
RESULTS AND DISCUSSION

1. Samples collection, isolation, pH measurement and primary screening of 

actinomycètes

1.1 S a m p le s  c o lle c tio n

E ig h ty  m a n g ro v e  so ils  s a m p le s  w e re  c o lle c te d  fro m  p ro v in c e s  a ro u n d  the  

in n e r g u lf  o f T h a ila n d ; S a m u t p ra k a rn  (30  s a m p le s ), S a m u t s o n g k ra m  (10  s a m p le s ), 

S a m u t s a ko rn  (30  s a m p le s )  a n d  P e tch a b u ri (10  s a m p le s ) , a n d  s c re e n e d  fo r 

A ctinom ycètes. M a n g ro v e  so ils  a ro u n d  th e  in n e r g u lf  o f T h a ila n d  a re  lush  g re e n  a nd  

p re s e rv e d  th e re fo re , th e y  a re  an  in te re s tin g  n ich e  e n v iro n m e n t to  iso la te  nove l 

a n tim ic ro b ia l p ro d u c in g  a c tin o m y c è te s .

1 .2  Iso la tio n  a nd  pH  m e a s u re m e n t o f  a c tin o m y c è te s

A  to ta l o f 50  a c tin o m y c è te s  w e re  iso la te d . T he  is o la te s  w e re  m a in ta in e d  on 

Y M A  s la n t a n d  k e p t a t 4 ° c .  S o u rce s  o f m a n g ro v e  so ils , iso la tio n  d a te , p H , a n d  

iso la tio n  n u m b e r  o f a c t in o m y c è te s  a re  sh o w n  in T a b le  4 .1 . T he  pH  o f the  so il s a m p le s  

ra n g e s  fro m  4 .4 9 -8 .2 0 . T he  is o la te d  a c t in o m y c è te s  c o u ld  g ro w  in w id e ly  ra n g e  o f pH , 

a n d  m o s t is o la te s  w e re  is o la te d  fro m  th e  so il s a m p le s  c o n ta in e d  pH  a b o u t 8. S ch e m e

4.1 s h o w s  d ia g ra m  o f s tu d ie s  on  th e  50  iso la tes

1.3  P r im a ry  s c re e n in g  o f a n tim ic ro b ia l p ro d u c in g  a c tin o m y c è te s

CHAPTER IV

Antimicrobial activities of the 50 actinomycètes were tested. Thirty isolates
showed antimicrobial activity. Four isolates showed inhibitory activity against E. coli
ATCC 25922, 15 isolates against M. luteus ATCC 9341, 21 isolates against ร. subtilis



A T C C  1 66 33 , 5 is o la te s  a g a in s t c .  albicans A T C C  1 0231 , 2 iso la te s  a g a in s t 

Ps.aeruginosa  A T C C  2 78 53 , 23  iso la te s  a g a in s t ร . aureus  A T C C  6538P . A s  m e n tio n e d , 

th e  m o s t o f p o w d e ry  s p o re  fo rm in g  iso la te s  c o u ld  e x h ib it  a n tim ic ro b ia l a c tiv it ie s  a g a in s t 

G ra m -p o s it iv e  b a c te r ia  a n d  s o m e  o f th e m  c o u ld  d o  a g a in s t G ra m -n e g a tiv e  b a c te r ia  a n d  

ye a s t. T he  m u c o id  c o lo n ie s  fo rm in g  iso la te s  s h o w e d  no a n tim ic ro b ia l a c tiv it ie s  a g a in s t 

th e  te s te d  m ic ro o rg a n is m s  as sh o w n  in T a b le  4 .2 .
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Table 4.1 Source of mangrove soil samples, isolation date, sample pH, and sample

number that contained antimicrobial producing actinomycètes

L o c a tio n s Iso la tio n  d a te pH S a m p le  No.

B a a n -L e a m , P h e tc h a b u ri 3 Ju l 2 0 0 6 8 .2 PH2-1

M u a n g , S a m u t s o n g k ra m 3 Ju l 2 0 0 6 7 .4 4 S A M 2 -1 , S A M 2-2

B a n g p u , S a m u t p ra k a rn 3 Ju l 2 0 0 6 8 .1 2 SM P 2-1

B a n g p u , S a m u t p ra k a rn 3 Ju l 2 0 0 6 7 .8 4 SM P3-1

M u a n g , S a m u t s a k o rn 28  A u g  2 0 0 6 7 .9 8 A 5 -8 -1

M u a n g , S a m u t s a ko rn 3 Ju l 2 0 0 6 7 .9 7 A 10 -4 -2

M u a n g , S a m u t s a ko rn 1 4 J u l2 0 0 6 8 .0 5 A 1 0-7 -1

M u a n g , S a m u t s a k o rn 28  N o v  2 0 0 6 7 .5 4 B 5-2 -1

M u a n g , S a m u t s a ko rn 2 8  N o v  2 0 0 6 7 .6 B 5-6 -1

M u a n g , S a m u t s a ko rn 28  N o v  2 0 0 6 7 .5 B5-8-1

M u a n g , S a m u t s a ko rn 28  A u g  2 0 0 6 7 .8 B 1 0 -3 -1 , B 1 0 -3 -2  

B 10 -3 -3 , B 10-3 -4  

B 10 -3 -5

M u a n g , S a m u t sa ko rn 2 8  N o v  2 0 0 6 7 .7 4 B 1 0-4-1

M u a n g , S a m u t sa ko rn 28  N ov 2 0 0 6 7 .6 5 B 10 -8 -3

M u a n g , S a m u t sa ko rn 28  A u g  2 0 0 6 7 .5 0 B 15-2-1

M u a n g , S a m u t sa k o rn 2 8  A u g  2 0 0 6 7 .7 0 B 1 5-4-1

M u a n g , S a m u t s a ko rn 2 9  A u g  2 0 0 6 7 .4 7 C 1 0-2-1

M u a n g , S a m u t s a ko rn 2 9  A u g  2 0 0 6 7 .6 6 C 1 0-6-1

M u a n g , S a m u t s a ko rn 2 9  A u g  2 0 0 6 7 .9 6 D 5 -7 -1 , อ ร - 7-2

M u a n g , S a m u t s a ko rn 29  A u g  2 0 0 6 7 .9 2 D 10-1 -1

M u a n g , S a m u t s a ko rn 29  A u g  2 0 0 6 7 .2 3 D 1 0-3-1

M u a n g , S a m u t s a ko rn 29  A u g  2 0 0 6 7 .3 9 D 1 0-5-1

M u a n g , S a m u t s a ko rn 2 9  A u g  2 0 0 6 7 .4 3 D 1 0 -7 -1 , D 1 0 -7 -2

M u a n g , S a m u t s a k o rn 18 A u g  2 0 0 6 7 .8 2 D 1 0 -9 -1 , D 1 0 -9 -2  

D 1 0 -9 -5 , D 1 0 -9 -6

P ra -p a  d a n g , S a m u t p ra ka rn 2 9  N o v  2 0 0 6 4 .8 2 J 4 -2

P ra -p a  d a n g , S a m u t p ra k a rn 29  N o v  2 0 0 6 5 .2 2 J5-1

P ra -p a  d a n g , S a m u t p ra k a rn 2 9  N o v  2 0 0 6 5 .1 8 J 6-1

P ra -p a  d a n g , S a m u t p ra k a rn 2 9  N o v  2 0 0 6 6 .2 5 J8-1
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Table 4.1 Source of mangrove soil samples, isolation date, sample pH, and sample

number that contained antimicrobial producing actinomycètes

L o c a tio n s D a te  o f pH Iso la tio n  no.

iso la tio n

P ra -p a  d a n g , S a m u t p ra ka rn 2 9  N o v  2 0 0 6 4 .4 9 J1 0 -2 , J 1 0 -3

P ra -p a  d a n g , S a m u t p ra ka rn 2 9  N o v  2 0 0 6 5 .5 0 J12-1

P ra -p a  d a n g , S a m u t p ra k a rn 29  N o v  2 0 0 6 5 .5 6 J 1 4 -1 , J 1 4 -2

P ra -p a  d a n g , S a m u t p ra k a rn 29  N o v  2 0 0 6 5 .8 2 J 1 5 -1 , J 1 5 -2

P ra -p a  d a n g , S a m u t p ra k a rn 29  N o v  2 0 0 6 5 .6 0 J 1 6 -1 , J1 6 -2

P ra -p a  d a n g , S a m u t p ra k a rn 29  N o v  2 0 0 6 5 .4 0 J 1 7 -2 , J 1 7 -3

P ra -p a  d a n g , S a m u t p ra ka rn 2 9  N o v  2 0 0 6 5 .6 3 J18-1

P ra -p a  d a n g , S a m u t p ra ka rn 2 9  N o v  2 0 0 6 5 .3 5 J19-1
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A c tin o m y c è te  iso la te s  (50)

A n tim ic ro b ia l a c t iv ity  te s t

S e le c te d  a n tim ic ro b ia l p ro d u c in g  a c t in o m y c è te s  (30)

G ro u p in g  b y  c o lo n y  m o rp h o lo g y  a n d  

A n tim ic ro b ia l a c tiv ity

R e p re s e n ta tiv e  o f p o w d e ry  s p o re  fo rm in g  iso la te s  (17)

R e p re s e n ta tiv e  o f m u c o id  c o lo n ie s  fo rm in g  iso la te s  (1)

Id e n tif ic a t io n

N ew  a c tin o m y c è te s  s p e c ie s  (2)

In te re s tin g  a n tim ic ro b ia l a c t iv ity  (6)

D isc  a g a r  d if fu s io n  te s t 

C h e m ic a l s tru c tu re  e lu c id a tio n  by  

n u c le a r  m a g n e tic  re s o n a n c e

P o ten tia l a n tib io tic  p ro d u c in g  s tra in  (1)

F e rm e n ta tio n , e x tra c tio n , 

c h ro m a to g ra p h y  a n d  n u c le a r 

m a g n e tic  re s o n a n c e  a n a lyse s

S ch e m e  4.1 S c re e n in g , id e n tif ica tio n , fe rm e n ta tio n  and  c h ro m a to g ra p h ic  a n a lyze s .



Table 4.2 Antimicrobial activity of the isolated actinomycètes

In h ib itio ry  a c t iv it ie s

Iso la te E. coli M.luteus 8 . subtilis c. albicans Ps.aeruginosa ร . aureus
No. A T C C A T C C A T C C A T C C A T C C  2 7 8 5 3 A T C C

2 5 9 2 2 9341 1663 3 10231 65 38 P

PH2-1 - - - - - -

S A M 2-1 - - - - ± + + +

S A M 2 -2 - - - - - + + +

SM P2-1 - - - - - -

SM P3-1 + + + - - +

A 5 -8 -1 - - - - - -

A 1 0 -4 -2 - - - - - -

A 1 0-7-1 - - - - - -

B 5-2-1 - - - - - -

B 5-6-1 - - - - - -

B 5-8-1 - - - - - -

B 1 0-3-1 - ± ± - - + +  +  +

B 1 0 -3 -2 - - ± - - +

B 10 -3 -3 - - - - - -

B 10 -3 -4 - + + + + + + + + - - -

B 10 -3 -5 - - - - - -

B 1 0-4-1 - - - - - -

B 10 -8 -3 - - - - - -

B 1 5-2-1 - - - - - -

B 1 5-4-1 - - - - - +

C 1 0-2-1 - +  +  + +  + +  + - + + +

C 1 0-6-1 - +  + +  + + - - +  + +

อ 5-7-1 - - - - + + -

D 5 -7 -2 + - - - - -

D 10-1 -1 - + - - - + + + +

D 1 0-3-1 - - - - - -

D 1 0-5-1 - + - - - -

D 1 0-7-1 - - + - - -

D 1 0 -7 -2 + + + + + + + + + - - + + + +
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Table 4.2 Antimicrobial activity of the isolated actinomycètes

In h ib ito ry  a c tiv it ie s

Iso la te E. coli M.luteus B. subtilis c. albicans Ps.aeruginosa ร. aureus
No. A T C C A T C C A T C C A T C C A T C C  2 7 8 5 3 A T C C

2 5 9 2 2 9341 16 633 10231 65 38 P

D 1 0-9-1 - - + - - -
D 10-9 -2 - - - - - -
D 10 -9 -5 - - - - - -
D 1 0 -9 -6 - - - - - -

J4 -2 - - - - - -

J5-1 - - + ± - -

J6-1 - - - - - +
J8-1 - - ++++ - - ++++

J1 0 -2 - - - - - -
J 1 0 -3 - - - - - ++++
J12-1 - - ++ - - ++
J14-1 - + + - - +
J 1 4 -2 - - + - - ++++
J15-1 + ++++ ++++ - - ++++
J1 5 -2 - ++++ + + - ++++
J16-1 - + + + + + + - - + +

J 1 6 -2 - +  +  + +  + - - + +

J1 7 -2 - - + - - + + + +

J 1 7 -3 - - - - - -

J18 -1 - + + + + + + - + + + +

J19-1 - + + + + + + - +

+ + + + ,  25.1 m m ; + + + ,  2 0 .1 -2 5 .0  m m ; + + 1 1 5 .1 -2 0 .0  m m ; + , 1 0 .1 -1 5 .0  m m ; ± 1 0 -1 0 .0  

m m ; -, no  a c t iv ity
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2 . Identification and characterization of the isolated actinomycètes

A ll 50  iso la te s  w e re  id e n tif ie d  a n d  c h a ra c te r iz e d  b a s e d  on th e ir  m o rp h o lo g ic a l, 

c u ltu ra l, p h y s io lo g ic a l a n d  b io c h e m ic a l c h a ra c te r is t ic s  as sh o w n  in T a b le s  4 .3 -4 .5 .

