
MATERIALS AND METHODS

1. Instruments, chemical agents, list names of tested strains, antibiotics 
culture media, reagents and buffers,

A ll m a te r ia ls  n a m e  lis t w e re  p re s e n te d  เท A P P E N D IX  A  a n d  B.

2. Sample collection, isolation, pH measurement and primary screening of 
actinomycètes

2.1 Sample collection

Soil s a m p le s  fro m  m a n g ro v e  fo re s ts  a lo n g  S a m u t p ra k a rn , S a m u t sa ko rn , 

S a m u t s o n g k ra m , a n d  P e tc h a b u rl p ro v in c e s  w e re  c o lle c te d  a n d  p re s e rv e d  a t 4 c.

2.2 Isolation and pH measurement of actinomycètes

E a ch  o f th e  so il s a m p le s  w a s  d r ie d  b o th  a t ro o m  te m p e ra tu re  fo r  1 w e e k  

a n d  a t 110°c fo r  1 h. T he  d r ie d  so il s a m p le s  (0.5 g ) w e re  s u s p e n d e d  เท 4.5 ml o f s te rile  

d is t il le d  w a te r. T he  roo m  te m p e ra tu re  d r ie d  so il s u s p e n s io n s  w e re  h e a te d  to  60-65 c  

(15  m in ) to  re d u c e  n o n -th e rm o to le ra n t m ic ro o rg a n is m s . S u s p e n s io n  o f so il s a m p le s  

d r ie d  a t b o th  te m p e ra tu re s  w a s  s e ria l d ilu te d  to  1:100 a n d  1:1000. T he  d ilu te d  so il 

s a m p le s  (0.1 m l.) w e re  s p re a d e d  on s ta rc h -c a s e in  n itra te  a g a r  (S C A ) m e d iu m  

c o n ta in in g  15 | ig / m l  n o v o b io c in  a n d  25 JLlg/ml n is ta tin , a n d  in c u b a te d  a t 30 c  fo r  14-21 

d a ys . A c t in o m y c è te s  c o lo n ie s  w e re  fu rth e r p u r if ie d  b y  s tre a k  p la te  m e th o d  on y e a s t 

e x tra c t-m a lt e x tra c t a g a r  (Y M A ) m e d iu m , a n d  in c u b a te d  a t 30 c fo r  7-14 d a ys . The 

p u r if ie d  c u ltu re s  w e re  m a in ta in e d  on Y M A  s la n t a t 4°c fo r  fu r th e r  s tu d ie s .

CHAPTER III



T he  so il s a m p le s  w e re  d r ie d  a t room  te m p e ra tu re  fo r  1 w e e k . O n e  g ra m  o f 

d r ie d  so il s a m p le s  w e re  s u s p e n d e d  in 2.5 ml o f s te rile  d is t il le d  w a te r  m ix  fo r  30 s e c o n d s , 

le a ve  fo r  30 m in s , g e n tly  m ix  2-3 s e c o n d s  m e a su re  pH  a n d  re c o rd  d a ta .

2.3 Primary screening of antimicrobial producing actinomycètes

A ll o f th e  a c t in o m y c è te s  is o la te d  w e re  s tre a k e d  s e p a ra te ly  on  Y M A  m ed iu m , 

a n d  in c u b a te d  a t 30°c fo r  10 d a ys . T hen  s ix  m ic ro o rg a n is m s  te s te d ; Escherichia coli 
A T C C  25922, P seudom onas aeruginosa  A T C C  27853, Bacillus subtilis A T C C  16633, 

S taphylococcus aureus  A T C C  6538P, M icrococcus luteus A T C C  9341, a n d  Candida 
albicans A T C C  10231 ; w e re  v e rtic a l s tre a k e d  on e a c h  o f th e  a c t in o m y c è te s  g ro w n  Y M A  

p la te s . T h e  p la te s  w e re  c o n tin u in g  in c u b a te d  a t 37  c  fo r  24 hrs.

T he  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  e x h ib ite d  in h ib ito ry  d is ta n c e  

a g a in s t m ic ro o rg a n is m s  te s te d . T he  in h ib ito ry  d is ta n c e s  w e re  m e a s u re d  a n d  re c o rd e d , 

a n d  th e  a c t in o m y c è te s  w e re  s e le c te d  fo r  fu rth e r s tu d ie s .

