a y e r  C h r o m a to g r a p h y  o n  

c e l l u lo s e  p l a t e  ( M e r c k  N o .  1.05577). T h e  s t a n d a r d  o f  m e s o - D A P  (0.01 M )  w a s  a p p l i e d  f o r  

r e f e r e n c e  p u r p o s e s .  T h e  s o lv e n t  s y s t e m  to  d e v e lo p e d  T L C  is  m e t h a n o l - w a t e r -10 N  H C l- p y r id in e  

(80:17.5:2.5:10, v /v ) .  T h e  s p o t s  w e r e  v i s u a l i z e d  b y  s p r a y in g  w i t h  0.2% n i n h y d r i n  s o lu t i o n  in  

w a t e r - s a tu r a t e d  n - b u t a n o l  f o l l o w e d  b y  h e a t i n g  a t  100°c f o r  5 m in u te s .  D A P  i s o m e r s  a p p e a r  a s  

d a r k - g r e e n  s p o t s  w i t h  Rf0.29 ( L - i s o m e r )  a n d  0 .2 4  ( m e s o  a n d  D L - i s o m e r ) .  S p o ts  w i l l  g r a d u a l ly  

d i s a p p e a r  in  a  f e w  m in u te s .

2 .3 .2  Menaquinone analysis ( K o m a g a ta  a n d  S u z u k i ,  1 9 8 7 )

D r i e d  c e l l s  (100-500 m g )  w e r e  e x t r a c t e d  w i th  c h l o r o f o r m  : m e th a n o l  (2:1) f o r  2-3 h .  T h e  

s u s p e n s io n  w a s  t h e n  f i l t e r e d  a n d  d r i e d  u n d e r  r o t a r y  e v a p o r a to r .  T h e  d r i e d  s a m p le  w a s  d is s o lv e d  

w i th  a  s m a l l  a m o u n t  o f  a c e to n e  a n d  a p p l i e d  o n to  a  s i l i c a  g e l  T L C  ( M e r c k  n o .  1.05744). T h e  

a p p l i e d  T L C  w a s  d e v e l o p e d  b y  p e t r o l e u m - d ie th y l  e t h e r  (85:15, v /v )  a n d  th e  b a n d  o f  m e n a q u in o n e  

w a s  d e t e c t e d  u n d e r  a  u v  l a m p  254 n m . T h e  m e n a q u in o n e  b a n d  w a s  s c r a p e d  a n d  d i s s o lv e d  w i th  

m e th a n o l  ( H P L C  g r a d e ) .  T h e  s u s p e n s io n  w a s  f i l t e r e d  a n d  d r i e d  it  u p  w i t h  N 2 g a s .  T h e  

m e n a q u in o n e  s a m p le  w a s  a n a l y z e d  b y  H P L C .
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2 .3 .3  DNA base composition analysis ( Y a m a d a  a n d  K o m a g a ta ,  1 9 7 0 ;  T a m a o k a ,  1 9 9 4 )

D N A  w a s  i s o l a t e d  f r o m  c e l l s  g r o w n  in  Y e a s t  E x t r a c t -  M a l t  E x t r a c t  b r o th  w i th  0 .2  %  

g ly c in e  f o r  3 - 4  d a y s .  C e l l s  w e r e  h a r v e s t e d  a n d  s u s p e n d e d  in  1 0  m l  o f  s a l i n e - E D T A  b u f f e r  p H  8 .0  

( A p p e n d ix  B ) .  T h e  c e l l  s u s p e n s i o n  w a s  i n o c u la t e d  w i th  12  m g  o f  l y s o z y m e  a t  37°c f o r  2  h o u r s  

f o l l o w e d  b y  i n c u b a t i o n  w i t h  T r i s - S D S  a n d  h e a t  a t  55°c f o r  1 0  m in .  T h e  p h e n o l  e x t r a c t i o n  w a s  

t h e n  c a r r i e d  o u t  b y  a d d i n g  a n  e q u a l  v o lu m e  o f  p h e n o l  x h l o r o f o r m  ( 1 :1 )  ( A p p e n d ix  B )  to  th e  

s a m p le  f o r  r e m o v a l  o f  p r o t e i n  a n d  o th e r  d e b r i s .  T h e  u p p e r  l a y e r  o f  m ix tu r e  w a s  c o l l e c t e d  a f t e r  

c e n t r i f u g a t i o n  a t  1 2 ,0 0 0  r p m  f o r  1 0  m in .  D N A  w a s  p r e c i p i t a t e d  w i th  i c e  c o ld  9 5  %  e th a n o l .  D N A  

w a s  d i s s o l v e d  w i t h  0 .1  X ssc  ( A p p e n d ix  B )  a n d  t r e a t e d  w i t h  R N a s e  A  a n d  R N a s e  T ,  s o lu t io n  