2.1 M o rp h o lo g ic a l a nd  cu ltu ra l c h a ra c te r iz a tio n s

S p o re  m o rp h o lo g y  a n d  p ig m e n t p ro d u c tio n  o f th e  50  a c tin o m y c è te s  iso la te d  

g ro w n  o n  Y M A  m e d iu m  a t 3 0 ° c  fo r  14 d a y s  a re  sh o w n  in T a b le  4 .3 . T he  s p o re  c h a in s  

w e re  re c t if le x ib ile s  a n d  s p ira ls . T h e re  a re  a lo t o f c o lo rs  o f th e  s p o re  s u c h  as ye llo w ish  

b ro w n , w h ite , b ro w n , g ra y is h  w h ite , o ra n g e , g ra y , e tc . M o re o ve r, s o m e  iso la te s  c o u ld  

p ro d u c e  m a n y  c o lo rs  o f s o lu b le  p ig m e n t เท th e  m e d iu m . M o rp h o lo g ic a l a n d  cu ltu ra l 

c h a ra c te r is t ic s  o f th e  iso la te s  on  d if fe re n t m e d ia  in c u b a te d  fo r  14 d a y s  a re  sh o w n  in 

T a b le  4 .4 . M o s t iso la te s  g re w  b e tte r  on  Y M A  a n d  o a t m ea l a g a r  m e d iu m  th a n  ty ro s in e , 

g ly c e ro l-a s p a ra g in e  a g a r  a n d  in o rg a n ic  s a lt-s ta rc h  a g a r. T h e y  s h o w e d  d if fe re n t co lo rs  

b o th  on  th e  to p  a n d  th e  b o tto m  o f th e  c o lo n ie s  a re  on  d if fe re n t a g a r  m e d ia . C o lo n y  

c o lo r  a n d  c o lo n ia l a p p e a ra n c e  on Y M A  u n d e r lig h t-m ic ro s c o p e  a re  s h o w n  เท T a b le  4 .5 . 

C o lo n ia l a p p e a ra n c e  a n d  s c a n n in g  e le c tro n  m ic ro g ra p h  o f re p re s e n ta tiv e  s tra in s  a re  

sh o w n  เท f ig u re  4 .1 -4 .1 1 . T h ir ty -e ig h t iso la te s  w e re  id e n t if ie d  as strep tom yces  (H o lt, 

1989 ) b a s e d  on  p o w d e ry  c o lo n y  w ith  s p ira l s p o re  c h a in  (5 iso la te s ), a n d  w ith  

re c tif le x ib ile  s p o re  c h a in  (33  iso la te s ). T he  c o lo r  o f s u b s tra te  m y c e liu m  a n d  ae ria l 

m y c e liu m  w e re  v a rie ty ; e x a m p le , w h ite , g ra y , red , o live , y e llo w is h  w h ite , b e ig e , e tc . 

S p o re  T w e lv e  is o la te s  w e re  id e n tif ie d  as M icromonospora  (H o lt, 1989) (K a w a m o to , 

1989 ) b a s e d  on m u c o id  c o lo n y  w ith  v e g e ta t iv e  m y c e liu m , b u t no  a e ria l h yp h a e . S p o re  

o f th e m  w e re  b o rn e  s in g ly  on  th e  s u b s tra te  h y p h a e  h a v in g  a p p ro x im a te ly  d ia m e te r  o f

0 .5 -0 .6  |Tm . T he  c o lo rs  o f th e  s u b s tra te  m y c e liu m  w e re  y e llo w is h  w h ite  to  v iv id  o ra n g e  

a n d  tu rn e d  to  b ro w n is h  b la c k  to  b la c k  a fte r  s p o ru la tio n . T he  re p re s e n ta tiv e  s tra in s , 17 

o f p o w d e ry  c o lo n ie s  iso la te s  e x h ib ite d  a n tim ic ro b ia l a c t iv ity  a n d  1 iso la te  o f m u c o id  

w e re  s e le c te d  fo r  fu r th e r  s tu d ie s . T he  c h e m o ta x o n o m ic  a n d  m o le c u la r  c h a ra c te r is t ic s  

in c lu d in g  th e  p h y lo g e n e tic  a n a ly s e s  b a s e d  on th e ir  16S rD N A  s e q u e n c e  o f th e  s e le c te d  

s tra in s  w e re  c a rr ie d  out.
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Table 4.3 Spore morphology and pigment production of the isolates grown on YMA medium for 14

days

Iso la te  no. S p o re  m o rp h o lo g y S p o re  c o lo r S o lu b le  p ig m e n t

PH2-1 S in g le  s p o re Y e llo w is h  b ro w n -

S A M 2-1 R e c tif le x ib ile s W h ite -

S A M 2 -2 R e c tif le x ib ile s W h ite -

SM P 2-1 S in g le  s p o re B row n P a le  b ro w n

SM P3-1 R e c tif le x ib ile s G ra y ish  w h ite -

A 5 -8 -1 R e c tif le x ib ile s G ra y ish  w h ite -

A 1 0 -4 -2 S in g le  s p o re O ra n g e -

A 1 0-7-1 S p ira l G ra y -

B 5-2-1 S in g le  s p o re O ra n g e -

B 5-6-1 S p ira l W h ite -

B5-8-1 S in g le  s p o re O ra n g e B row n

B 1 0-3 -1 R e c tif le x ib ile s W h ite -

B 10 -3 -2 R e c tif le x ib ile s W h ite -

B 10 -3 -3 S in g le  s p o re B la c k P ale  y e llo w

B 10 -3 -4 S p ira l W h ite O ra n g e  y e llo w

B 10 -3 -5 R e c tif le x ib ile s W h ite -

B 10-4-1 S in g le  s p o re O ra n g e -

B 10 -8 -3 S in g le  s p o re O ra n g e P a le  b ro w n

B 15-2-1 R e c tif le x ib ile s Y e llo w is h  w h ite Y e llo w ish  o ra n g e

B 1 5-4-1 R e c tif le x ib ile s W h ite Y e llo w ish  w h ite

C 1 0-2-1 R e c tif le x ib ile s L ig h t ye llo w is h  b ro w n -

C 1 0 -6 -1 R e c tif le x ib ile s W h ite -

D 5-7-1 R e c tif le x ib ile s W h ite  rose -

D 5 -7 -2 R e c tif le x ib ile s G ra y is h  w h ite -

D 10-1 -1 S p ira l G ra y is h  w h ite -

D 1 0-3-1 R e c tif le x ib ile s G ra y -

D 1 0-5-1 S p ira l W h ite  rose -

D 1 0-7-1 R e c tif le x ib ile s W h ite -ro s e -

□  10 -7 -2 S p ira l G ra y -

D 1 0-9-1 R e c tif le x ib ile s G ra y is h  w h ite P ale  b ro w n

D 1 0 -9 -2 R e c tif le x ib ile s W h ite Y e llo w ish  w h ite
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Table 4.3 Spore morphology and pigment production of the isolates grown on YMA medium for 14

days

Is o la te  no. S p o re  m o rp h o lo g y S p o re  c o lo r S o lu b le  p ig m e n t

D 10 -9 -5 R e c tif le x ib ile s G ra y is h  w h ite -

D 10 -9 -6 S in g le  s p o re O ra n g e O ra n g e

J 4 -2 S in g le  s p o re B la c k -

J5-1 R e c tif le x ib ile s W h ite -

J6-1 R e c tif le x ib ile s W h ite -

J8-1 R e c tif le x ib ile s Y e llo w is h  g re y -

J 1 0 -2 S in g le  s p o re B row n -

J 1 0 -3 S in g le  s p o re B ro w n ish  g o ld B ro w n ish  g o ld

J12-1 R e c tif le x ib ile s W h ite -

J14 -1 R e c tif le x ib ile s W h ite -

J 1 4 -2 R e c tif le x ib ile s W h ite -

J15 -1 S p ira l O live O ra n g e

J1 5 -2 R e c tif le x ib ile s W h ite -

J16-1 R e c tif le x ib ile s W h ite -

J 1 6 -2 R e c tif le x ib ile s W h ite -

J1 7 -2 R e c tif le x ib ile s G ra y is h  w h ite -

J 1 7 -3 R e c tif le x ib ile s B la c k -

J18 -1 R e c tif le x ib ile s W h ite -

J19 -1 R e c tif le x ib ile s W h ite -
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Table 4.4 Morphological and cultural characteristics of the isolates on different media incubated for

14 days

Iso la te  no. M e d iu m G ro w th S p o re  c o lo r C o lo n y  c o lo r

U p p e r  c o lo n y L o w e r c o lo n y

PH2-1 YM + + + Y e llo w ish  b ro w n O ra n g e D a rk  y e llo w ish

T y ro s in e + + + O ra n g e O ra n g e b ro w n

O a tm e a l + + + B la c k B la c k O ra n g e

A s p a ra g in e + + + Y e llo w ish  b ro w n W h ite B la c k

Ino rg . sa lt + +  + O ra n g e Y e llo w is h  w h ite Y e llo w ish  b ro w n

O ra n g e

S A M 2-1 YM + + + W h ite P a le  re d d is h L ig h t re d d is h

y e llo w y e llo w

T y ro s in e +  + W h ite W h ite W h ite

O a tm e a l + + W h ite W h ite W h ite

A s p a ra g in e + + W h ite W h ite W h ite

In o rg . s a lt + + + W h ite W h ite W h ite

S A M 2-2 YM + + + W h ite Y e llo w is h  w h ite O ra n g e  y e llo w

T y ro s in e + + + Y e llo w ish  w h ite W h ite P ale  y e llo w

O a tm e a l +  + Y e llo w ish  w h ite Y e llo w is h  w h ite Y e llo w ish  w h ite

A s p a ra g in e + + + W h ite W h ite W h ite

In o rg . sa lt + + + W h ite W h ite Y e llo w ish  w h ite

SM P2-1 YM + + + B row n O ra n g e D a rk  y e llo w ish

b ro w n

T y ro s in e + + O ra n g e O ra n g e O ra n g e

O a tm e a l + + + B la c k B la c k B la c k

A s p a ra g in e + + + D a rk  o ra n g e O ra n g e O ra n g e

In o rg . s a lt +  + + O ra n g e O ra n g e O ra n g e

SM P3-1 Y M + + + G ra y ish  w h ite R ose S tro n g  y e llo w

T y ro s in e + + + G ra y R ose R ose

O a tm e a l + + + G ra y R ose R ose

A s p a ra g in e + + + P u rp lish  p in k W h ite P ink

Ino rg . sa lt + + + V iv id  re d  p u rp le V iv id  re d  p u rp le V iv id  re d  p u rp le
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Table 4.4 Morphological and cultural characteristics of the isolates on different media incubated for

14 days

Iso la te  no. M e d iu m G ro w th S p o re  c o lo r C o lo n y  c o lo r

U p p e r  c o lo n y L o w e r c o lo n y

A 5-8 -1 YM + + + G ra y ish  w h ite Y e llo w is h  w h ite Y e llo w ish  w h ite