3. Identification and characterization of the isolated actinomycètes

3.1 Morphological and cultural characteristics

A ll a c t in o m y c è te s  is o la te d  w e re  c u lt iv a te d  on Y M A  p la te  b y  c ro s s h a tc h e s  

s tre a k  te c h n iq u e  (S h ir lin g  a n d  G o ttlie b , 1966) a n d  in c u b a te d  a t 30  c  fo r  14 d a ys . 

M o rp h o lo g y  o f s p o re  b e a rin g  h y p h a e , s p o re  c h a in , a n d  s p o re  c o lo r  w e re  o b s e rv e d  b y  

s im p le  in c lin e d  c o v e rs lip  te c h n iq u e  (W illia m  a n d  C ro ss , 1 97 1 ). M a tu re  s p o re  b e a rin g  

h y p h a e  o f th e  s e le c te d  iso la te s  w e re  a lso  e x a m in e d  b y  s c a n n in g  e le c tro n  m ic ro s c o p e  

(SEM ) u s in g  m e th o d  d e s c r ib e d  b y  D e m a n , et. ai. (19 86 ). C u ltu ra l c h a ra c te r is t ic s  o f all 

a c t in o m y c è te s  is o la te d  g ro w n  on v a r io u s  a g a r  m e d ia , y e a s t e x tra c t-m a lt e x tra c t a g a r  

(ISP m e d iu m  n o .2), o a tm e a l a g a r  (ISP m e d iu m  n o .3), in o rg a n ic  s a lts -s ta rc h  a g a r  (ISP 

m e d iu m  n o .4 ), g ly c e ro l a s p a ra g in e  a g a r  (ISP m e d iu m  n o .5), ty ro s in e  a g a r  (ISP m e d iu m  

n o .7) a t 3 0 ° c  fo r  th e  14 d a y s  w e re  o b s e rv e d  fo r  c o lo rs  o f m a tu re  s u b s tra te  m yce liu m , 

s p o re , a n d  d if fu s ib le  p ig m e n t u s in g  c ro s s h a tc h e s  s tre a k  te c h n iq u e  (S h ir lin g  a n d
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G o ttlie b , 196 6 ). T h e  J a c a l (J a p a n  C o lo r R e se rch  In s titu te ) C o lo r  C a rd  L 2 2 0 0  w a s  u sed  

to  s p e c ify  th e ir  c o lo n y  c o lo r.

3.2 Physiological and biochemical characteristics

3.2.1 Temperature and pH tolerance

A ll Strep tom yces  s tra in s  w e re  te s te d  fo r  th e  e ffe c t o f te m p e ra tu re s  

(10°c, 28°c, 4 5 °C )  a n d  p H s  (4 .0 , 5 .0 , 7 .0 , a n d  10.0) on th e ir  g ro w th  on  Y M A  m e d iu m .

3.2.2 NaCI tolerance

A ll Strep tom yces  s tra in s  w e re  te s te d  b y  th e  u se  o f Y M A  m e d iu m  

c o n ta in in g  2% , 4 %  o r 6 %  N aC I.

3.2.3 Carbon sources utilization

C a rb o n  s o u rc e s  u tiliza tio n  w a s  d e te rm in e d  b y  m e th o d  d e s c r ib e d  b y  

S h irlin g  a n d  G o ttlie b  (19 66 ). B asa l a g a r  m e d iu m , ISP-9 s u p p le m e n t w ith  0.3%  

C a s a m in o  a c id  w a s  p re p a re d  a n d  a c a rb o n  s o u rc e  w a s  a d d e d  to  g iv e  c o n c e n tra tio n  o f 

a p p ro x im a te ly  1% (D -g lu c o s e  (p o s it iv e  c o n tro l) , D -m a n n ito l, L -rh a m n o s e , R a ffino se , L- 

a ra b in o s e , D -fru c to s e , G ly c e ro l, D -xy lo se , a n d  s u c ro s e ) a u to c la v e  a t 1 1 0 ° c  fo r  10  m in. 

E x a m in a tio n  b y  c o m p a r in g  g ro w th  o r  a g iv e n  c a rb o n  s o u rc e  w ith  tw o  c o n tro ls , g ro w th  on  

b a sa l m e d iu m  a lo n e , a n d  g ro w th  on  b a sa l m e d iu m  p lu s  g lu c o s e  w a s  p e rfo rm e d .