( A p p e n d ix  B )  a t  37 °c  f o r  1 h r  f o r  th e  r e m o v a l  o f  R N A . D N A  w a s  s to r e d  in  0 .1  X ssc  a t  4  ๐ c. 
T h e  1 0  p i  o f  D N A  (1  m g /m l )  w a s  h y d r o ly z e d  w i t h  10  p i  n u c l e a s e  p ,  a t  5 0  °c f o r  1 h  a n d  

f o l l o w e d  b y  r e a c t i n g  w i t h  1 0  p i  o f  a lk a l i n e s  p h o s p h a t a s e  in c u b a t e d  a t  37 ๐c f o r  1 h . T h e  

h y d r o ly z e d  D N A  w a s  a p p l i e d  to  H P L C .  A n  e q u im o la r  m ix tu r e  o f  n u c l e o t i d e s  w a s  u s e d  a s  th e  

q u a n t i t a t i v e  s t a n d a r d  f o r  a n a ly s i s  o f  D N A  b a s e  c o m p o s i t io n .  3

3. 16S rDNA sequence analysis and phylogenetic tree construction
3.1 16S rDNA amplication by PCR
T h e  i s o l a t e d  D N A  w a s  u s e d  f o r  1 6 S  r D N A  a m p l i c a t i o n  b y  P C R .

T h e  P C R  w a s  p e r f o r m e d  in  a  to ta l  v o lu m e  o f  5 0  p i  c o n t a in in g

■  1 p i  o f  D N A  s a m p le  a  0 .5  p i  o f  f o r w a r d  p r i m e r

■  0 .5  p i  o f  T a q  D N A  p o ly m e r a s e  ■  0 .5  p i  o f  r e v e r s e  p r im e r

■  5 p i  o f  1 0  X p o l y m e r a s e  b u f f e r  ■  3 7 .5  p i  o f  M i l l i q u e  w a te r

■  5  p i  o f  d N T P  m ix tu r e

A  D N A  T h e r m a l  C y c l e  ( G e n e  A m p  P C R  S y s t e m  2 4 0 0 :  P e r k i n  E l m e r )  w a s  u s e d  w i th  a  

t e m p e r a tu r e  p r o f i l e  o f  3  m in  a t  9 5  ° c  f o l lo w e d  b y  3 0  c y c l e s  o f  3 0  s e c  a t  9 5  ° c  ( d e n a tu r in g  o f  

D N A ) ,  15 s e c  a t  5 5 ° c  ( p r i m e r  a n n e a l in g ) ,  a n d  1 m in  a t  7 2  ° c  ( p o ly m e r i z a t i o n ) .  A t  t h e  e n d  o f  th e  

c y c le ,  th e  r e a c t i o n  m ix tu r e  w a s  k e p t  a t  7 2  °c  f o r  5 m in  a n d  t h e n  c o o l e d  to  4°c. T h e  1 .5  k b  

a m p l i f i e d  1 6 S  r D N A  f r a g m e n t  w a s  s e p a r a t e d  b y  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 h e  P C R  a m p l i f i e d  

p r o d u c t s  w e r e  a n a l y z e d  b y  r u n n i n g  5 p i  o f  r e a c t i o n  m ix tu r e  o n  a  1 %  a g a r o s e  g e l  in  T r i s - a c e ta te  

E D T A  b u f f e r  ( A p p e n d i x  B ) .  A g a r o s e  g e l  w a s  s t a in e d  in  a n  e t h i d i u m  b r o m id e  s o lu t i o n  (0 .5  

m g /m l )  a n d  e x a m i n e d  u n d e r  U V -  t r a n s i l l u m i n a t o r  to  v i s u a l i z e  t h e  a m p l i f i e d  1 6 S  r D N A  b a n d .
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3.2 16S rDNA sequence
The am plified 16S rDNA was used as templates for sequencing with big dye terminator 

sequencing Kit (Perkin Elmer) and analyzed by A B 1377 automated D N A  sequencer (Perkin 
Elmer). The sequencing reaction for each sample was performed in D N A  Thermal Cycler (Gene 

Amp PCR System  2400; Perkin Elmer) with a temperature profile o f  30 sec at 96 ๐c  follow ed by  

25 cycles o f  10 sec at 96 ° c  (denaturing o f  D N A ), 5 sec at 50 ° c  (primer annealing), and 4 min 

at 60 ° c  (polym erization). Sequencing for each sample is carried out in both forward and reverse 
directions (Appendix c ) .