T y ro s in e + +  + G ra y G ra y B lu ish  g ra y

O a tm e a l + + + G ra y L ig h t b lu is h  g ra y G ra y is h  w h ite

A s p a ra g in e +  + + W h ite W h ite P a le  b e ig e

In o rg . sa lt + + + W h ite G ra y is h  w h ite G ra y ish  w h ite

A 10-4 -2 YM + +  + O ra n g e O ra n g e O ra n g e

T y ro s in e + O ra n g e O ra n g e O ra n g e

O a tm e a l +  +  + O ra n g e O ra n g e O ra n g e

A s p a ra g in e + O ra n g e O ra n g e O ra n g e

In o rg . sa lt - - - -

A 1 0-7-1 YM + + + G ra y L ig h t b lu is h  g ra y P ale  b e ig e

T y ro s in e +  +  + G ra y is h  w h ite G ra y B lu ish  g ra y

O a tm e a l + + + G ra y ish  w h ite L ig h t b lu is h  g ra y G ra y is h  w h ite

A s p a ra g in e + + + G ra y is h  w h ite W h ite P ale  b e ig e

In o rg . s a lt + + + W h ite G ra y is h  w h ite G ra y ish  w h ite

B5-2-1 YM + +  + O ra n g e O ra n g e O ra n g e

T y ro s in e +  + + B row n O ra n g e O ra n g e

O a tm e a l + + + G o ld G o ld B row n

A s p a ra g in e +  + B row n O ra n g e B row n

In o rg . s a lt + + O ra n g e O ra n g e O ra n g e

B5-6-1 YM + + + W h ite W h ite P ale  b e ig e

T y ro s in e + + + W h ite P ale  b e ig e P ale  b e ig e

O a tm e a l + + + W h ite W h ite P ale  b e ig e

A s p a ra g in e + + W h ite W h ite Y e llo w ish  w h ite

In o rg . s a lt + + + W h ite W h ite W h ite

B5-8-1 YM + + + O ra n g e O ra n g e O ra n g e

T y ro s in e +  +  + O ra n g e O ra n g e O ra n g e

O a tm e a l +  + + B row n O ra n g e O ra n g e

A s p a ra g in e + + O ra n g e O ra n g e O ra n g e

In o rg . s a lt + O ra n g e O ra n g e O ra n g e
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Table 4.4 Morphological and cultural characteristics of the isolates on different media incubated for

14 days

Iso la te  no. M e d iu m G ro w th S p o re  c o lo r C o lo n y  c o lo r

U p p e r  c o lo n y L o w e r c o lo n y

B 1 0-3-1 YM + + + W h ite W h ite D u ll re d d is h  y e llo w

T y ro s in e +  +  + P ale  y e llo w W h ite B ro w n ish  w h ite

g re e n

O a tm e a l +  +  + W h ite P ale  b e ig e P ale  b e ig e

A s p a ra g in e +  +  + Y e llo w ish  w h ite Y e llo w is h  w h ite Y e llo w ish  w h ite

In o rg . sa lt + +  + Y e llo w ish  w h ite Y e llo w is h  w h ite Y e llo w ish  w h ite

B 10-3 -2 YM + +  + W h ite Y e llo w is h  w h ite B ro w n ish  g o ld

T y ro s in e +  +  + Pale y e llo w P ale  y e llo w B ro w n ish  w h ite

O a tm e a l + + + W h ite Y e llo w is h  w h ite P ale  b e ig e

A s p a ra g in e + + + W h ite W h ite W h ite

In o rg . sa lt + + + W h ite W h ite Y e llo w is h  w h ite

B 10 -3 -3 YM + + + B la c k P a le  o ra n g e P ale  o ra n g e

T y ro s in e +  +  + O ra n g e O ra n g e O ra n g e

O a tm e a l +  +  + B la c k B la c k B la c k

A s p a ra g in e + + + O ra n g e O ra n g e O ra n g e

In o rg . sa lt +  +  + O ra n g e O ra n g e O ra n g e

B 10 -3 -4 YM + +  + Pale p u rp lis h W h ite P ale  y e llo w

p in k

T y ro s in e + + + W h ite W h ite Y e llo w ish  w h ite

O a tm e a l + + + W h ite G ra y is h  w h ite P ale  b e ig e

A s p a ra g in e + + + Y e llo w ish  w h ite Y e llo w is h  w h ite W h ite

Ino rg . s a lt + + + W h ite W h ite W h ite

B 1 0 -3 -5 YM + +  + G ra y ish  w h ite G ra y is h  w h ite G ra y

T y ro s in e + + + P ale  g ra y ish G ra y is h  w h ite Y e llo w is h  w h ite

w h ite

O a tm e a l + + + G ra y W h ite G ra y

A s p a ra g in e + + + G ra y ish  w h ite G ra y is h  w h ite Y e llo w ish  w h ite

In o rg . s a lt + + + R e d d is h  g ra y W h ite G ra y ish  w h ite
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Table 4.4 Morphological and cultural characteristics of the isolates on different media incubated for

14 days

Iso la te  no. M e d iu m G ro w th S p o re  c o lo r C o lo n y  c o lo r

U p p e r  c o lo n y L o w e r c o lo n y

B 1 0-4-1 YM + + + O ra n g e O ra n g e O ra n g e

T y ro s in e - - - -

O a tm e a l +  +  + O ra n g e O ra n g e O ra n g e

A s p a ra g in e - - - -

Ino rg . s a lt - - - -

B 10 -8 -3 YM + + + O ra n g e O ra n g e B row n

T y ro s in e - - - -

O a tm e a l + + + B row n O ra n g e B ro w n ish  o ra n g e

A s p a ra g in e - - - -

Ino rg . s a lt - - - -

B 15-2-1 YM + +  + Y e llo w ish  w h ite P ale  y e llo w O ra n g e  y e llo w

T y ro s in e +  + + W h ite W h ite P ale  ye llo w

O a tm e a l + + + W h ite Y e llo w is h  w h ite O ra n g e  y e llo w

A s p a ra g in e - - - -

In o rg . sa lt +  +  + P ale  y e llo w W h ite P ale  y e llo w

B 1 5-4-1 YM + + + W h ite W h ite Y e llo w ish  w h ite

T y ro s in e + + + W h ite W h ite P a le  y e llo w

O a tm e a l + + + W h ite W h ite Y e llo w ish  w h ite

A s p a ra g in e - - - -

In o rg . sa lt +  +  + W h ite W h ite Pale y e llo w

C 1 0-2-1 YM + + + L ig h t y e llo w ish B ro w n ish  w h ite B ro w n ish  w h ite

b ro w n

T y ro s in e + + + G ra y ish  w h ite W h ite Y e llo w is h  w h ite

O a tm e a l + + + W h ite W h ite W h ite

A s p a ra g in e + + W h ite W h ite W h ite

In o rg . sa lt +  +  + W h ite W h ite W h ite

c 10-6-1 YM + + + W h ite P ale  y e llo w G ra y ish  y e llo w

T y ro s in e - - - -

O a tm e a l + + + G ra y ish  w h ite W h ite G ra y is h  w h ite

A s p a ra g in e +  + W h ite W h ite W h ite

In o rg . sa lt - -
"

-
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Table 4.4 Morphological and cultural characteristics of the isolates on different media incubated for

14 days

Iso la te  no. M e d iu m G ro w th S p o re  c o lo r C o lo n y  c o lo r

U p p e r  c o lo n y L o w e r c o lo n y

อ ร - 7-1 YM + + + W h ite  rose W h ite  rose Y e llo w ish  w h ite

T y ro s in e + + Y e llo w ish  w h ite Y e llo w is h  w h ite w h ite

O a tm e a l +  +  + G ra y ish  w h ite R ose D a rk  red

A s p a ra g in e + + + P ale  g ra y P ale  g ra y D u ll re d d is h  y e llo w

In o rg . s a lt +  +  + P ale  g ra y P ale  g ra y W h ite

อ ร - 7-2 YM + +  + G ra y ish  w h ite G ra y is h  w h ite Y e llo w

T y ro s in e + + P ale  y e llo w ish  

p in k

W h ite Y e llo w ish  w h ite

O a tm e a l + + + G ra y ish  w h ite G ra y Pale red

A s p a ra g in e + + + G ra y G ra y G ra y ish  ye llo w

Ino rg . s a lt +  +  + W h ite Y e llo w  re d R ed

D 10-1 -1 YM + + + G ra y ish  w h ite W h ite G ra y ish  b ro w n

T y ro s in e - - - -

O a tm e a l + + + G ra y G ra y G ra y

A s p a ra g in e + G ra y G ra y D a rk  g ra y

In o rg . sa lt + +  + G ra y ish  w h ite W h ite Y e llo w ish  w h ite

อ  10-3-1 Y M + + + Y e llo w ish  w h ite Y e llo w is h  w h ite Y e llo w ish  w h ite

T y ro s in e + + W h ite W h ite W h ite

O a tm e a l +  + + W h ite W h ite W h ite

A s p a ra g in e - - - -

Ino rg . s a lt + + + P ale  re d d is h  

y e llo w

W h ite L ig h t re d d is h  

y e llo w

D 1 0-5-1 YM + +  + W h ite  rose W h ite Y e llo w ish  w h ite

T y ro s in e +  + G ra y ish  w h ite G ra y is h  w h ite G ra y ish  w h ite

O a tm e a l + + + P ale  g ra y G ra y G ra y is h  w h ite

A s p a ra g in e +  +  + G ra y ish  w h ite G ra y is h  w h ite G ra y

Ino rg . s a lt +  +  + G ra y ish  w h ite G ra y is h  w h ite R ed
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Table 4.4 Morphological and cultural characteristics of the isolates on different media incubated for

14 days

Iso la te  no. M e d iu m G ro w th S p o re  c o lo r C o lo n y  c o lo r

U p p e r  c o lo n y L o w e r c o lo n y

D 10-7 -1 YM + +  + W h ite -ro s e Y e llo w is h  w h ite Y e llo w ish  w h ite

T y ro s in e +  +  + Y e llo w ish  w h ite Y e llo w is h  w h ite Y e llo w ish  w h ite

O a tm e a l + + + G ra y ish  red W h ite -ro s e G ra y is h  red

A s p a ra g in e + + + G ra y ish  re d G ra y is h  re d D a rk  g ra y

Ino rg . s a lt +  +  + G ra y ish  w h ite R ed R ed

D 10 -7 -2 Y M + +  + G ra y G ra y O ra n g e  y e llo w

T y ro s in e - - - -

O a tm e a l + + + G ra y G ra y P ale  p in k

A s p a ra g in e + G ra y ish  w h ite G ra y ish  w h ite G ra y ish  w h ite

In o rg . sa lt + + + G ra y ish  w h ite Y e llo w  re d Red

D 1 0-9-1 YM + +  + G ra y ish  w h ite Y e llo w is h  w h ite G ra y is h  b ro w n

T y ro s in e +  +  + G ra y ish  w h ite W h ite Y e llo w is h  w h ite

O a tm e a l +  +  + W h ite W h ite Y e llo w ish  w h ite

A s p a ra g in e + + + W h ite W h ite Y e llo w ish  w h ite

In o rg . sa lt +  + + W h ite W h ite Y e llo w ish  w h ite

D 10 -9 -2 Y M +  +  + Y e llo w ish  w h ite Y e llo w is h  w h ite Y e llo w ish  w h ite

T y ro s in e - - - -

O a tm e a l +  +  + W h ite W h ite W h ite

A s p a ra g in e - - - -

Ino rg . sa lt - - - -

D 1 0 -9 -5 YM + +  + G ra y ish  w h ite G ra y is h  w h ite Y e llo w ish  w h ite

T y ro s in e +  + Y e llo w ish  w h ite W h ite Y e llo w ish  w h ite

O a tm e a l +  + + L ig h t m e d iu m  

g ra y

G ra y is h  w h ite M e d iu m  g ra y

A s p a ra g in e + +  + L ig h t m e d iu m  

g ra y

G ra y is h  w h ite Y e llo w ish  w h ite

In o rg . s a lt +  +  + B ro w n ish  g ra y W h ite Y e llo w is h  g ra y
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Table 4.4 Morphological and cultural characteristics of the isolates on different media incubated for