3.2.4 Starch hydrolysis

A n tim ic ro b ia l p ro d u c in g  s tra in s  w e re  s tre a k e d  o n  th e  s u rfa c e  o f 

in o rg a n ic  s a lts -  s ta rc h  a g a r  p la te  (ISP -4) (S h ir lin g  a n d  G o ttlie b , 1996 ) a n d  in c u b a te d  a t 

2 8 -3 0 ° C  fo r  10 d a y s . A f te r  in c u b a tio n  w a s  c o m p le te , G ra m 's  io d in e  s o lu tio n  w a s  p o u re d  

on th e  s u rfa c e  o f th e  a g a r  p la te . If s ta rc h  h y d ro ly s is  w a s  p re s e n t, a d a rk  b lu e  c o lo r  d id  

n o t a p p e a r.
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3.2.5 Gelatin liquefaction

A n tim ic ro b ia l p ro d u c in g  s tra in s  w e re  in o c u la te d  in to  te s t tu b e  o f B o u illon  

g e la tin  b ro th  (A ra i, 1975) a n d  in c u b a te d  a t 28-30°C fo r  21 d a y s . T he  in o c u la te d  tu b e  

w a s  c o m p a re d  w ith  n o n -in o c u la te  c o n tro l w h e n  p la c e d  b o th  tu b e s  a t 20°c fo r  30 m in. If 

the  g e la t in  w a s  h y d ro ly z e d , it b e c a m e  liq u id , n o t so lid ify .

3.2.6 Nitrate reduction

A n tim ic ro b ia l p ro d u c in g  s tra in s  w e re  in o c u la te d  in to  P e p to n e  K N 0 3 b ro th  

(A ra i, 1975 ) a n d  in c u b a te d  a t 2 8 -3 0 ° C  fo r  4 -6  d a y s . O n th e  fo rth  d a y , 1 m L  o f th e  c u ltu re  

w a s  tra n s fe rre d  in to  a te s t tu b e  a n d  tw o  d ro p s  o f th e  s u lfa n ilic  a c id  re a g e n t, a n d  th en  b y  

th re e  d ro p s  o f N ,N -d im e th y 1 -1 -n a p h th y la m in e  s o lu tio n  w e re  a d d e d . If n itr ite s  w e re  

p re s e n t, th e  m ix tu re  w o u ld  b e c o m e  p in k  to  red .

3.2.7 Milk coagulation and milk peptonization

A n tim ic ro b ia l p ro d u c in g  s tra in s  w e re  in o c u la te d  in tu b e  o f s te rile  10 % 

sk im  m ilk  in d is t il le d  w a te r  a n d  in c u b a te d  a t 2 8 -3 0 ° C  fo r  7 -1 4  d a y s . If m ilk  w a s  

p e p to n iz e d , m ilk  w o u ld  b e  c o n v e rte d  to  c le a r  so lu tio n . If m ilk  w a s  c o a g u la te d , m ilk  

w o u ld  p re c ip ita te .

T he  m e la n in  fo rm a tio n  a n d  h y d ro g e n  s u lf id e  p ro d u c tio n  w e re  e x a m in e d  

in ty ro s in e  a g a r  a n d  p e p to n e  iron  a g a r  s u p p le m e n te d  w ith  0 .1 %  (w /v ) y e a s t e x tra c t a n d  

in c u b a te d  fo r  21 d a y s , re s p e c tiv e ly .

3.3 Chemotaxonomic characteristics (Komagata and Suzuki, 1987)

A c t in o m y c è te s  iso la te s  w e re  in o c u la te d  in to  500 ml E rle n m e y e r fla s k  

c o n ta in in g  100 m l o f Y M B  m e d iu m  a n d  in c u b a te d  on a ro ta ry  s h a k e r  (150-200 rpm ) a t 

30°c fo r  4 d a y s . C e lls  w e re  c o lle c te d  b y  c e n tr ifu g a tio n  a t 4°c, 12,000 rpm  fo r  5 m in.
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3.3.1 Diaminopimelic acid analysis

C h e m ic a l a n a ly s is  o f ce ll w a ll w a s  c a rr ie d  o u t b y  the  m e th o d  

d e s c r ib e d  b y  K o m a g a ta  a n d  S u zuk i (1987). D rie d  c e lls  (1 0 m g ) o f th e  s e le c te d  iso la tes  

w e re  h y d ro ly z e d  w ith  6N  H C L  a t 100°c fo r  3 h. T he  h y d ro ly z e d  s o lu tio n  w a s  filte re d  

a n d  e v a p o ra te d . T he  4 0 0  JTL o f d is t il le d  w a te r  w a s  a d d e d  in to  d r ie d  s a m p le . 

