
CHAPTER II 

LITERATURE REVIEW

T h e re  w a s  a d e s c r ip t io n  b y  C o yn e  (19 99 ) on  h o w  th e  a c t in o m y c è te s  a re  c lo s e  

fr ie n d s  to  h u m a n  a n d  th e y  c a n  in f lu e n c e  o u r d a ily  life  s ty le . “ T a ke  a h a n d fu l o f g a rd e n  

o r f ie ld  so il, h o ld  it c lo s e  to  y o u r nose , a n d  b re a th e  d e e p ly . W h a t d o  yo u  sm e ll?  It’s no t 

o b v io u s  th a t yo u  s h o u ld  sm e ll a n y th in g  b a s e d  s im p ly  on  th e  c o m p o s it io n  o f so il, 

b e c a u s e  m o s t s o ils  a re  p r im a r ily  m a d e  u p  o f in e rt m a te r ia ls  s u c h  as s a n d , s ilt, a n d  c lay . 

B u t yo u  p ro b a b ly  d o  sm e ll s o m e th in g : an e a rth y , m us ty , sm e ll. M a y b e  it's  sm e ll th a t 

b r in g s  b a c k  o ld  m e m o rie s  o f c u tt in g  g ra s s  in s p r in g  o r b u rn in g  le a ve s  เท fa ll. The  sm e ll 

is rea l e ve n  if th e  im a g e s  it e vo ke s  a re  ju s t m e m o rie s . W h a t y o u r s e n s e  o f sm e ll d e te c ts  

a re  m ic ro b ia l p ro d u c ts  c a lle d  g e o s m in s  (1 ,1 0 -d im e th y l-9 -d e c a lo ls ) . G e o s m in s  p ro d u c e  

th e  s m e ll o f  fre s h ly  p lo w e d  so ils  a n d  m u s ty  c e lla rs - th e  s m e lls  th a t re m in d  c ity  fo lk  o f 

c o u n try  life . G e o s m in s  a re  p ro d u c e d  b y  th e  g ro u p  o f m ic ro o rg a n is m s — THE 

A C T IN O M Y C E T E S " (C o yn e , 1999)

1. Characteristics of actinomycètes

A c t in o m y c è te s  a re  p ro k a ry o te  th a t fo rm  fila m e n to u s  m y c e lia  a n d  s p o re s  like  

fu n g i a n d  w e re  o r ig in a lly  c a lle d  ra y  fu n g i. T h e re  w e re  tw o  im p o r ta n t c h a ra c te r is t ic s  th a t 

d is t in g u is h  a c t in o m y c è te s  from  fu n g i: one , a c tin o m y c è te s  h ave  no ce ll n u c le u s  a n d  fo rm  

h y p h a e  0 .5  to  1 .0  ]Tm  in d ia m e te r, w h ic h  a re  s m a lle r  th a n  fu n g a l h y p h a e . Tw o, 

a c t in o m y c è te s  a re  n o t p h o to s y n th e tic . M o s t o f th e m  a re  s a p ro p h y te , g ro w in g  b y  

d e c o m p o s in g  o rg a n ic  m a tte r. S o m e  a c tin o m y c è te s  a re  h u m a n  o r  p la n t p a th o g e n s , fo r  

e x a m p le  p o ta to  s c a b  d is e a s e  b y  Streptom yces sca b ies  a n d  ร . turgidiscabies  (L e h to n en  

a n d  et. al., 2 0 0 4 ) b u t s o m e  s tra in s  a re  p a r t ic u la r ly  b e n e fic ia l, g e n u s  Frankia fo rm  

a s s o c ia t io n s  w ith  w o o d y  s h ru b s  (n o n - le g u m in o u s  p la n ts ) a n d  fix  n itro g e n . T he y  a re  

fo u n d  in so il, s e d im e n t a n d  c o m p o s ts . T h e se  m ic ro o rg a n is m s  re q u ire  0 2 fo r  g ro w th . 