14 days

Iso la te  no. M e d iu m G ro w th S p o re  c o lo r C o lo n y  c o lo r

U p p e r  c o lo n y L o w e r c o lo n y

D 10 -9 -6 YM + +  + B row n O ra n g e B ro w n ish  o ra n g e

T y ro s in e +  + B row n O ra n g e B row n

O a tm e a l + + + B row n O ra n g e O ra n g e

A s p a ra g in e +  +  + B row n O ra n g e B ro w n ish  o ra n g e

In o rg . s a lt +  +  + B row n O ra n g e B ro w n ish  o ra n g e

J 4 -2 YM + +  + B la c k O ra n g e  y e llo w B la c k

T y ro s in e + + B row n O ra n g e B row n

O a tm e a l +  + + B la c k O ra n g e B la c k

A s p a ra g in e + + + B la c k O ra n g e B la c k

Ino rg . s a lt + +  + B ro w n ish  b la c k O ra n g e B la c k

J5-1 YM + + + W h ite Y e llo w ish  w h ite L ig h t y e llo w ish

b ro w n

T y ro s in e - - - -

O a tm e a l - - - -

A s p a ra g in e - - - -

In o rg . sa lt - - - -

J6-1 YM + +  + W h ite O ra n g e O ra n g e

T y ro s in e + +  + W h ite W ite Y e llo w ish  w h ite

O a tm e a l +  +  + W h ite O ra n g e Pale b e ig e

A s p a ra g in e +  + + W h ite O ra n g e  w h ite O ra n g e  w h ite

In o rg . sa lt +  +  + W h ite O ra n g e  w h ite W h ite

J8-1 YM + + + Y e llo w ish  g re y Y e llo w is h  g re y B ro w n ish  g o ld

T y ro s in e + W h ite W h ite W h ite

O a tm e a l + + + W h ite W h ite Y e llo w ish  w h ite

A s p a ra g in e + W h ite W h ite B ro w n ish  g o ld

Ino rg . sa lt - - - -
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Table 4.4 Morphological and cultural characteristics of the isolates on different media incubated for

14 days

Iso la te  no. M e d iu m G ro w th S p o re  c o lo r C o lo n y  c o lo r

U p p e r  c o lo n y L o w e r c o lo n y

J 1 0 -2 Y M + + + B row n O ra n g e O ra n g e

T y ro s in e - - - -

O a tm e a l +  +  + B row n O ra n g e B la c k

A s p a ra g in e - - - -

In o rg . sa lt - - - -

J 1 0 -3 YM + + + B ro w n ish  g o ld B ro w n ish  g o ld B ro w n ish  g o ld

T y ro s in e +  + P ale  b e ig e P ale  b e ig e P a le  b e ig e

O a tm e a l - - - -

A s p a ra g in e - - - -

In o rg . sa lt - - - -

J12 -1 Y M + + + W h ite Y e llo w is h  w h ite Y e llo w is h  w h ite

T y ro s in e + + W h ite W h ite W h ite

O a tm e a l +  + W h ite W h ite W h ite

A s p a ra g in e - W h ite W h ite W h ite

In o rg . s a lt - W h ite Y e llo w is h  w h ite Y e llo w ish  w h ite

J14-1 Y M + + + W h ite W h ite Y e llo w is h  w h ite

T y ro s in e + + W h ite -v iv id  re d W h ite W h ite

O a tm e a l - - - -

A s p a ra g in e - - - -

In o rg . sa lt - - - -

J 1 4 -2 YM + +  + W h ite O ra n g e O ra n g e

T y ro s in e + + + W h ite P a le  o ra n g e P a le  o ra n g e

O a tm e a l +  +  + W h ite P a le  o ra n g e P ale  o ra n g e

A s p a ra g in e +  + P ale  o ra n g e P a le  o ra n g e P a le  o ra n g e

In o rg . sa lt + + W h ite P ale  o ra n g e P ale  o ra n g e

J15-1 YM + +  + O live O liv e O live

T y ro s in e +  +  + G re e n ish  g ra y G ra y G re e n is h  g ra y

O a tm e a l +  +  + O live O live B ro w n ish  g o ld

A s p a ra g in e +  + + Pale o live P a le  o liv e G re e n is h  g ra y

In o rg . sa lt +  +  + O live O liv e G re e n is h  g ra y
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Table 4.4 Morphological and cultural characteristics of the isolates on different media incubated for

14 d a y s

Iso la te  no. M e d iu m G ro w th S p o re  c o lo r C o lo n y  c o lo r

U p p e r  c o lo n y L o w e r c o lo n y

J 1 5 -2 YM + +  + W h ite W h ite Y e llo w is h  w h ite

T y ro s in e + +  + W h ite W h ite W h ite

O a tm e a l + + + W h ite W h ite W h ite

A s p a ra g in e +  +  + W h ite W h ite P ale  b e ig e

Ino rg . s a lt +  +  + W h ite Y e llo w is h  w h ite Y e llo w is h  w h ite

J16-1 YM + +  + W h ite Y e llo w is h  w h ite P ale  g re e n ish  

y e llo w

T y ro s in e - - - -

O a tm e a l + + + W h ite W h ite W h ite

A s p a ra g in e - - - -

In o rg . s a lt +  +  + W h ite W h ite Y e llo w ish  w h ite

J1 6 -2 YM + +  + W h ite W h ite Y e llo w ish  w h ite

T y ro s in e + Y e llo w ish  w h ite W h ite W h ite

O a tm e a l + + + W h ite W h ite W h ite

A s p a ra g in e + W h ite W h ite Y e llo w ish  w h ite

In o rg . sa lt + + + W h ite W h ite Y e llo w ish  w h ite

J 1 7 -2 Y M + + + G ra y ish  w h ite Y e llo w is h  w h ite Y e llo w ish  w h ite

T y ro s in e + + + G ra y ish  b ro w n G ra y is h  b ro w n P ale  b e ig e

O a tm e a l + + + G ra y D a rk  b ro w n B la c k

A s p a ra g in e + G ra y is h  b ro w n G ra y ish  b ro w n B row n

In o rg . s a lt +  +  + G ra y ish  w h ite Y e llo w is h  w h ite P ale  b e ig e

J 1 7 -3 YM + +  + B la ck O ra n g e B la c k

T y ro s in e + + + D a rk  b ro w n D a rk  b ro w n G ra y

O a tm e a l + + + B la c k O ra n g e B la c k

A s p a ra g in e + + + B row n O ra n g e  b ro w n B row n

In o rg . sa lt + +  + O ra n g e O ra n g e P ale  b e ig e
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Table 4.4 Morphological and cultural characteristics of the isolates on different media incubated for

14 d a y s

Iso la te  no. M e d iu m G ro w th S p o re  c o lo r C o lo n y  c o lo r

U p p e r  c o lo n y L o w e r c o lo n y

J18-1 YM + + + W h ite W h ite Y e llo w ish  w h ite

T y ro s in e + W h ite W h ite W h ite

O a tm e a l +  +  + W h ite W h ite Y e llo w ish  w h ite

A s p a ra g in e +  + W h ite W h ite W h ite

In o rg . sa lt +  + W h ite W h ite W h ite

J 19-1 Y M + + + W h ite W h ite Y e llo w ish  w h ite

T y ro s in e - - - -

O a tm e a l + + + G ra y ish  w h ite W h ite W h ite

A s p a ra g in e - - - -

In o rg . s a lt + + + W h ite W h ite Y e llo w ish  w h ite

Y M , Y e a s t e x tra c t-M a lt  e x tra c t a g a r; T y ro s in e , T y ro s in e  a g a r; O a tm e a l, O a tm e a l a g a r  (D ifc o ); 

A s p a ra g in e , G ly c e ro l-a s p a ra g in e  a g a r; Ino rg . sa lt, In o rg a n ic  s a lt-s ta rc h  a g a r  

+ + + 1 g o o d ; + + 1 m o d e ra te ; +, p o o r; -, no g ro w th
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F ig u re  4.1 S ca n n in g  e le c tro n  m ic ro g ra p h  o f Streptomyces sp. S A M 2-1  g ro w n  on  Y M A  m e d iu m

(14  da ys)

F igu re  4 .2  S ca n n in g  e le c tro n  m ic ro g ra p h  and  co lo n ia l a p p e a ra n c e  o f Streptomyces sp . S M P 3-1

g ro w n  on  Y M A  m e d iu m  (14  d a ys )
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Figure 4.3 Scanning electron micrograph and colonial appearance of S t r e p t o m y c e s  sp. B15-4 grown

on YMA medium (7 days)
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Figure 4.4 Scanning electron micrograph and colonial appearance of S t r e p t o m y c e s  sp. C10-6 grown

on YMA medium (7 days)
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F ig u re  4 .5  S ca n n in g  e le c tro n  m ic ro g ra p h  o f Streptomyces sp. D 1 0 -5  g ro w n  on Y M A  m e d iu m

(7  d a ys)

F igu re  4 .6  S c a n n in g  e le c tro n  m ic ro g ra p h  a n d  co lo n ia l a p p e a ra n c e  o f Streptomyces sp. 

D 10 -7 -2  g ro w n  on  Y M A  m e d iu m  (7 d a ys )



60

Figure 4.7 Scanning electron micrograph and colonial appearance of S t r e p t o m y c e s  sp. J8-1 grown

on YMA medium (7 days)
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Figure 4,8 Scanning electron micrograph and colonial appearance of S t r e p t o m y c e s  sp. J15-1 grown

on YMA medium (7 days)
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F igu re  4 .9  S ca n n in g  e le c tro n  m ic ro g ra p h  and  c o lo n ia l a p p e a ra n c e  o f Streptomyces sp. J1 7 -2  g row n

on Y M A  m e d iu m  (14  d a ys )
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F igu re  4 .1 0  S c a n n in g  e le c tro n  m ic ro g ra p h  and  co lo n ia l a p p e a ra n c e  o f Micromonospora sp. 

B 5-2 -1  g ro w n  on  Y M A  m e d iu m  (7 d a ys)
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Figure 4.11 Scanning electron micrograph and colonial appearance of M i c r o m o n o s p o r a  sp.

B5-8-1 grown on YMA medium (7 days)
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Iso la te  no. C o lo n ia l C o lo n y  c o lo r

a p p e a ra n c e U p p e r L o w e r

PH2-1 M u c o id O ra n g e D a rk  ye llo w is h  b ro w n

S A M 2-1 P o w d e ry P ale  re d d is h  y e llo w L ig h t re d d is h  y e llo w

S A M 2 -2 P o w d e ry Y e llo w ish  w h ite O ra n g e  y e llo w

SM P2-1 M u c o id O ra n g e D a rk  y e llo w is h  b ro w n

SM P3-1 P o w d e ry R ose S tro n g  y e llo w is h  y e llo w

A 5-8 -1 P o w d e ry Y e llo w ish  w h ite Y e llo w is h  w h ite

A 10 -4 -2 M u c o id O ra n g e O ra n g e

A 10 -7 -1 P o w d e ry L ig h t b lu ish  g ra y P a le  b e ig e

B5-2-1 M u c o id O ra n g e O ra n g e

B5-6-1 P o w d e ry W h ite P ale  b e ig e

B5-8-1 M u c o id O ra n g e O ra n g e

B 10-3-1 P o w d e ry W h ite D u ll re d d is h  y e llo w

B 1 0 -3 -2 P o w d e ry Y e llo w ish  w h ite B ro w n ish  g o ld

B 10 -3 -3 M u c o id Pale o ra n g e P ale  o ra n g e

B 10 -3 -4 P o w d e ry W h ite P a le  ye llo w

B 10 -3 -5 P o w d e ry W h ite P ale  b e ig e

B 10-4-1 M u c o id O ra n g e O ra n g e

B 10 -8 -3 M u c o id O ra n g e B row n

B 1 5-2-1 P o w d e ry P ale  y e llo w O ra n g e  y e llo w

B 1 5-4-1 P o w d e ry W h ite Y e llo w is h  w h ite

C 1 0-2-1 P o w d e ry B ro w n ish  w h ite B ro w n ish  w h ite

C 1 0-6-1 P o w d e ry P ale  y e llo w G ra y is h  y e llo w

D 5-7-1 P o w d e ry W h ite  rose Y e llo w ish  w h ite

D 5 -7 -2 P o w d e ry G ra y ish  w h ite R e d ish  y e llo w

D 10-1 -1 P o w d e ry W h ite G ra y is h  b ro w n

D 1 0-3-1 P o w d e ry Y e llo w ish  w h ite Y e llo w is h  w h ite

D 1 0-5-1 P o w d e ry W h ite Y e llo w ish  w h ite

D 1 0-7-1 P o w d e ry Y e llo w ish  w h ite Y e llo w ish  w h ite

D 1 0 -7 -2 P o w d e ry G ra y O ra n g e  y e llo w

D 1 0-9-1 P o w d e ry Y e llo w ish  w h ite G ra y is h  b ro w n

D 10 -9 -2 P o w d e ry Y e llo w ish  w h ite Y e llo w is h  w h ite
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Is o la te  no. C o lo n ia l C o lo n y  c o lo r

a p p e a ra n c e T o p B o ttom

D 1 0 -9 -5 P o w d e ry G ra y ish  w h ite Y e llo w ish  w h ite

D 10 -9 -6 M u c o id O ra n g e B ro w n ish  o ra n g e

J4 -2 M u c o id O ra n g e  y e llo w b la c k

J5-1 P o w d e ry Y e llo w ish  w h ite L ig h t ye llo w is h  b ro w n

J6-1 P o w d e ry O ra n g e O ra n g e

J8-1 P o w d e ry Y e llo w ish  g re y B ro w n ish  g o ld

J1 0 -2 M u c o id O ra n g e O ra n g e

J 1 0 -3 M u c o id B ro w n ish  g o ld B ro w n ish  g o ld

J12 -1 P o w d e ry Y e llo w ish  w h ite Y e llo w is h  w h ite

J14-1 P o w d e ry W h ite P a le  y e llo w

J 1 4 -2 P o w d e ry O ra n g e O ra n g e

J15-1 P o w d e ry O live O live

J 1 5 -2 P o w d e ry W h ite P a le  y e llo w

J16-1 P o w d e ry Y e llo w ish  w h ite P ale  g re e n is h  y e llo w

J1 6 -2 P o w d e ry W h ite Y e llo w ish  w h ite

J 1 7 -2 P o w d e ry Y e llo w ish  w h ite Y e llo w is h  w h ite

J 1 7 -3 M u c o id O ra n g e b la c k

J18-1 P o w d e ry W h ite P a le  b e ig e

J19-1 P o w d e ry W h ite Y e llo w ish  w h ite
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2 .2  P h y s io lo g ic a l and  b io c h e m ic a l c h a ra c te r is t ic s