D ia m in o p im e lic  a c id  (D A P ) iso m e rs  เท th e  w h o le  ce ll h y d ro ly s a te s  w e re  s e p a ra te d  b y  

th in  la y e r  c h ro m a to g ra p h y  u s in g  c e llu lo s e  p la te  (M e rc k  N o .5577). D L -D A P  s ta n d a rd  

(0.01 M ) a n d  w h o le  ce ll h y d ro ly s a te s  o f tw o  kn o w n  s tra in s  th a t c o n ta in e d  m eso-  a n d  L- 

D AP  w e re  u s e d  a s  a u th e n tic  D AP  isom ers . T LC  w a s  d e v e lo p e d  b y  ทาe th a n o l:w a te r:6 N  

h y d ro c h lo r ic  a c id :p y r id in e  s o lv e n t s ys te m  (80:17.5:1.5:10 w /v ). T he  s p o ts  w e re  

v is u a liz e d  b y  s p ra y in g  w ith  0.5% n in h y d rin  เท w a te r-s a tu ra te d  ท-b u ta n o l fo llo w e d  b y  

h e a tin g  a t 100 c  fo r  2 -3  m in u te s . T he  s p o ts  g ra d u a lly  d is a p p e a re d  in a fe w  m inu tes .

3.3.2 Menaquinone analysis

D rie d  c e lls  (1 0 0 -5 0 0  m g) w e re  e x tra c te d  w ith  c h lo ro fo rm :M e O H  

(2 :1 ) fo r  3 hr. T he  s u s p e n s io n  w a s  th e n  filte re d  a n d  d r ie d  u n d e r  ro ta ry  e v a p o ra to r . The 

d r ie d  s a m p le  w a s  d is s o lv e d  w ith  a sm a ll a m o u n t o f a c e to n e  a n d  a p p lie d  o n to  a s ilic a  g e l 

T LC  (M e rc k  no. 1 .0 5 7 4 4 ). T he  a p p lie d  T LC  w a s  th e n  d e v e lo p e d  b y  1 00 %  b e n z e n e  a nd  

the  b a n d  o f m e n a q u in o n e  b a n d  w a s  d e te c te d  b y  u s in g  a uv la m p  (25 4  nm ). The  

m e n a q u in o n e  w a s  filte re d  a n d  d r ie d  it u p  w ith  N2 g a s . T he  m e n a q u in o n e  s a m p le  w a s  

a n a ly z e d  b y  H P LC .

3.3.3 DNA isolation and purification

D N A  o f th e  s e le c te d  iso la te s  g ro w n  เท Y M B  c o n ta in in g  0 .2%  

g ly c in e  w e re  e x tra c te d  a n d  p u r if ie d  b y  m e th o d  d e s c r ib e d  b y  T a m a o k a  (19 94 ). C e lls  

w e re  h a rv e s te d  a n d  s u s p e n d e d  เท 10 ทาL o f s a lin e -E D T A  b u ffe r  p H 8 .0 . T he  ce ll 

s u s p e n s io n  w a s  m ix e d  w ith  20  m g  o f ly s o z y m e  a n d  in c u b a te d  a t 37  c  fo r  30  m in  

fo llo w e d  b y  th e  in c u b a tio n  p e r io d  o f 10 m in  a t 50  c  w ith  10%  SDS. T he  p h e n o l



e x tra c tio n  w a s  th e n  c a rr ie d  o u t b y  a d d in g  an e q u a l v o lu m e  o f p h e n o l: c h lo ro fo rm  (1 :1 ) to  

th e  s a m p le  fo r  re m o v a l o f p ro te in  a n d  o th e r d e b ris . T he  u p p e r  la y e r o f the  m ix tu re  w as  

c o lle c te d  a fte r  c e n tr ifu g a tio n  a t 10000  rpm  fo r  10 m in . C h ro m o s o m a l D N A  w as  

p re c ip ita te d  w ith  tw o  v o lu m e s  o f ice  c o ld  a b s o lu te  e th a n o l. D N A  w a s  d is s o lv e d  w ith

O .IxS S C  a n d  tre a te d  w ith  R N ase  a n d  p ro te in a s e  K s o lu tio n  a t 37°c fo r  1 h fo r  rem ova l o f 