T h e ir  s p o re s  c a n  to le ra n t d e s ic c a t io n , a n d  th e  s p o re s  o f th e rm o p h ilic  a c t in o m y c è te s



w e re  fo u n d  to  b e  re s is ta n t to  h ig h  te m p e ra tu re s  a t m a x im u m  re s is ta n c e  to  100° c  
(C h a rle s , 2 0 0 5 ). F u rth e rm o re , a c tin o m y c è te s  a re  to le ra n t o f a lk a lin e  c o n d it io n s . เท 

a lka lin e  s o ils , 9 5 %  o f th e  m ic ro b ia l iso la te s  m ay  be  a c tin o m y c è te s . A t pH  o f less  than  

5, a c t in o m y c è te s  m a ke  u p  less  th a n  1%  o f th e  m ic ro b ia l p o p u la t io n  (C o yn e , 1999).

2. Characteristics of the genus Streptomyces

S trep tom yces  a re  g ra m -p o s it iv e  b a c te r ia  in fa m ily  s tre p to m y c e ta c e a e , o rd e r 

A c t in o m y c e ta le s  (T a b le  2 .1 ). G e rm in a tio n  o f s p o re s  o r  f ra g m e n ta t io n  o f v e g e ta t iv e  

m y c e liu m , d e v e lo p s  in to  h y p h a e  (b ra n c h in g  f ila m e n t) th a t p e n e tra te  th e  a g a r  (s u b s tra te  

m y c e liu m ), a n d  th e  h y p h a e  th a t b ra n c h  re p e a te d ly  a n d  b e c o m e  c e m e n te d  to  the  

s u rfa c e  o f th e  a g a r  fo rm in g  a to u g h , le a th e ry  c o lo n y . Strep tom yces  c o lo n y  is c o v e re d  

w ith  a e ria l m y c e liu m  (fre e , e re c t h y p h a e  s u rro u n d e d  b y  a h y d ro p h o b ic  s h e a th  th a t g ro w  

in to  th e  a ir  a w a y  fro m  th e  co lo n y ). T h e se  h y p h a e  a re  in itia lly  w h ite  b u t tu rn  to  a ra n g e  o f 

c o lo rs  w h e n  b e g in  s p o re  fo rm a tio n . C o lo n ie s  th e n  a p p e a r  p o w d e ry  o r v e lv e ty  a n d  c a n  

th e n  b e  re a d ily  d is t in g u is h e d  from  th e  ty p ic a l b a c te r ia l c o lo n ie s . Strep tom yces  s tra in s  

p ro d u c e  a w id e  v a r ie ty  o f p ig m e n ts  re s p o n s ib le  fo r  th e  c o lo r  o f th e  v e g e ta t iv e  a n d  aeria l 

m y c e lia . C o lo re d  d if fu s ib le  p ig m e n ts  m a y  a lso  b e  fo rm e d . M a n y  s tra in s  p ro d u c e  one  

o r  m o re  a n tib io t ic s . Strep tom yces  s tra in s  use  a w id e  ra n g e  o f o rg a n ic  c o m p o u n d s  as 

so le  s o u rc e s  o f c a rb o n  fo r  e n e rg y  a n d  g ro w th  (G o o d fe llo w , 198; C ro ss , 1994).

C u ltu ra l c h a ra c te r is t ic s  o f th e  g e n u s  Strep tom yces  on  v a r io u s  c u ltu re  m e d ia  

s u c h  as c o lo r  o f th e  s o lu b le  p ig m e n t, c o lo r  o f th e  v e g e ta t iv e  g ro w th , th e  a e ria l m yce liu m  

a n d  s p o re  c h a ra c te rs , a n d  th e  m ic ro m o rp h o lo g y  o f th e  s p o ru la tio n  s tru c tu re , m yce lia ll 

p ig m e n t a n d  p ig m e n t th a t a re  p ro d u c e d  in th e  s u b s tra te  m y c e liu m  a n d  d if fu s e d  o u t in to  

th e  m e d iu m  h a ve  b e e n  u s e d  as c r ite r ia  fo r d e s c r ip t io n s  o f th e  Strep tom yces  s p e c ie s .
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Table 2.1 Key to morphological characteristics of family streptomycetaceae8 (Holt, 
1989; Cross, 1994)