M o s t o f 50 s tra in s  g re w  on Y M A  m e d iu m  c o n ta in in g  2 %  a n d  4 %  N aC I, at 

pH  5.0, 7.0, 9.0, 10.0, a n d  a t 28°c o r 45°c, w h e re a s  fe w e r  s tra in s  g re w  in 6%  N aC I, a ll 

s tra in s  c o u ld  n o t g ro w  a t pH  4, a n d  a t 10°c. T h e ir p h y s io lo g ic a l c h a ra c te r is t ic s  o f w e re  

sh o w n  in T a b le  4 .6 .

T he  b io c h e m ic a l c h a ra c te r is t ic s  o f th e  30  a n tim ic ro b ia l p ro d u c in g  

a c t in o m y c è te s  c o u ld  n o t h y d ro ly s e  ch itin . M o s t s tra in s  re d u c e d  n itra te , c o a g u la te d  

sk im  m ilk , h y d ro ly s e d  s ta rc h  a n d  liq u e fie d  g e la t in , w h e re a s  s o m e  s tra in s  fo rm e d  

m e la n in , b u t all s tra in s  d id  n o t p ro d u c e d  H2S (T a b le  4 .7 ). M o s t s tra in s  u s e d  g lu c o s e , 

g ly c e ro l, L -a ra b in o s e , D -xy lo se , m a n n ito l, fru c to s e , s u c ro s e , rh a m n o s e , a n d  ra ffin o se , as 

s in g le  c a rb o n  s o u rc e s  (T a b le  4 .8 ).



6 8

Table 4.6 Physiological characteristics of the antimicrobial producing actinomycètes isolated grown

on YMA medium at various conditions

Iso la te N aC I pH T e m p e ra tu re

no. 2 % 4 % 6% 4 5 7 9 10 10° c 28° c 4 5 ° c

PH2-1 - + + - + + + + - + +

S A M 2-1 + + + - ± + + + - + +

S A M 2 -2 + + - - - + + + - + +

SM P2-1 + + + - - + + + - + +

SM P3-1 - + - - - - + + - + +

A 5-8 -1 + + + - + + + + - + +

A 1 0 -4 -2 - - - - - + + - - + +

A 1 0-7-1 + + + - - + + + - + +

B5-2-1 + + + - + + + - + +

B5-6-1 + + + - - + + + - + +

B 5-8-1 - + + - - + + - - + +

B 1 0-3-1 + + - - + + + + - + +

B 10 -3 -2 - - - - + + + - - + +

B 10 -3 -3 - + + - - + + + - + +

B 10 -3 -4 + + + - - + + + - + +

B 1 0 -3 -5 + + + - - + + + - + +

B 1 0-4-1 - - + - - + + - - + +

B 10-8 -3 - - + - + + + + - + +

B 1 5-2-1 + + + - - + + + - + +

B 1 5-4-1 + + + - - + + + - + +

C 1 0-2-1 + - - - - + + - - + +

C 1 0-6-1 + + - - - + + - - + +

D 5-7-1 + + + - - + + + - + +

D 5 -7 -2 - + + - - + + + - + +

D 10-1 -1 + + + - + + + - + +

D 1 0-3-1 + + + - - + + + - + +

D 1 0-5-1 + + + - + + + + - + +

D 1 0-7-1 + + + - - + + + - + +

D 10 -7 -2 - + + - - + + + - + +

D 1 0-9-1 + + + + + + + +



69
Table 4.6 Physiological characteristics of the antimicrobial producing actinomycètes isolated grown

on YMA medium at various conditions

Iso la te N aC I pH T e m p e ra tu re

no. 2 % 4 % 6% 4 5 7 9 10 10° c 28° c 4 5 ° c

D 10 -9 -2 + + + - + + + - - + ±
D 10 -9 -5 + + + - - + + + - + +

D 10 -9 -6 - + + - + + + + - + +

J 4 -2 - + + - + + + + - + +

J5-1 - - - - ± + + + - + +

J6-1 + + + - + + + + - + +

J8-1 - - - - - + + - - + +

J 1 0 -2 - + + - + + + + - + +

J 1 0 -3 ± + + - - + + + - + +

J12-1 + + + - + + + + - + +

J14-1 - + + - - + + - - + +

J1 4 -2 - + + - - + + + - + +

J15-1 + + - - + + + + - + +

J1 5 -2 + + + - - + + + - + +

J16-1 + + + - ± + + + - + +

J1 6 -2 + + -I- - - + + + - + +

J1 7 -2 + + + - + + + + - + +

J 1 7 -3 + + + - - + + + - + +

J18-1 + + + - - - + + - + +

J19-1 - + + - - + + - - + +
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Table 4.7 Biochemical characteristics of the antimicrobial producing actinomycètes isolated
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T a b le  4 .7  B io c h e m ic a l c h a ra c te r is tic s  o f  th e  a n tim ic ro b ia l p ro d u c in g  a c tin o m y c è te s  iso la te d

Iso la te  no.

N
0

3 
re

d
u

ct
io

n
C
๐
๐
■๐
ร
๐.
0ว~ CM

M
e

la
n

in
 f

o
rm

a
tio

n

S
ta

rc
h

 h
yd

ro
ly

si
s

C
h

iti
n

 h
yd

ro
ly

si
s

G
e

la
tin

 l
iq

u
e

fa
ct

io
n

S k im  m ilk

C
o

a
g

u
la

tio
n

P
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p
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n
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a
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J 1 0 -3 + - - + - + - -

J12-1 + - - + - + + +

J14-1 + - - + - + + +

J 1 4 -2 + - - + - + + +

J15-1 + - - + - + + +

J 1 5 -2 + - - + - - + + +

J16-1 + - - + - - + + +

J1 6 -2 + - - + - + + +

J1 7 -2 + - - + - + - 4-

J18 -1 + - - 4- - + + 4-

J19-1 + - - + - + - -



T a b le  4 .8  u t il iz a t io n  o f  v a r io u s  c a rb o n  s o u rc e s  by  th e  a n tim ic ro b ia l p ro d u c in g  is o la te d  a c tin o m y c è te s  

a t 30°c fo r  14 d a ys
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Iso la te

no.
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S A M 2-1 - - + + + + - - + +

S A M 2 -2 - - + + + + + + + +

SM P3-1 - + + - - + - + - -

B5-2-1 + + + + + - - + + -

ธ 5-8-1 - + + - - - - + - -

B 10-3-1 - + + - - + - - +

B 10 -3 -2 + + + - - + - - + +

B 10 -3 -4 - + + - - + + - + +

B 1 5-4-1 + ± - - - - - - + -

c 10-2-1 - - + - + - - - - -

C 1 0-6-1 + + + - - - - + - -

D 5-7-1 + + + + - + - + + -

D 5 -7 -2 + + + - - - - + + -

D 10-1 -1 + + + + + + + - - +

D 1 0-5-1 + -I- + + + + + + + +

D 1 0-7-1 + + + - - + + + + -

D 10 -7 -2 + + + + + + + + + +

D 1 0-9-1 - - - + + + + + - -

D 10 -9 -6 - + + - - - - + - -

ป5-1 - - + - - + - - + -

J6-1 - + + + + + + + + +

J8-1 - + + + + + + + + +



T a b le  4 .8  u t il iz a t io n  o f  v a r io u s  c a rb o n  s o u rc e s  by  th e  a n tim ic ro b ia l p ro d u c in g  iso la te d  a c tin o m y c è te s  

a t 30°c fo r  14 d a ys
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J 1 0 -3 - + + - - - + - + -

J12 -1 - - - - - - + - - -

J14 -1 - - + - - - - - - -

J1 4 -2 - + + - - + + + + +

J15-1 - + + + + + + - + -

J1 5 -2 - - + - - - - + + -

J16 -1 - + + - - + + - - -

J1 6 -2 - + - - - - - - + -

J 1 7 -2 - + + + + - - + + -

J18-1 + + + + + + + + + +

J19-1 + + + + + + + _ + +

R e su lts  w e re  re c o rd e d  a s  fo llo w s :

+ 1 P o s itive  w h e n  g ro w th  on  te s te d  c a rb o n  in b a s a l m e d iu m  is e q u a l to  o r  g re a te r  tha n  g ro w th  on 

b a s a l m e d iu m  p lu s  g lu c o s e ; ± 1 d o u b tfu l w h e n  g ro w th  on  te s te d  c a rb o n  is s ig n if ic a n t ly  b e tte r  

th a n  on  th e  b a s a l m e d iu m  w ith o u t c a rb o n , b u t s o m e w h e re  le ss  th a n  on th e  b a s a l m e d iu m  p lu s  

g lu c o s e ; -, n e g a tiv e  w h e n  g ro w th  is s im ila r  to  o r  le ss  th a n  g ro w th  o n  b a s a l m e d iu m  w ith o u t 

c a rb o n  (u tiliz a tio n  is a lw a y s  re c o rd e d  a s  n e g a tiv e  if  g ro w th  is n o t b e t te r  th a n  no c a rb o n  co n tro l).
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2 .3  C h e m o ta x o n o m ic  c h a ra c te r is tic s

C e ll w a ll c o m p o s it io n  o f th e  re p re s e n ta tiv e  s tra in s , iso la te  n u m b e r 

S A M 2 -1 , S M P 3-1 , B 1 0 -3 -1 , B 1 0 -3 -2 , B 1 0 -3 -4 , B 1 5 -4 -1 , C 1 0 -2 , C 1 0 -6 , D 5 -7 -1 , D 10 -1 -1 . 

D 1 0 -5 -1 , D 1 0 -7 -2 , J8 -1 , J1 5 -1 , J1 6 -1 , J1 7 -2  a n d  J18-1  w e re  L -d ia m in o p im e lic  a c id  (L - 

D AP) (T a b le  4 .9 ), in d ic a t in g  th a t th e se  s tra in s  h ave  w a ll c h e m o ty p e  I as  d e s c r ib e d  b y  

L e c h e v a lie r  & L e c h e v a lie r  (19 70 ), w h ic h  is th e  ce il w a ll ty p e  o f Strep tom yces  sp . as 

d e s c r ib e d  b y  S c h le ife r  & K a n d le r  (19 72 ). T he  m a jo r m e n a q u in o n e s  o f 4 te s te d  s tra in s  

w e re  M K -9 (H 6) (3 3 .2 % -6 7 .6 % ), a n d  M K-9(H g) (3 2 .4 % -6 6 .8 % ). G + C  D N A  c o n te n ts  o f 

th e  4  re p re s e n ta tiv e  s tra in s  ra n g e d  6 9 -7 3 .8  ทาo l%  w h ic h  w e re  s im ila r  to  th o se  o f 

Strep tom yces  sp . (6 9 -7 8  ทาo l% ).