R N A  a n d  p ro te in , re s p e c tiv e ly . C h ro m o s o m a l D N A  w a s  s to re d  เท O .IxS S C  a t 4°c

3.3.4 DNA base composition analysis

T he  10 |41  o f h e a te d  D N A  (1 m g /m L ) w a s  h y d ro ly z e d  w ith  10 JLXL 

n u c le a s e  p 1 a t 50  c  fo r  1 h a n d  fo llo w e d  b y  th e  in c u b a tio n  p e r io d  o f 1 h a t 37  c  w ith  

10JUL o f a lk a lin e  p h o s p h a ta s e . T he  h y d ro ly z e d  D N A  w a s  d e te rm in e d  u s in g  the  H PLC  

m e th o d  o f T a m a o k a  & K o m a g a ta  (19 84 ). A n  e q u im o la r  m ix tu re  o f n u c le o tid e s  w as  

u se d  a s  th e  q u a n tita t iv e  s ta n d a rd  fo r  a n a ly s is  o f D N A  b a s e  c o m p o s it io n .

3.4 16S rDNA sequence analysis and phylogenetic tree construction

16S rD N A  o f th e  s e le c te d  iso la te s  w e re  a m p lif ie d  b y  T h e rm a l c y c le  

s e q u e n c in g  m e th o d  (G e n e A m p  PC R  S ys tem  2 40 0 ; A p p lie d  S ys te m s ) a c c o rd in g  to  the  

fo llo w in g  p ro g ra m : 9 4 ° c  (5 m in ) fo llo w e d  b y  35  c y c le s  o f d é n a tu ra tio n  a t 94  c  (1 m in ), 

p r im e r a n n e a lin g  a t 50  c  (1 m in ), a n d  p r im e r e x te n s io n  a t 72  c  (2 m in ). A t the  e n d  o f 

th e  c y c le s , th e  re a c tio n  m ix tu re  w a s  k e p t a t 7 2 ° c  fo r  5 m in  a n d  th e n  c o o le d  to  4 c .

F o rw a rd  a n d  re v e rs e  p r im e rs  w e re  5 '......3 ', a n d  3 ’ .........5 ’ , re s p e c tiv e ly . T he  1500  k b p

a m p lif ie d  16S  rD N A  fra g m e n t w a s  s e p a ra te d  b y  a g a ro s e  g e l e le c tro p h o re s is  a nd  

p u r if ie d  b y  a P re p -A -G e n e  D N A  p u r if ic a tio n  k it (B io -R a d  L a b o ra to r ie s , H e rc u le s , C a lif). 

T he  16S rD N A  fra g m e n t w a s  s e q u e n c e d  b y  an  A B I PR ISM  B ig D y e  T e rm in a to r  C yc le  

s e q u e n c in g  R e a d y  R e a c tio n  k it (A p p lie d  B io sys te m ) a c c o rd in g  to  th e  m a n u fa c tu re r

p ro to c o l, u s in g  th e  fo llo w in g  p rim e rs , 5 '......3 ' a n d  3 ’ .........5 ’. T he  th e rm a l c y c lin g
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condition was as followed 96 c  (30 ร), followed by 30 cycles of dénaturation at 96 c
(10 ร), primer annealing at 50°c (10 ร), and primer extension at 60 c  (3 min). The
sequences were analyzed by an ABI PRISM 377 Genetic Analyser (Applied Biosystems)



a t D N A  T e c h n o lo g y  L a b o ra to ry  (B IO T E C ), K a s e ts a rt U n iv e rs ity , K a m p h a e n g s a e n , a nd  

N a k o rn p a th o m .

T he  s e q u e n c e  h o m o lo g y  s e a rc h  w a s  a n a ly z e d  b y  s ta n d a rd  BLAS T 

s e q u e n c e  s im ila r ity  s e a rc h in g  p ro g ra m  v e rs io n  2 .2.1  a v a ila b le  from  

h ttp ://w w w .n c b i.n im .a o v /B L A S T /:. The  s e q u e n c e  w a s  m u ltip ly  a lig n e d  w ith  s e le c te d  

s e q u e n c e  o b ta in e d  fro m  G e n B a n k /E M B L /D D B J  d a ta b a s e  u s in g  C L U S T A L  พ  p ro g ra m  

v e rs io n  1.81 a v a ila b le  fro m  h ttp : / /w o rk b e n c h .s d s c .e d /:. a n d  th e  a lig n m e n t w a s  m a n u a lly  