3.3 16S rDNA sequence analysis and phylogenetic tree construction
H om ology search was performed using the standard B L A ST  sequence similarity 

searching program version 2.2.1 from the web server http://www.ncbi.nlm .nih.gov/BLAST/ 
against previously reported sequence at the GenBank/EM BL/DDBJ database. The sequence was 
multiply aligned with selected sequences obtained from the three main databases by using the 
CLUSTAL พ  version 1.81. The alignment was manually verified and adjusted prior to the 

construction o f  phylogenetic tree. The phylogenetic tree was constructed by using neighbor
joining (Saitou and N ei, 1987) in the M EG A program version 2.1 (Kumar e t  a l., 2001). The 
confidence values o f  branches o f  the phylogenetic tree were determined using the bootstrap 
analyses (Felsenstein, 1985) based on 1000 resamplings. The values for sequences similarity 

among the closest strains were calculated manually after pairwise alignm ents obtained using the 
CLUSTAL X  program (Thom pson e t a l ,  1997). Gaps and am biguous nucleotides were 
eliminated from calculations.

3.4 DNA-DNA hybridization
D N A  for D N A -D N A  hybridization was purified as m entioned above. The 

spectrophotometric m ethod for D N A  quantitation was used to determine both concentration and 

relative purity o f  D N A  in a solution. Two aborption spectra (A 260 and A 280) w as used. The D N A  is 
suitable for D N A -D N A  hybridization i f  the ratio o f  A 260/A 280 is betw een 0.56-0.59.
3.4.1 DNA labeling probe with photobiotin

A  10 pi o f  D N A  solution (1 m g/m l) and 15 pi o f  photobiotin solution (1 m g/m l) were 
m ixed in an eppendorf tube and the irradiated with sunlamp for 30 min on ice. After irradiation, 
free photobiotin w as rem oved by adding 100 pi o f  0.1 M Tris-HCl buffer pH 9.0, and 100 pi o f  ท-

http://www.ncbi.nlm.nih.gov/BLAST/
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butanol into biotinylated D N A  solution. The solution was then m ixed and centrifuged at 12,000 

rpm for 20 seconds. The upper layer was removed. A gain 100 pi o f  n-butanol w as added, and the 
solution m ixed, centrifuged and the upper layer was removed. After centrifugation at 12,000 rpm 
for 20 seconds, the upper layer was removed. The biotinylated D N A  solution was boiled for 15 
min and then im m ediately cooled in ice. The solution was sonicated for 3 min and dissolved in 10 
ml o f  hybridization solution (Appendix B).
3.4.2 Photobiotin labeling DNA-DNA hybridization

The photobiotin labeling D N A -D N A  hybridization was performed by the method 
described by Ezaki e t  a l., (1989). D N A  (10 pg) o f  selected strains, type strain and reference D N A  
(C alf thymus) were boiled for 10 min and im m ediately cooled in ice. Then 500 pi o f  2 x PBS 
(Appendix B ), 100 pi o f  0.1 M gC l2 and sterile distilled water were added to make a total volum e 

o f  1 ml and m ixed w ell. 100 pi o f  a heat denatured D N A  solution was added to microdilution 

w ells and fixed by incubation at 37 ° c  for 2 hours. After incubation, the D N A  solution was 
removed, and 200 pi o f  prehybridization solution (Appendix B) was added to microdilution w ells. 
M icrodilution plate was incubated at 5 4 ° c  (hybridization temperature) for 1 hour. The 

prehybridization solution w as removed from the w ells and replaced with 100 pi o f  a hybridization 

solution mixture containing biotinylated D N A . M icrodilution plate was incubated at 5 4 ° c  
(hybridization temperature) for 15 hours.
3.4.3 Detection of biotin-containing hybrids

After hybridization, the microdilution w ells were washed three tim es with 200 pi o f  0.2x  
s s c  buffer. Then 100 pi o f  Streptavidin-Peroxidase solution (solution I) (Appendix B) was added 

and incubated at 30 ° c  for 10 min. Solution I (Appendix B ) w as rem oved from the w ells and 

replaced with 100 pi o f  solution II (Appendix B). M icrodilution plate w as incubated at 37 ° c  for 
30 min. After incubation, microdilution plate was washed three tim es with 200 pi o f  PBS. 100 pi 
o f  solution III (Appendix B ) was added, and the plate was incubated at 37 ° c  for 10 min. The 

enzym e reaction was stopped with 100 pi o f  2M  H2S 0 4 (Appendix B). The absorbance was 

measured at 450  nm with Microplate Reader (M icroplate M anager 4.0  Bio-Rad Laboratories, 
Inc.) and calculated for the value o f  percentage D N A  hom ology.