7

G e n u s M o rp h o lo g ic a l c h a ra c te r is t ic s

Strep tom ycesb A e ria l m y c e liu m  w ith  c h a in  (u s u a lly  lo n g ) o f n o n -m o tile  c o n id ia .

Actinomadura S h o rt c h a in s  o f c o n id ia  on  a e ria l m y c e liu m , o fte n  c u r le d  in to  a 

c ro z ie r.

Streptoverticillium W h o rls  o f s tra ig h t c h a in s  o f c o n id ia  fo rm e d .

Kineosporia N o a e ria l m y c e liu m ; c lu b -s h a p e d  s p o ra n g ia  fo rm e d  te rm in a lly  on  

th e  v e g e ta t iv e  m yce liu m .

Sporichthya N o s u b s tra te  m y c e liu m  is fo rm e d , a e ria l m y c e liu m  o n ly , m o tile  

e le m e n ts  fo rm e d .

M icromonospora N o s p o ra n g ia . S in g le  c o n id ia  fo rm e d  on  s u b s tra te  m yc e lia , o ften  

in la rg e  b la c k  m u c o id  m asse s .

Microbispora C h a in s  o f c o n id ia  w ith  o n ly  tw o  sp o re s .

Nocardioides B o th  a e ria l a n d  s u b s tra te  m y c e lia  b re a k in g  u p  in to  fra g m e n ts .

Intrasporangium O n ly  s u b s tra te  m y c e liu m  fo rm e d  b e a r in g  te rm in a l o r s u b te rm in a l 

v e s ic le s .

aStreptomycetaceae, All are aerobic sporoactinomycetes with cell wall type I (containing of L- 

d iam inopim elic acid, L-DAP).

b Streptomyces, This genus includes the most common isolated from soil and most of the important 

producers o f antibiotics.

P h y s io lo g ic a l a n d  b io c h e m ic a l p ro p e rt ie s  s u c h  as re a c tio n  on  s ta rc h , g e la t in  o r m ilk , 

n itra te  re d u c tio n  a n d  m e la n in  fo rm a tio n  a n d  u tiliz a tio n  o f c a rb o n  s o u rc e s  h ave  b e e n  

u s e d  e x te n s iv e ly  to  c h a ra c te r iz e  Strep tom yces  s tra in s  a n d  s p e c ie s . (G o o d fe llo w , a n d  

W illia m , 198 3 ). T h e  c e ll w a ll p e p tid o g ly c a n  c o n ta in s  m a jo r  a m o u n t o f L -d ia m in o p im e lic  

a c id  (L -D A P ). T he  la c k  o f m y c o lic  a c id  b u t c o n ta in  m a jo r  a m o u n ts  o f s a tu ra te d  iso - a nd  

a n te is o - fa tty  a c id s ; p o s s e s s  e ith e r  h e xa - o r a c ta h y d ro g e n a te d  m e n a q u in o n e s  w ith  n ine  

is o p re n e  u n its  as  th e  p re d o m in a n t is o p re n o lo g , a n d  h ave  c o m p le x  p o la r  lip id  p a tte rn s



th a t ty p ic a lly  c o n ta in  d ip h o s p h a tid y lin o s ito l a n d  p h o s p h a t id y lin o s ito lm a n o s id e s . The 

p re d o m in a n t m e n a q u in o n e  c o m p o n e n t is o ne  g ro u p , M K -9  g ro u p . T he  ra n g e  o f G + C  

c o n te n ts  o f th e  D N A  w a s  6 9 -7 8  ทาo l% .