v e r if ie d  a n d  a d ju s te d  p r io r  to  th e  c o n s tru c t io n  o f a p h y lo g e n e tic  tre e . P h y lo g e n e tic  tre e  

w a s  c o n s tru c te d  b y  n e ig h b o u r- jo in in g  m e th o d  (S a ito  a n d  N e i, 1987) u s in g  M E G A  

p ro g ra m  v e rs io n  2.1 (K u m a r, et. al. 2 00 1 ). T he  c o n f id e n c e  v a lu e  o f b ra n c h  o f th e  

p h y lo g e n e tic  tre e  w a s  d e te rm in e d  b y  b o o ts tra p  a n a ly s is  (F e lse n s te in , 1985) b a s e d  on 

1000  s a m p lin g s . T he  v a lu e  o f s e q u e n c e  s im ila r ity  a m o n g  c lo s e s t s tra in s  w a s  c a lc u la te d  

m a n u a lly  a fte r  p a irw is e  a lig n m e n t u s in g  th e  C LU S T A L  พ  p ro g ra m  v e rs io n  1 .81. G a p s  

a n d  a m b ig u o u s  n u c le o tid e s  w e re  e lim in a te d  from  a c a lc u la t io n  (F itch , 1967).

4 . Antimicrobial activity test (agar disc diffusion method)

S in g le  c o lo n y  o f th e  2 n ew  a c tin o m y c è te s  s p e c ie s  a n d  6 a c t in o m y c è te s  

s p e c ie s  s h o w e d  in te re s tin g  a n tim ic ro b ia l a c tiv ity  w e re  in o c u la te d  in to  5 00  ml E rle n m e ye r 

fla s k  c o n ta in in g  100  m l o f Y M B , a n d  in c u b a te d  a t 3 0 ° c  on  a ro ta ry  s h a k e r (1 5 0 -2 0 0  rpm ) 

fo r  4  d a y s . T h e n  2 m l o f e a c h  c u ltu re  w a s  tra n s fe rre d  in to  a 5 00  m l E r le n m e ye r fla s k  

c o n ta in in g  2 0 0  m l o f 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  s a m e  a b o v e  c o n d it io n s  fo r  10 d a y s . T he  c u ltu re  b ro th s  w e re  filte re d  

th ro u g h  W h a tm a n  fi lte r  p a p e r  a n d  e x tra c te d  w ith  e th y l a c e ta te . T he  e thy l a c e ta te  

e x tra c ts  w e re  d r ie d  b y  ro ta ry  e v a p o ra to r , d is s o lv e d  in m e th a n o l th e n  d r ie d  b y  v a c u u m  

d r ie d . T he  a n tim ic ro b ia l a c t iv ity  o f th e  e x tra c t w e re  d is s o lv e d  in m e th a n o l o b ta in e d  

w e re  d e te rm in e d  b y  an  a g a r  d is c  d if fu s io n  m e th o d  (L o ria n , 1980). E va lu a tio n  o f th e  

a n tim ic ro b ia l a c t iv ity  w a s  p e rfo rm e d  a g a in s t Escherichia coli A T C C  2 5922 , 

P seudom onas aeruginosa  A T C C  2 7 8 5 3 , Bacillus subtilis A T C C  1 66 33 , Staphylococcus  
aureus  A T C C  6 53 8P , M icrococcus luteus A T C C  9341 a n d  Candida albicans A T C C  

10231 . A ll te s te d  b a c te r ia  w e re  c u lt iv a te d  on M u e lle r-H in to n  a g a r  (M FIA) s la n t w h e re a s
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th e  te s te d  y e a s t s tra in  w a s  c u lt iv a te d  on S a b o u ra u d  d e x tro s e  a g a r  (S D A ) s la n t a nd  

in c u b a te d  a t 37  c  fo r  24  h ou rs . T he  c u ltu re s  w e re  w a s h e d  fro m  th e  a g a r  s la n t b y  

s te rile  n o rm a l s a lin e  so lu tio n . T he  ce ll s u s p e n s io n s  w e re  a d ju s te d  b y  M c F a rla n d  NO