27

4. Fermentation of the selected strains for antimicrobial productions
A  loopful o f  selected strains was inoculated into 100 ml o f  seed medium  consisting o f  

0.4% glucose, 0.4%  yeast extract, 1% malt extract, pH 7.3 in 250 ml Erlenmeyer flask. The flask 

was incubated on a rotary shaker 200 rpm at 28 ° c  for 4 days after that 5 ml o f  the seed medium  
was transferred into 500 m l Erlenmeyer flasks containing 250 ml o f  the production medium  

consisting o f  0.4%  glucose, 0.4% yeast extract, 1% malt extract, 0.1% C aC O j, pH 7.3. The flasks 

were incubated on a rotary shaker 200 rpm at 2 8 ° c  for 7 days (Shirato and M otoyam a, 1966).

5. Chromatographic techniques

5.1 Analytical thin-layer chromatography
Technique : One dim ension ascending
Sample loading : The sample w as dissolved in a small volum e o f  the eluant and spot on TLC
Adsorbent ะ Silica gel GF254 coated on an aluminium sheet (E.M erck)
Layer thickness ะ 250 pm
Distance : 5 cm
Temperature ะ laboratory temperature (2 5 -3 0 °C )
Detection ะ 1. Visual detection under daylight

2. Visual detection under ultraviolet light at w avelengths o f  254 and 365 nm.

5.2 Column chromatography
5.2.1 Quick column chromatography
Adsorbent : Silica gel (N o. 7734), partical size 0 .040-0 .063 pm  (E. Merck)
Packing method ะ The adsorbent was slurried in the eluant and poured into

a colum n and allowed to settle overnight.
Sample loading : The sample was trimrated with siliga gel, dried

and loaded on top o f  the column
Detection : Fractions were examined by TLC technique in the same

manner as described in section 5.1
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5.2.2 Flash column chromatography
Adsorbent : Silica gel (No. 7734), partical size 0 .040-0 .063 pm  (E. Merck) 
Packing method ะ The adsorbent was slurried in the eluant and poured into 

a colum n and allowed to settle overnight.
Sample loading : The sample was dissolved in a small volum e o f  the eluant 

and loaded on top o f  the column
Detection : Fractions were exam ined by TLC technique in the same

manner as described in section 5.1

5.3 Solvents
Throughout this work, all commercial grade organic solvents were redistilled prior to 

use.

6. Extraction and fractionation of the extract of ร. s p e c ta b il is  S3-1

6.1 Extraction
The Y M  fermentation broth culture (20L) o f  ร. s p e c ta b il is  S3-1 was filtered through a 

glass funnel packed with Whatman N o. 1. The filtrate was partitioned with ethyl acetate 3 times. 

The ethyl acetate layer w as collected and concentrated under reduced pressure at 45 ๐c  to yield  
1.43 gram o f  the ethyl acetate extract (dark brown oily  liquid) as show n in Schem e 3.1.

6.2 Fractionation
The dark brown oily  liquid showed the yellow  spot on TLC (Si Gel, 15% MeOH in 

CH2C12, Rf 0 .8) as the major product. The main yellow  spot was isolated by chromatographic 
techniques to obtain the pure compounds.

The crude extract o f  S3-1 was purified by quick colum n chromatography using silica gel 
as the adsorbent (colum n 4 x 4  cm.). The gradient o f  EtOAc : hexane was used as a m obile phase 
and methanol was finally used to elute the extract. Twenty five m illiliters o f  fractions were 
collected. Com bination o f  the fractions with similar chromatographic patterns (TLC Si Gel, 
30%hexane in EtO Ac) gave 8 fractions (S001, S002, S003, S004, S005, S006, S007, S008) as 
shown in Table 3.1 and Figure 3.1.
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Table 3.1 Fractions obtained from the crude extract of S3-1

Fraction code Fraction M obile phase V olum e o f  m obile 

phase (ml)
Total w eight (mg)