S tre p to m y c e te s  s tra in s  a re  w id e ly  d is tr ib u te d  in te rre s tr ia l a n d  a q u a tic  h a b ita ts . 

M os t a re  s tr ic t  s a p ro p h y te s , b u t so m e  fo rm  p a ra s it ic  a s s o c ia t io n s  w ith  p la n ts  o r an im a ls . 

B u t little  is k n o w  a b o u t th e  ro le  o f s tre p to m y c e te s  in n a tu ra l e n v iro n m e n ts , a lth o u g h  

e v id e n c e  o f th e ir  o c c u r re n c e s  a n d  n u m b e rs  in h a b ita ts  is e x te n s iv e . R e c e n t re v ie w s  on 

s tre p to m y c e te  e c o lo g y  a re  C ro ss , 1981 ; K u tzn e r, 1981 ; G o o d fe llo w  a n d  W illia m s , 1983; 

W illia m s  e t al., 1984 ; G o o d fe llo w  a n d  S im p so n , 1987.

T he  s u rv iv a l c a p a c it ie s  o f s tre p to m y c e te  s p o re s  a re  g re a te r  th a n  th a t o f th e  

h y p h a e . S tre p to m y c e te  s p o re s  h ave  a n e t n e g a tiv e  s u rfa c e  c h a rg e  e x c e p t a t low  pH  

a n d , a re la t iv e ly  lo w  e n d o g e n o u s  m e ta b o lis m s  a n d  a re  g e n e ra lly  m o re  re s is ta n t to  h ea t 

th a n  th e  c o rre s p o n d in g  h y p h a e  (G o o d fe llo w  a n d  S im p s o n , 1987 ). S p o re s  a re  re le a se d  

a b o v e  so il w h e n  p a r t ic le s  a re  d is tu rb e d  b y  w in d  o r  ra in , w h e re a s  d is p e rs a l w ith in  so il is 

a s s is te d  b y  m o v e m e n t o f w a te r  a n d  a rth ro p o d s  (R u d d ic k  a n d  W illia m s , 1972). เท d ry  

so il, s tre p to m y c e te s  c o u n ts  d e c re a s e  m a rk e d ly , b u t th e ir  p ro p o rt io n  to  o th e r b a c te r ia  

m a y  be  h ig h e r  b e c a u s e  th e ir  s p o re s  a re  m o re  re s is ta n t to  d e s ic c a t io n  th a n  a re  the  

v e g e ta t iv e  c e lls  o f b a c te r ia . O p tim u m  c o u n ts  fro m  n e u tra l so il a n d  o p tim u m  g ro w th  o f 

s tre p to m y c e te s  in o c u la te d  in to  s te rile  so il o c c u r  a t m o is tu re  te n s io n s  b e tw e e n  pH  1.5 

a n d  2 .5 . S o m e  s tre p to m y c e te s  is o la te d  fro m  a c id  so il a re  a b le  to  g ro w  on m e d ia  a t 

h ig h  o s m o tic  p o te n tia ls  (W o n g  a n d  G riffin , 1974)

So il, fo d d e r  a n d  c o m p o s ts  a re  th e  p r im a ry  re s e rv o irs  fo r  s tre p to m y c e te s . 

S p e c if ic  g ro w th  ra te  a n d  d o u b lin g  tim e  fo r  s tre p to m y c e te s  in la b o ra to ry  c u ltu re  a re  

a p p ro x im a te ly  in te rm e d ia te  b e tw e e n  th o s e  o f b a c te r ia  a n d  fu n g i (F lo w e rs  a n d  W illiam s , 

1977). PH is c le a r ly  an  im p o rta n t fa c to r  d e te rm in in g  th e  d is tr ib u t io n  a n d  a c tiv ity  o f 

s tre p to m y c e te s . A c id o p h il ic  w h ic h  is n e u tro to le ra n t s tre p to m y c e te s  g ro w s  b e tw e e n  pH

3 .5  a n d  7 .5 , b u t o p tim a lly  a ro u n d  pH  5 .5  a re  c o m m o n  in a c id  s o ils  (K h a n  a n d  W illiam s , 

1975).
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T he  15 c r ite r ia  u s e d  fo r  c la s s if ic a tio n  a n d  id e n t if ic a tio n  o f Strep tom yces  s p e c ie s  

a re  s u m m a r iz e d  in T a b le  2 .2  (H o lt, 1989).