0 .5 , p ro v id e d  a p p ro x im a te ly  1 x10 8 C FU  (c o lo n y  fo rm in g  u n it/m l). T e s te d  b a c te ria , a nd  

y e a s t w e re  s e p a ra te ly  s p re a d e d  on Petri d is h  c o n ta in in g  20  m l o f M H A , a n d  SD A, 

re s p e c tiv e ly . A  lo o p fu l o f e a c h  te s te d  m ic ro o rg a n is m s  p re p a re d  w a s  s w a b b e d  on th e  

s u rfa c e  o f M H A  a n d  S D A  p la te s . A g a r  d is c  d if fu s io n  a s s a y  w a s  p e r fo rm e d  b y  a p p ly in g  

th e  m e th a n o l d is s o lv e d  e x tra c t (1 m g ) on a s te rile  p a p e r  d is c  (0 .6  c m  in d ia m e te r) . The 

a p p lie d  p a p e r  d is c s  w e re  c o m p le te ly  a ir -d r ie d  a t room  te m p e ra tu re  in a s te rile  Pe tri- 

d ish . T h e n  e a c h  d r ie d  d is c s  w a s  p la c e d  on th e  s u rfa c e  o f M H A  a n d  S D A  p la te s  

a lre a d y  s w a b b e d  b y  th e  te s te d  m ic ro o rg a n is m s , a n d  in c u b a te d  a t 37  c , 24  hou rs  fo r 

b a c te r ia  a n d  a t 30°c, 4 8  h ou rs  fo r  ye a s t. T he  d ia m e te rs  o f in h ib it io n  z o n e s  w e re  

s u b s e q u e n tly  m e a s u re d .

5 . Extraction and isolation of antimicrobial products from Streptom yces sp. 

C 1 0 -6

T he  c u ltu re  filtra te s  o f n ew  2 a c t in o m y c è te s  s p e c ie s  a n d  5 a c t in o m y c è te s  

s p e c ie s  p o s s e s s in g  in te re s tin g  a n tim ic ro b ia l a c t iv ity  w e re  e x tra c te d  w ith  e th y la c e ta te , 

ro ta ry  e v a p o ra t io n  d r ie d , d is s o lv e d  in m e th a n o l, a n d  v a c u u m  d r ie d  as d e s c r ib e d  a b o ve . 

T he  v a c u u m  d r ie d  s a m p le s  w e re  re -d is s o lv e d  in c h lo ro fo rm -d  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 . 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 , a n d  w a s  s e le c te d  fo r  c h e m ic a l s tu d y .

A  lo o p fu l o f Strep tom yces  sp . C 1 0 -6  w a s  in o c u la te d  in to  100  ทาL o f Y M B  in a 

5 00  m L E r le n m e y e r fla s k , a n d  in c u b a te d  on a ro ta ry  s h a k e r  (20 0  rp m ) a t room  

te m p e ra tu re  fo r  4  d a y s . T he  v e g e ta t iv e  s e e d  o b ta in e d  (2 m L ) w a s  tra n s fe rre d  in to  a 500  

m L o f E r le n m e y e r f la s k  c o n ta in in g  2 00  m L  o f Y M B  +  0 .1 % C a C O 3, a n d  in c u b a te d  a t the  

s a m e  a b o v e  c o n d it io n s  fo r  10 d a y s . T he  YM  fe rm e n ta tio n  b ro th  (10L ) o f Streptom yces  
sp . C 1 0 -6  w a s  filte re d  th ro u g h  a B u c h n e r fu n n e l. T he  filtra te  w a s  p a r tit io n e d  w ith  e thy l 

a c e ta te  (1 0 L *3 ). T he  e th y l a c e ta te  la ye r w a s  c o lle c te d  a n d  c o n c e n tra te d  u n d e r
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re d u c e d  p re s s u re  a t 3 3 ° c  to  y ie ld  4 3 8 .2  m g  o f th e  e th y l a c e ta te  e x tra c t (d a rk  b ro w n  o ily  

liq u id )  as sh o w n  in S c h e m e  3.1.