S001 1-5 Hexane 125 89.0
S002 6-10 5% EtOAc in hexane 125 86.0
S003 11 10% EtOAc in hexane 25 96.4
S004 12-19 10% EtOAc in hexane 200 217.0

20-27 20% EtOAc in hexane 200
28-32 30% EtOAc in hexane 125

S005 33-39 50% EtOAc in hexane 175 158.2
S006 40-45 50% EtOAc in hexane 150 92.8
S007 46-55 50% EtOAc in hexane 250 183.2

56-58 70% EtOAc in hexane 75
S008 59-63 90% EtOAc in hexane 125 504.0

64-72 100% EtOAc 225
73-76 MeOH 100

Figure 3.1 Chromatographic patterns o f  

fractions obtained from the crude extract o f  
S3-1 (TLC Si Gel, 30% hexane inE tO A c)

Fraction code S007 was selected to purify by flash colum n chromatography using silica  
gel as adsorbent (colum n 2 x 1 6  cm .). The 2% M eOH in CH2C12 was used as a m obile phase and 
methanol was finally used to elute the extract. Fifteen m illiliters o f  fractions were collected. 
Combination o f  the fractions with similar chromatographic patterns (TLC Si Gel, 5%MeOH in 
CH2C12) gave 5 fractions (S009, S010, s o i l ,  S012, S013) as shown in Table 3.2 and Figure 3.2.
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Table 3.2 Fractions obtained from S007

Fraction Fraction M obile phase V olum e o f  m obile Total w eight (mg)
code phase (ml)
S009 1-4 2 % M eOH in CH2C12 60 9.0
S010 5-6 2 % M eOH in CH2C12 30 51.3
s o i l 7-15 2 % M eOH in CH2C12 135 71.1
S012 16-27 2 % M eOH in CH2C12 180 24.8
S013 28-49 2 % M eOH in CH2C12 330 25.0

50-55 MeOH 90

t' M

Figure 3.2 Chromatographic patterns o f  

fractions obtained from S007  

(TLC Si Gel, 5%MeOH in CH2C12)

S 0 0 9  S 0 1 0  s o i l  S 0 1 2  S 0 1 3

A ll fractions code S001, S002, S003, S004, S005, S006, S007, S008, S009, S010, s o i l ,
SO 12, and s o  13 were monitored for antimicrobial activity by agar disc diffusion method.
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The fermentation broth was filtered through Whatman filter paper N o .l .  The filtrate was 
partitioned with ethyl acetate 3 times. The ethyl acetate layer was collected and concentrated 

under reduced pressure at 45 ° c .  The antimicrobial activity o f  the isolate extracts was examined 
by an agar disc diffusion method (Lorian, 1991). Evaluation o f  the antimicrobial activity was 
performed against nine test microorganisms, B a c illu s  su b til is  ATCC 6633, S ta p h y lo co ccu s  

a u reu s  ATCC 6538, M ethicillin resistant S ta p h y lo co ccu s  a u reu s  266, 269, 643, P seu d o m o n a s  

a eru g in o sa  ATCC 27853, M ic ro c o c c u s  lu teu s  ATCC 9341, E sc h e r ic h ia  c o li  ATCC 25922. The 

bacteria were cultivated on M ueller-Hinton Agar (M H A) slant at 37 ๐c  for 24 hours while 

C a n d id a  a lb ic a n s  ATCC 10231 was cultivated on Sabourad Dextrose Agar (SD A ) slant at 3 0 ° c  
for 24 hours. The cell cultures were washed from an agar surface and suspended with normal 
saline solution and standardized to match a turbidity o f  McFarland standard N o.0 .5 , providing 

approximately 1x 108CFU (colony forming unit/ ml). A  swab o f  each tested m icroorganism was 
spread on the surface o f  each plate. Test samples were dissolved in methanol solvent and then 
were applied on sterile paper disc (diameter 6 mm) 1 m g/disc and using methanol 20 pi for the 
disc control. These paper discs were left in a sterile Petri dish until the solvent was com pletely  
dried. The dried paper discs were placed on the surface o f  the inoculated agar plate and were 

incubated at 3 7 ° c ,  24 hours for bacteria and 48 hours for yeast. The diameter o f  inhibition zones

7. Antimicrobial activity

were measured.
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* positive antimicrobial activity

Scheme 3.1 Fermentation and extraction of YM fermentation broth of ร . s p e c ta b il is  S3-1
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