S tra in  B5-8-1 c o n ta in e d  m e s o -d ia m in o p im e lic  a c id , in d ic a te d  th a t th is  

s tra in  h ad  ce ll w a ll c h e m o ty p e  II, w h ic h  w a s  th e  ce ll w a ll ty p e  o f Micromonospora  as 

d e s c r ib e d  b y  S c h le ife r  & K a n d le r  (1972 ). G + C  D N A  c o n te n t o f B5-8-1 s tra in  w a s  no t 

d e te rm in e d , b u t n o rm a lly  G + C  D N A  c o n te n ts  o f Micromonospora  s p e c ie s  w e re  7 1 -73  

ทาo l% . T he  m a jo r  m e n a q u in o n e  o f Micromonospora  w e re  M K -9 (H 4), M K -1 0 (H 4).



T a b le  4 .9  D N A  G + C  co n te n ts , D ia m in o p im e lic  ac id  typ e , a nd  %  o f m e n a q u in o n e  o f th e
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re p re s e n ta tiv e  s tra in s

Iso la te  no. G + C  c o n te n t 

(m o l% )

D ia m in o p e m ilic  a c id  ty p e  

m e so -D A P  L -D A P

%  o f M e n a q u in o n e  

M K-9(H g) M K -9 (H 8)

S A M 2-1 - + 5 1 .6 4 8 .4

SM P3-1 - + 33.2 6 6 .8

B5-8-1 + -

B 1 0-3-1 - +

B 10 -3 -2 - + 6 7 .6 32.4

B 10 -3 -4 - +

B 1 5-4-1 - +

C 1 0 -2 - +

C 1 0 -6 - + 4 3 .4 56 .6

D 5-7-1 72 .2 9 - +

D 10-1-1 6 9 .0 3 - +

D 1 0-5-1 72 - +

D 10 -7 -2 - +

J8-1 7 3 .8 4 - +

J15-1 - +

J16-1 - +

J1 7 -2 - +

J18-1 70 .2 7 - +
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2 .4  16S  rD N A  s e q u e n c e  a n a ly s is  and  p h y lo g e n e tic  tre e  c o n s tru c t io n

2.4.1  16S  rD N A  a m p lific a tio n  by P C R

C h ro m o s o m a l D N A s o f the  re p re s e n ta tiv e  s tra in s  (S A M 2 -1 , S M P 3-1 , B 15-4 , D IO - 

1, D 10 -5 , J8 -1 , a n d  J 1 7 -2 ) w e re  u se d  as D N A  te m p la te s  fo r  16S rD N A  a m p lif ic a tio n  by  

PCR. P rim e rs  o f S A M 2 -1 , B 15 -4 , D 10 -1 , D 10 -5 , J8 -1 , a n d  J1 7 -2  s tra in s  w e re  357R , 

802R , 1115R , 154 1R  a n d  the  p rim e rs  o f SM P3-1 w a s  27f, 5 30 f, a n d  1 11 4 f. A ll o f th em  

c le a r ly  y ie ld  ~  1 .5  kb  PC R  p ro d u c t w h ic h  th e ir  s ize s  c o rre s p o n d e d  w e ll w ith  the  s ize  o f 

16S rD N A . T he  a m p lif ie d  16S rD N A  fra g m e n t w a s  d ig e s te d  w ith  EcoR I a n d  the  

re s tr ic tio n  fra g m e n ts  w e re  a n a ly z e d  in 1%  a g a ro s e  g e l e le c tro p h o re s is .

2 .4 .2  16S  rD N A  s e q u e n ce

T he  n u c le o tid e  s e q u e n c e s  o f 16S  rD N A  a m p lif ie d  fra g m e n t o f the  

re p re s e n ta tiv e  s tra in  w e re  d e te rm in e d  b y  th e rm a l c y c le  D N A  s e q u e n c in g  m e th o d . The  

o b ta in e d  n u c le o tid e  s e q u e n c e s  a re  illu s tra te d  in A P P E N D IX  c .  T he  1 6 S  rD N A  

s e q u e n c e  a lig n m e n t re su lts  b e tw e e n  the  re p re s e n ta tiv e  s tra in s  a n d  th o s e  o f a ll o f v a lid ly  

d e s c r ib e d  Streptomyces s p e c ie s .

2 .4 .3  16S  rD N A  s e q u e n c e  a n a ly s is  a nd  p h y lo g e n e tic  tre e  c o n s tru c tio n

T he  a lm o s t c o m p le te  16S rD N A  s e q u e n c e s  c o n s is tin g  o f 1 ,070- 

1 ,542  n u c le o tid e s  w e re  d e te rm in e d  fo r  a ll o f re p re s e n ta tiv e  s tra in s ; 1 ,394  nt fra g m e n t 

w a s  u s e d  fo r  p h y lo g e n e tic  a n a ly s is  o f F igu re  4 .12 , s im ila r ity  p e rc e n ta g e  c a lc u la tio n , a nd  

c o m p a re d  w ith  16S  rD N A  d a ta b a s e  s e q u e n c e s  o f m e m b e rs  o f the  fa m ily  

streptomycetaceae. T he  p h y lo g e n e tic  tre e  w a s  c o n s tru c te d  fro m  e vo lu tio n a ry

d is ta n c e s  b y  u s in g  n e ig h b o r- jo in in g  m e th o d  in the  M E G A  s o ftw a re  p ro g ra m e  ve rs io n

2.1.

Phylogenetic analysis of the almost complete 16S rDNA
sequence of the tested organisms with the corresponding sequences of all the type
strains of validly described S t r e p t o m y c e s  species, selected sequences of A c t i n o p l a n e s



s p e c ie s  1 a n d  Micromonospora sp. as an o u tg ro u p  as sh o w n  in F igu re  4 .1 2  T a b le  4 .10  

a n d  F ig u re  4 .1 3  T a b le  4 .1 1 , re s p e c tiv e ly . It is e v id e n t fro m  fig u re  12 th a t S A M 2-1 , B 15- 

4, D 10 -1 , a n d  J 1 7 -2  s tra in s  fo rm  d is t in c t p h y le t ic  line s  in th e  1 ธ ร  Streptomyces rD N A  

tree

T he  tw o  s tra in s  o f Streptomyces (SAM 2-1 a n d  B 1 5-4 ) s h a re d  1 ธ ร  

rD N A  n u c le o tid e  s im ila r it ie s  w ith in  th e  ra n g e  9 7 .7 % , v a lu e s  w h ic h  c o rre s p o n d  to  32 

n u c le o tid e  d if fe re n c e s . s tra in  SAM 2-1 s h o w e d  a lm o s t id e n tic a l p h y s io lo g ic a l a nd  

b io c h e m ic a l p ro p e rt ie s  to  B 15-4 .

T he  o th e r tw o  s tra in s  o f Streptomyces (D 10-1  a n d  J1 7 -2 ) s h o w e d  

id e n tic a l 1 ธ ร  rD N A  n u c le o tid e  s e q u e n c e s  w a s  s u p p o r te d  b y  a h ig h  b o o ts tra p  v a lu e  o f 

100% . T h e se  tw o  s tra in s  s h a re d  a 1 ธ ร  rD N A  s im ila r ity  o f 9 2 .7 % , w h ic h  c o rre s p o n d s  to  

th e  102  n u c le o tid e  d if fe re n c e s .

C o m p a re  s im ila r ity  p e rc e n ta g e  o f e a c h  s tra in  (S A M 2 -1 , B 15-4 , 

D 10 -1 , a n d  J 1 7 -2 ) w ith  all th e  ty p e  s tra in s  th e y  s h o w e d  9 8 .4 % , 9 8 .3 % , 9 4 .7 % , a nd  

9 3 .5 %  re s p e c tiv e ly  so  m a y b e  in d ic a te d  th a t the  % s im ila r ity  o f th e  s tra in s  w h ic h  lo w e r 

th a n  9 7 .5 %  is th e  n ew  s p e c ie s .

F rom  fig u re  13 th a t S M P 3-1 , D 10 -5 , a n d  J8-1 s tra in s  fo rm  d is t in c t 

p h y le t ic  line s  in th e  1 ธ ร  Streptomyces rD N A  tree . T he  tw o  s tra in s  o f Streptomyces sp . 

(SM P3-1 a n d  D 1 0 -5 ) s h a re d  1 ธ ร  rD N A  n u c le o tid e  s im ila r it ie s  w ith in  th e  ra n g e  93 .5% , 

a n d  J8-1 s tra in  fo rm  s u b c la d e  w ith  ร . vayuensis N 2T. W h e n  c o m p a re  s im ila r ity  

p e rc e n ta g e  o f e a c h  s tra in  w ith  all th e  ty p e  s tra in s  th e y  p re s e n te d  % s im ila r ity  lo w e r than  

9 7 .0 %  th e y  a re  n o ve l s p e c ie s . H o w e ve r, if it w a s  h ig h e r  th a n  9 7 .0 % , th e  s tra in s  sh o u ld  

be  d e te rm in e d  fo r  th e  D N A -D N A  h y b r id iz a t io n  e x p e rim e n ts  to  c o n firm  th e ir  ta x o n o m ic  

s ta tu s  as th e  n ove l s p e c ie s .

77
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F ig u re  4 .1 2  U n ro o t n e ig h b o r- jo in in g  tre e  b ase  on  n e a rly  c o m p le te  16S  rD N A

s e q u e n c e s , s h o w in g  th e  p o s itio n  o f th e  re p re s e n ta tio n  Streptomyces s tra in s  

in th e  Streptomyces tree .

99

42

99

98

Streptomyces flavofuscus NRRL B - 2 5 9 4 T ( E F 1 7 8 6 9 0 )  

6 9 - ร.flavidofuscus NRRL B - 1 6 3 6 6 T ( A Y 9 9 9 9 1 4 )

S.fimicarius I S P 5 3 2 2 T ( A Y 9 9 9 7 8 4 )

-  S.baarnensis NRRL B - 1 9 0 2 T ( E F 1 7 8 6 8 8 )

S.badius NRRL B - 2 5 6 7 T ( A Y 9 9 9 7 8 3 )

-----------------  S A M 2 -1

8 6เ------------------  B 1 5 - 4

ร.albolongus N B R C 1 3 4 6 5 T ( A B 1 8 4  4 2 5 )

S .cavourensis s u b s p . c a v o u r e n s i s  N R R L 2 7 4 0 T ( DQ4 4 5 7 9 1 . 1 )  

—I ร .roseochromogenus N B R C 1 3 0 8 0 T ( A B 1 8 4 2 9 7 )
99

ร .griseobrunneus N B R C 1 2 7 7 5 T ( A B 2 4 9 9 1 2 )

ร. celluloflavus N B R C 1 3 7 8 0 T ( A B 1 8 4 4 7 6 )  

r  s.seoulensis N B R C 1 6 6 6 8 T ( A B 2 4 9 9 7 0 )

ร.griseoluteus N B R C 1 3 3 7 5 T ( A B 1 8 4 3 6 3 )

1 0 q-----------------------------------------------------  D 1 0 - 1

----------------------------------------------------------  J 1 7 - 2

100

99

98

99

91

S.fragilis N R R L 2 4 2 4 T ( A Y 9 9 9 9 1 7 )  

S.fragilis N B R C 1 2 8 6 2 T ( A B 1 8 4 2 0 0 )

•— S .cinnamocastaneus N B R C 1 4 2 7 8 T ( A B 1 8 4 5 8 8 ;  

72 S.coelescens NRRL B - 1 2 3 4 8 1 ( A Y 9 9 9 7 8 6 )

74

S.anthocyanicus N B R C 1 4 8 9 2 1 ( A B 1 8 4 6 3 1 )

S .violaceolatus ( A F 5 0 3 4 9 7 )

L  S .aurantiogriseus NRRL B - 5 4 1 6 1 ( A Y 9 9 9 7 7 3 )  

------ S.maritimus ( A F 2 3 3 3 3 8 )

^  —  S.malachitospinus N B R C 1 0 1 0 0 4 1 ( A B 2 4 9 9 5 4 ;

J_g'r------- S . kagoshimanus N B R C 1 3 8 1 6 T ( A B 1 8 4 5 0 4 )

36 |— S.parvulus N B R C 1 3 1 9 3 T ( A B 1 8 4 3 2 6 . 1 )

5 บ —  S.olivaceus N B R C 1 2 8 0 5 T ( A B 2 4 9 9 2 0 )