T he  c ru d e  e th y l a c e ta te  e x tra c t (4 3 8 .2 m g ) o f S trep tom yces  sp . C 1 0 -6  w as  

fra c t io n e d  b y  g e l f iltra tio n  c h ro m a to g ra p h y  u s in g  s ilig a  g e l as an  a d s o rb e n t as sh o w n  in 

S c h e m e  3 .2 . T he  g ra d ie n t o f M eO H  in C H C lj w a s  u s e d  as a m o b ile  p h a s e  to  g iv e  10 

fra c t io n s  (1 -1 0 ) (30  ทาL/ a fra c t io n ) . E ach  fra c t io n  w a s  fu rth e r  c h a ra c te r iz e d  b y  N M R  

a n d  d is c  d if fu s io n  a n a ly s is  a g a in s t Escherichia coli A T C C  2 5 9 2 2 , P seudom onas  
aeruginosa  A T C C  2 7 8 5 3 , Bacillus subtilis A T C C  1 6633 , Staphylococcus aureus A T C C  

6 53 8P , M icrococcus luteus  A T C C  9 34 1 , a n d  Candida albicans  A T C C  10231 .
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A T C C  1 0 23 1 , ร .  subtilis A T C C  6 6 3 3 , Ps.aeruginosa 
A T C C  2 7 8 5 3 , M.luteus A T C C  9341

S c h e m e  3.1 E x tra c tio n  o f th e  Y M  fe rm e n ta tio n  b ro th  o f Streptomyces sp . C 1 0 -6 .



E thyl a c e ta te  e x tra c t

S c h e m e  3 .2  Is o la tio n  o f  th e  e th y l a c e ta te  e x tra c t o f  Streptomyces sp . C 1 0 -6
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6 . Chemical study of antimicrobial agent

6.1 C o lu m n  c h ro m a to g ra p h y

6.1.1  G e l f iltra tio n  c h ro m a to g ra p h y

A d s o rb e n t 

P a c k in g  m e th o d

S a m p le  lo a d in g

D e te c tio n

: S e p h a d e x  L H -20  (A m e rs h a m  B io s c ie n c e s )

: S e p h a d e x  L H -20  g e l w a s  s u s p e n e d  เท an  e lu a n t 

a n d  le ft s ta n d in g  o v e rn ig h t to  sw e ll p r io r  to  use, 

th e n  p o u re d  in to  th e  c o lu m n  a n d  a llo w e d  to 

se ttle .

: T he  s a m p le  w a s  d is s o lv e d  เท a s m a ll v o lu m n  o f 

an  e lu a n t (M e O H ) a n d  lo a d e d  on  th e  to p  o f 

c o lu m n .

: F ra c tio n s  w e re  c h a ra c te r iz e d  b y  N M R  a n d  d is c  

d if fu s io n  a n a lys is .

6 .2  P ro to n  n u c le a r m a g n e tic  re s o n a n c e  s p e c tro s c o p y  (1H N M R ).

1H N M R  s p e c tra  o f e x tra c ts  a n d  p u re  c o m p o u n d s  as  a p u r ity  c h e c k  w e re  

re c o rd e d  on a B ru k e r G e m in i 2 0 0 0  s p e c tro m e te r  o p e ra tin g  a t 2 00  M H z  s p e c tro m e te r  

(w ith  CDCIg, ac tone-c /g  a n d /o r  D M S O -dg  as so lve n t). 1H N M R  s p e c tra  o f p u re  c o m p o u n d s  

a n d  a ll o th e r  N M R  m e a s u re m e n ts  w e re  p e rfo rm e d  on B ru k e r A M -4 0 0  (40 0  M H z) N M R  

s p e c tro m e te r  o p e ra tin g  a t 4 0 0  M H z (1H).

S p e c tra  o f p u re  c o m p o u n d s  w e re  p ro c e s s e d  u s in g  B ru k e r 1D W IN -N M R  

o r 2D  W IN -N M R  s o ftw a re . T h e y  w e re  c a lib ra te d  u s in g  s o lv e n t s ig n a ls  (13C: CDCIg 7 7 .0 0  

p p m , a c to n e -d g  3 0 .5 0 , 2 0 6 .0  p p m  a n d  D M S O -dg  3 9 .5  p p m ) o r  a s ig n a l o f th e  p o rtio n  o f 

th e  p a rtly  o r n o t d e u te ra te d  s o lv e n t (1H: CHClg เท CDCIg Ô 7 .2 6  p p m , a c e to n e  in 

a c e to n e -d g  Ô d  2 .0 5  p p m , w a te r  (H 20 )  in a c e to n e -d g  8  ~  2 .8  p p m  a n d  D M S O -c/gÔ 2 .50  

p p m , a n d  w a te r  (H 20 )  เท DMSO-c/g 8  3.31 p p m ).
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6 .3  S o lv e n ts

All solvents used in this research such as methanol, dichloromethane,
ethyl acetate, and hexane were commercial grade and purified prior to use by
distillation.

£  ท U M  แ
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