- Actinoplane regularis 
I F 0 1 2 5 1 4 t ( A B 0 3 7 0 1 1 )

0 . 0 2



Table 4.10 Similarity percentage of the representative Streptomyces strains

Accession
no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1.SAM2-1 100 98.3 98.4 98.3 98.2 98.3 97.7 98.2 98.2 98.2 98.2 98.2 94.8 95

2.EF178690 98.3 100 99.9 100 99.9 99.9 98 99.4 99.4 99.4 99.4 99.4 95.8 95.8

3.AY999783 98.4 99.9 100 99.9 99.8 99.9 98.1 99.5 99.5 99.5 99.5 99.5 95.9 95.9

4.AY999784 98.3 100 99.9 100 99.9 99.9 98 99.4 99.4 99.4 99.4 99.4 95.8 95.8

5.EF178688 98.2 99.9 99.8 99.9 100 99.8 97.9 99.3 99.3 99.3 99.3 99.3 95.7 95.7

6.AY999914 98.3 99.9 99.9 99.9 99.8 100 98 99.3 99.3 99.3 99.3 99.3 95.8 95.8

7.B15-4 97.7 98 98.1 98 97.9 98 100 98.3 98.3 98.3 98.3 98.3 94.5 94.7

8.DQ445791 98.2 99.4 99.5 99.4 99.3 99.3 98.3 100 100 100 100 100 95.8 95.9

9.AB249912 98.2 99.4 99.5 99.4 99.3 99.3 98.3 100 100 100 100 100 95.8 95.9

10. AB184425 98.2 99.4 99.5 99.4 99.3 99.3 98.3 100 100 100 100 100 95.8 95.9

11. AB184297 98.2 99.4 99.5 99.4 99.3 99.3 98.3 100 100 100 100 100 95.8 95.9

12.AB 184476 98.2 99.4 99.5 99.4 99.3 99.3 98.3 100 100 100 100 100 95.8 95.9

13.AB 184326 94.8 95.8 95.9 95.8 95.7 95.8 94.5 95.8 95.8 95.8 95.8 95.8 100 99.4

14.AB249954 95 95.8 95.9 95.8 95.7 95.8 94.7 95.9 95.9 95.9 95.9 95.9 99.4 100

15.AY999773 95.4 96.3 96.4 96.3 96.2 96.2 95 96.4 96.4 96.4 96.4 96.4 99.3 99.2

16.AB249920 94.7 95.7 95.8 95.7 95.5 95.6 94.4 95.7 95.7 95.7 95.7 95.7 99.5 99.3

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

95.4 94.7 94.7 95.4 94.6 95.5 90.9 87.9 95.1 96.5 95.1 96.1 95.1 95.4 90.9

96.3 95.7 95.6 96.3 95.6 96.4 91.5 88.6 96.2 98 96.2 97.6 96.2 96.3 91.4

96.4 95.8 95.7 96.4 95.7 96.5 91.4 88.6 96.2 98 96.2 97.5 96.2 96.4 91.3

96.3 95.7 95.6 96.3 95.6 96.4 91.5 88.6 96.2 98 96.2 97.6 96.2 96.3 91.4

96.2 95.5 95.5 96.1 95.5 96.2 91.4 88.6 96 97.9 96 97.4 96 96.1 91.2

96.2 95.6 95.5 96.2 95.5 96.3 91.4 88.5 96.1 98 96.1 97.5 96.1 96.2 91.3

95 94.4 94.3 95 94.3 95.1 90.7 87.5 94.7 96.5 94.9 96.1 94.7 95 90.8

96.4 95.7 95.7 96.4 95.7 96.4 91.4 89.1 96.1 98 96.2 97.6 96.1 96.4 91.6

96.4 95.7 95.7 96.4 95.7 96.4 91.4 89.1 96.1 98 96.2 97.6 96.1 96.4 91.6

96.4 95.7 95.7 96.4 95.7 96.4 91.4 89.1 96.1 98 96.2 97.6 96.1 96.4 91.6

96.4 95.7 95.7 96.4 95.7 96.4 91.4 89.1 96.1 98 96.2 97.6 96.1 96.4 91.6

96.4 95.7 95.7 96.4 95.7 96.4 91.4 89.1 96.1 98 96.2 97.6 96.1 96.4 91.6

99.3 99.5 98.9 99.2 99.4 99.1 94.7 89.5 98.8 96.1 98.8 96.1 98.8 99.2 93.1

99.2 99.3 99 99.2 99.1 99.3 94.3 89.3 98.7 96.1 98.7 96.1 98.7 99.2 93.1

100 99.2 99.1 99.8 98.8 99.7 94.5 89.6 99.1 96.7 99.1 96.5 99.1 99.8 93.1

99.2 100 98.5 99.1 99 99.1 94.5 89.4 98.6 95.8 98.6 95.8 98.6 99.1 93.1

SI
'O



Table 4.10 Similarity percentage of the representative Streptomyces strains

Accession
no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14

17.AF233338 94.7 95.6 95.7 95.6 95.5 95.5 94.3 95.7 95.7 95.7 95.7 95.7 98.9 99

18.AY999786 95.4 96.3 96.4 96.3 96.1 96.2 95 96.4 96.4 96.4 96.4 96.4 99.2 99.2

19.AB 184504 94.6 95.6 95.7 95.6 95.5 95.5 94.3 95.7 95.7 95.7 95.7 95.7 99.4 99.1

20.AF503497 95.5 96.4 96.5 96.4 96.2 96.3 95.1 96.4 96.4 96.4 96.4 96.4 99.1 99.3

21.D10-1 90.9 91.5 91.4 91.5 91.4 91.4 90.7 91.4 91.4 91.4 91.4 91.4 94.7 94.3

22.AB037011 87.9 88.6 88.6 88.6 88.6 88.5 87.5 89.1 89.1 89.1 89.1 89.1 89.5 89.3

23.AY999917 95.1 96.2 96.2 96.2 96 96.1 94.7 96.1 96.1 96.1 96.1 96.1 98.8 98.7

24.AB249970 96.5 98 98 98 97.9 98 96.5 98 98 98 98 98 96.1 96.1

25.AB184588 95.1 96.2 96.2 96.2 96 96.1 94.9 96.2 96.2 96.2 96.2 96.2 98.8 98.7

26.AB184363 96.1 97.6 97.5 97.6 97.4 97.5 96.1 97.6 97.6 97.6 97.6 97.6 96.1 96.1

27.AB184200 95.1 96.2 96.2 96.2 96 96.1 94.7 96.1 96.1 96.1 96.1 96.1 98.8 98.7

28.AB184631 95.4 96.3 96.4 96.3 96.1 96.2 95 96.4 96.4 96.4 96.4 96.4 99.2 99.2

29.J17-2 90.9 91.4 91.3 91.4 91.2 91.3 90.8 91.6 91.6 91.6 91.6 91.6 93.1 93.1

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

99.1 98.5 100 99 98.9 98.9 94.1 89.1 98.7 96 98.7 96 98.7 99 92.9

99.8 99.1 99 100 98.8 99.9 94.4 89.6 99.3 96.7 99.3 96.5 99.3 100 93.3

98.8 99 98.9 98.8 100 98.7 94.3 89.6 98.8 95.9 98.7 95.9 98.8 98.8 92.9

99.7 99.1 98.9 99.9 98.7 100 94.3 89.6 99.2 96.7 99.2 96.5 99.2 99.9 93.3

94.5 94.5 94.1 94.4 94.3 94.3 100 84.5 94.2 91.7 94.2 91.4 94.2 94.4 92.7

89.6 89.4 89.1 89.6 89.6 89.6 84.5 100 89.7 88.4 89.6 88 89.7 89.6 84.1

99.1 98.6 98.7 99.3 98.8 99.2 94.2 89.7 100 96.5 99.6 96.4 100 99.3 93.4

96.7 95.8 96 96.7 95.9 96.7 91.7 88.4 96.5 100 96.6 99.6 96.5 96.7 92.6

99.1 98.6 98.7 99.3 98.7 99.2 94.2 89.6 99.6 96.6 100 96.5 99.6 99.3 93.5

96.5 95.8 96 96.5 95.9 96.5 91.4 88 96.4 99.6 96.5 100 96.4 96.5 92.6

99.1 98.6 98.7 99.3 98.8 99.2 94.2 89.7 100 96.5 99.6 96.4 100 99.3 93.4

99.8 99.1 99 100 98.8 99.9 94.4 89.6 99.3 96.7 99.3 96.5 99.3 100 93.3

93.1 93.1 92.9 93.3 92.9 93.3 92.7 84.1 93.4 92.6 93.5 92.6 93.4 93.3 100

oo
o
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F igu re  4 .1 3  U n ro o t n e ig h b o r- jo in in g  tre e  base  on  n e a rly  c o m p le te  16S  rD N A

s e q u e n c e s , s h o w in g  th e  p o s itio n  o f th e  re p re s e n ta tio n  Streptomyces s tra in s  

in th e  Streptomyces tree .

S t r e p t o m y c e s  c o e l i c o f l a v u s  NBRC15399T (AB184650) 

s . v i o l a c e o l a  (AF503497)

S . c o e l e s c e n s  NBRC13378T (AB184365.1)

95

46

S . d i a s t a t i c u s  s u b s p .a r d e s ia c u s  NRRL B -17731 (DQ0266310) 

s . d i a s t a t i c u s  s u b s p . a r d e s ia c u s  NBRC15402T (AB184653.1)

S . a n t h o c y a n i c u s  NBRC14892T (AB184631.1)

S . a n t h o c y a n i c u s  NBRC14892T (AB184631)

s . d i a s t a t i c u s  s u b s p .a r d e s ia c u s  NRRL B -1773T (DQ026631.1) 

s . l i e n o m y c i n i  NBRC15425T (AB184672.1)

S . a u r a n t i a c u s  NBRC15386T (AB184637.1)

ร . d i a s t a t i c u s  s u b s p .a r d e s ia c u s  NBRC15402T (AB184653)

ร . r u b r o g r i s e u s  NBRC15455T (AB184681 .1 )

S . n a r a e n s i s  NBRC134211 (AB184391.1)

ร . c a e s i u s  NBRC13376T (AB184364.1)

--------------------------------  SM P3-1
----------------------------------------------------  D 1 0 -5

97f ------------------  J 8 - 1
S . v a y u e n s i s  N2T (AY950450.1)

S . e n d u s  NRRL2339T (AY999911.1)

98

91

96

S . e n d u s  NBRC128591 (AB249959)

S .  s p o r o c i n e r e u s  NBRC100766T (AB249933)

ร . s p o r o c i n e r e u s  LMG20311T
(AJ781368) _ m
S . j a v e n s i s  NRRL B -2 4 4 2 3 1 (DQ445793)

S . j a v e n s i s  NBRC100777T (AB249940)

S . y o g y a k a r t e n s i s  NBRC100779T (AB249942)

S . v i o l a c e u s n i g e r  NBRC13459T (AB184420)

1
0 . 02

■ M i c r o m o n o s p o r a  h a l o p h y t i c a  

DSM431711 (x92601)



Table 4.11 Similarity percentage of the representative Streptomyces strains

Accession no. 1 2 3 4 5 6 7 8 9 10 11 12 13

1J8-1 100 98.5 97.2 96.8 96.8 96.8 97.2 97.2 96.8 97.2 95.9 95.9 95.9
2.AY950450 98.5 100 98.7 98.3 98.3 98.3 98.7 98.7 98.3 98.7 97.4 97.4 97.4
3.AY999911 97.2 98.7 100 99.3 99.3 99.3 100 100 99.3 100 96.8 96.8 96.8
4.DQ445793 96.8 98.3 99.3 100 100 100 99.3 99.3 100 99.3 97 97 97
5.AB249942 96.8 98.3 99.3 100 100 100 99.3 99.3 100 99.3 97 97 97
6.AB249940 96.8 98.3 99.3 100 100 100 99.3 99.3 100 99.3 97 97 97
7.AB249933 97.2 98.7 100 99.3 99.3 99.3 100 100 99.3 100 96.8 96.8 96.8
8.AJ781368 97.2 98.7 100 99.3 99.3 99.3 100 100 99.3 100 96.8 96.8 96.8
9.AB 184420 96.8 98.3 99.3 100 100 100 99.3 99.3 100 99.3 97 97 97
10.AB249959 97.2 98.7 100 99.3 99.3 99.3 100 100 99.3 100 96.8 96.8 96.8
11. AB184653 95.9 97.4 96.8 97 97 97 96.8 96.8 97 96.8 100 100 100
12.DQ026631 95.9 97.4 96.8 97 97 97 96.8 96.8 97 96.8 100 100 100
13.AB 184650 95.9 97.4 96.8 97 97 97 96.8 96.8 97 96.8 100 100 100
14.AF503497 95.9 97.4 96.8 97 97 97 96.8 96.8 97 96.8 100 100 100
15.AB184631 95.9 97.4 96.8 97 97 97 96.8 96.8 97 96.8 100 100 100
16.SMP3-1 93.3 94.7 94.1 94.3 94.3 94.3 94.1 94.1 94.3 94.1 97.4 97.4 97.4
17.AB 184653 95.9 97.4 96.8 97 97 97 96.8 96.8 97 96.8 100 100 100

18.DQ026631.1 95.9 97.4 96.8 97 97 97 96.8 96.8 97 96.8 100 100 100
19.AB 184672.1 95.9 97.4 96.8 97 97 97 96.8 96.8 97 96.8 100 100 100
20. AB 184650.1 95.9 97.4 96.8 97 97 97 96.8 96.8 97 96.8 100 100 100
21.AB184637.1 95.9 97.4 96.8 97 97 97 96.8 96.8 97 96.8 100 100 100
22. AB184631.1 95.9 97.4 96.8 97 97 97 96.8 96.8 97 96.8 100 100 100

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
95.9 95.9 93.3 95.9 95.9 95.9 95.9 95.9 95.9 95.9 95.9 95.9 95.9 93.3 86.8
97.4 97.4 94.7 97.4 97.4 97.4 97.4 97.4 97.4 97.4 97.4 97.4 97.4 93.3 88.5
96.8 96.8 94.1 96.8 96.8 96.8 96.8 96.8 96.8 96.8 96.8 96.8 96.8 92.7 87.8

97 97 94.3 97 97 97 97 97 97 97 97 97 97 92.9 87.6
97 97 94.3 97 97 97 97 97 97 97 97 97 97 92.9 87.6
97 97 94.3 97 97 97 97 97 97 97 97 97 97 92.9 87.6

96.8 96.8 94.1 96.8 96.8 96.8 96.8 96.8 96.8 96.8 96.8 96.8 96.8 92.7 87.8
96.8 96.8 94.1 96.8 96.8 96.8 96.8 96.8 96.8 96.8 96.8 96.8 96.8 92.7 87.8

97 97 94.3 97 97 97 97 97 97 97 97 97 97 92.9 87.6
96.8 96.8 94.1 96.8 96.8 96.8 96.8 96.8 96.8 96.8 96.8 96.8 96.8 92.7 87.8
100 100 97.4 100 100 100 100 100 100 100 100 100 100 95.9 88.9
100 100 97.4 100 100 100 100 100 100 100 100 100 100 95.9 88.9
100 100 97.4 100 100 100 100 -100 100 100 100 100 100 95.9 88.9
100 100 97.4 100 100 100 100 100 100 100 100 100 100 95.9 88.9
100 100 97.4 100 100 100 100 100 100 100 100 100 100 95.9 88.9

97.4 97.4 100 97.4 97.4 97.4 97.4 97.4 97.4 97.4 97.4 97.4 97.4 93.5 86.3
100 100 97.4 100 100 100 100 100 100 100 100 100 100 95.9 88.9
100 100 97.4 100 100 100 100 100 100 100 100 100 100 95.9 88.9
100 100 97.4 100 100 100 100 100 100 100 100 100 100 95.9 88.9
100 100 97.4 100 100 100 100 100 100 100 100 100 100 95.9 88.9
100 100 97.4 100 100 100 100 100 100 100 100 100 100 95.9 88.9
100 100 97.4 100 100 100 100 100 100 100 100 100 100 95.9 88.9

99k 5



Table 4.11 Similarity percentage of the representative Streptomyces strains

Accession no. 1 2 3

23.AB184391.1 95.9 97.4 96.8

24.AB184365.1 95.9 97.4 96.8

25.AB184364.1 95.9 97.4 96.8

26.D10-5 93.3 93.3 92.7

27.X92601 86.8 88.5 87.8

4 5 6 7 8

97 97 97 96.8 96.8

97 97 97 96.8 96.8

97 97 97 96.8 96.8

92.9 92.9 92.9 92.7 92.7

87.6 87.6 87.6 87.8 87.8

9 10 11 12 13

97 96.8 100 100 100

97 96.8 100 100 100

97 96.8 100 100 100

92.9 92.7 95.9 95.9 95.9

87.6 87.8 88.9 88.9 88.9

14 15 16

100 100 97.4

100 100 97.4

100 100 97.4

95.9 95.9 93.5

88.9 88.9 86.3

17 18 19

100 100 100

100 100 100

100 100 100

95.9 95.9 95.9

88.9 88.9 88.9

20 21 22

100 100 100

100 100 100

100 100 100

95.9 95.9 95.9

88.9 88.9 88.9

23 24 25

100 100 100

100 100 100

100 100 100

95.9 95.9 95.9

88.9 88.9 88.9

26 27 28

100 95.9 88.9

100 95.9 88.9

100 95.9 88.9

95.9 100 84.8

88.9 84.8 100

9°Cj



3. Antimicrobial activity (agar disc diffusion)

T w o  n e w  iso la te  n u m b e rs  S A M 2 -1 a n d  SM P3-1 a n d  6 h ig h  a n tim ic ro b ia l a c tiv ity  

Strep tom yces sp . iso la te  n u m b e r B 10 -3 -1 , B 10-3 -2 , B 10 -3 -4 , C 1 0 -2 , C 1 0 -6  a n d  J15-1 

w e re  s e le c te d  fo r  a n tim ic ro b ia l a c tiv ity  te s t b y  a g a r  d is c  d if fu s io n  m e th o d . T h e y  w e re  

c u ltu re  in Y M B  m e d iu m  (se e d  m e d iu m ) on  ro ta ry  s h a k e r (2 0 0  rp m ) fo r  4 d a ys . Then  

e a c h  c u ltu re s  w a s  tra n s fe rre d  in to  p ro d u c tio n  m e d iu m  (Y M B  c o n ta in in g  c a lc iu m  

c a rb o n a te ) , a n d  in c u b a te d  a t th e  sa m e  a b o v e  c o n d it io n s  fo r  10 d a ys . T he  c u ltu re  

f iltra te  w a s  e x tra c te d  b y  e th y l a c e ta te , ro ta ry  e v a p o ra to r  d r ie d , d is s o lv e d  in m e th an o l. 

V a c u u m  d r ie d  a n d  re d is s o lv e d  in m e th a n o l w e re  a p p lie d  on  a p a p e r  d is c  (0 .6  cm  

d ia m e te r)  a t 1 m g /d is c . T he  a p p lie d  d is c  p la c e d  on a g a r  m e d ia  s p re a d e d  o v e r b y  th e  

te s te d  m ic ro o rg a n is m s  re v e a le d  in h ib itio n  zo n e  as sh o w n  in T a b le  4 .12 . s tre p to m y c in  

(2 0 |U g /d is c )  w a s  u s e d  as p o s it iv e  co n tro l. A ll c u ltu re  e x tra c ts  in h ib ite d  G ram  p o s itive  

b a c te r ia ; Staphylococcus aureus A T C C  6538P , Bacillus subtilis A T C C  16633 , 

M icrococcus luteus  A T C C  9 34 1 . C u ltu re  e x tra c ts  o f iso la te s  S M P 3 -1 , B 1 0 -3 -1 , C 10 -2 , 

C 1 0 -6  in h ib ite d  Eschelichia coli A T C C  2 59 22 , a n d  th o se  o f iso la te  S A M 2 -1 , SM P3-1 

in h ib ite d  P seudom onas aeruginosa  A T C C  2 78 53 . N one  o f th e m  in h ib ite d  Candida 
albicans  A T C C  1 0231 . A ll e thy l a c e ta te  e x tra c ts  o f iso la te s  w e re  a n a ly z e d  b y  m a g n e tic  

re s o n a n c e  (N M R ). O n ly , the  c u ltu re  filtra te  o f s tra in  C 1 0 -6  re v e a le d  in te re s tin g  s ig n a ls  

on  th e  N M R  s p e c tru m  as sh o w n  in Fig 4 .14 . C h lo ro fo rm  s ig n a l is 7 .2  w h e re a s  the  

s ig n a ls  b e tw e e n  6 a n d  9 a re  th e  in te re s tin g  s ig n a ls  to  b e  o c c u r re d  th e  c o m p o u n d  ring  

s tru c tu re  o f th e  s e c o n d a ry  m e ta b o lite s . The  o th e r N M R  s ig n a ls  o th e r th a n  6 to  9, c o u ld  

b e  p r im a ry  m e ta b o lite s  th a t w e re  th e  d ire c t c h a in s  b e lo n g e d  to  fa t a n d  su g a rs . 

T h e re fo re , th e  s tra in  C 1 0 -6  w a s  s e le c te d  fo r  c h e m ic a l s tu d y .
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Table 4.12 Antimicrobial activity of the selected isolates in YMB medium
85

In h ib itio ry  a c t iv ity  (cm )

Iso la tio n E. coli ร . aureus c. albicans B. subtilis Ps.aeruginosa M.luteus
no. A T C C A T C C A T C C A T C C A T C C  2 7 8 5 3 A T C C  9341

2 5 9 2 2 6 5 3 8 P 10231 6 6 3 3

N e g a tiv e - - - - - -

c o n tro l

S A M 2-1 - 0 .8 - 0 .8 0 .8 1.1

SM P 3-1 1.6 0 .8 - 0 .8 0 .8 0 .8

B 1 0-3-1 0 .8 1 - 1 - 0 .8

B 10-3 -2 - 1 - 0 .9 - 0 .8

B 10 -3 -4 - 0 .8 - 1.3 - 1

C 1 0 -2 1.7 1 - 1.2 - 0 .9

C 1 0 -6 0 .8 0 .8 - 0 .8 - 0 .8

J15-1 - 1.2 - 0 .7 - 0 .8

P os itive 1 1.8 - 1.1 1 2.1

c o n tro l
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c U-I-CX13 ( ’ ^  )

110.00

F ig u re  4 .1 4  N M R  s p e c tru m  o f s tra in  C 10 -6



2. Extraction and isolation of antimicrobial products from Streptomyces sp. 
C10-6

Y ie ld  o f s tra in  C 1 0 -6  w a s  4 3 8 .2  m g  o f th e  e thy l a c e ta te  e x tra c t (d a rk  b ro w n  o ily  

liq u id ). E ig h t fra c t io n s  w e re  d is s o lv e d  in c h lo ro fo rm -c / a n d  2 fra c t io n s  w e re  d is s o lv e d  in 

a ce to n e -d g  a n d  s u b je c te d  to  n u c le a r  m a g n e tic  re s o n a n c e  (N M R ) a n a lys is . N M R  

s p e c tra  o f f ra c t io n s  4, 5, 6 , 7, 8 a n d  9 re v e a le d  in te re s tin g  s ig n a ls . F ra c tio n  4, 5, 6, 7, 8 

a n d  9 w e re  te s te d  fo r  a n tim ic ro b ia l a c tiv ity  b y  a g a r  d is c  d if fu s io n  m e th o d  (T a b le  4 .13 ). 

T he  8 f ra c t io n  e x h ib ite d  a n tib a c te r ia l a c tiv ity  a g a in s t G ram  p o s itiv e  b a c te r ia , M. luteus 
A T C C  9341 a n d  G ra m  n e g a tiv e  b a c te ria , Ps. aeruginosa  A T C C  2 78 53 .

87

T a b le  4 .1 3  A n tim ic ro b ia l a c tiv ity  o f c h ro m a to g ra p h ic  fra c t io n s  o f  th e  e x tra c t o f  th e  s tra in  

C10-6

In h ib ito ry  a c t iv ity  (cm )

F ra c tio n E. coli ร. aureus c . albicans ร . subtilis Ps.aeruginosa M.luteus
no. o f A T C C A T C C A T C C A T C C A T C C  2 7 8 5 3 A T C C  9341

C 1 0 -6 2 5 9 2 2 6 5 3 8 P 10231 6 6 3 3

4 - 0 .9 - 1 - -

5 - 0 .9 - 0 .8 - -

6 - 0 .8 1 - - -

7 - 0 .8 1.1 - - -

8 1 0 .9 - 0 .7 1 .1 1

9 - 0 .9 - 0 .7 - 0 .7
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