Table 2.2 Criteria for classification and identification Streptom yces species

2.1 Criteria used for classification and identification of S t r e p t o m y c e s  species

C h a ra c te rs C h a ra c te r  s ta te s

1. S p o re  c h a in  m o rp h o lo g y Rectiflexibiles, Rectinaculiaperti o r Spirales.
2. S p o re  s u rfa c e  o rn a m e n ta tio n S m o o th , w a rty , s p in y , h a iry  o r  ru g o se .

3. O th e r  m o rp h o lo g ic a l fe a tu re s F ra g m e n ta tio n  o f s u b s tra te  m y c e liu m , s c le ro tia  

fo rm a tio n , s p o ru la tio n  on  s u b s tra te  m yce liu m .

4. C o lo r  o f s p o re  m ass B lue , g ra y , g re e n , re d , v io le t, w h ite  o r ye llo w .

5. P ig m e n ta tio n  o f  s u b s tra te Y e llo w -b ro w n , b lu e , g re e n , re d -o ra n g e  o r v io le t.

m y c e liu m  (c o lo n y  re ve rse ) pH  s e n s it iv ity  o f p ig m e n ts .

6. D iffu s ib le  p ig m e n ts Y e llo w -b ro w n , b lu e , g re e n , re d -o ra n g e  o r  v io le t. 

pH  s e n s it iv ity  o f p ig m e n ts .

7. M e la n in  p ig m e n t p ro d u c tio n O n p e p to n e -y e a s t e x tra c t- iro n  a g a r  a n d  ty ro s in e  

a ga r.

8. A n tim ic ro b ia l a c t iv ity A c t iv ity  a g a in s t Aspergillus niger, Bacillus 
subtilis, Candida albicans, M icrococcus luteus, 
Pseudom onas fluorescens, Escherichia coli, 
Saccharom yces cerevisiae  a n d  Streptococcus  
murinus.

9. E n zym e  a c tiv ity L e c ith in a s e , lip o ly s is  a n d  p ro te o ly s is  (on e g g -  

yo lk  m e d iu m ). H y d ro ly s is  o f c h it in , h ip p u ra te  a nd  

p e c tin . N itra te  re d u c tio n . H y d ro g e n  su lf id e  

p ro d u c tio n . P -L a c ta m a s e  a n d  P - la c ta m a s e  

in h ib ito r  p ro d u c tio n .
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Table 2.2 Criteria for classification and identification S t r e p t o m y c e s  species

C h a ra c te rs C h a ra c te r  s ta te s

10. D e g ra d a tio n  a c t iv ity A d e n in e , a lla n to in , a rb u tin , c a s e in , D N A , e la s tin , 

e s c u lin , g e la t in , g u a n in e , h y p o x a n th in e , RNA, 

s ta rch , te s to s te ro n e , T w ee n  80 , L -ty ro s in e , u rea , 

x a n th in e  a n d  xy lan

11. R e s is ta n c e  to  a n tib io t ic s C e p h a lo r id in e  (10 0 ), d im e th y lc h lo te tra c y c lin e

(jL il/m l) (500), g e n ta m ic in  (1 0 0 ), l in c o m y c in  (100), 

n e o m y c in  (50 ), o le a n d o m y c in  (10 0 ), p e n ic ill in  G 

(10 i.u .), r ifa m p ic in  (50 ), s tre p to m y c in  (100), 

to b ra m y c in  (50 ) a n d  v a n c o m y c in  (50).

12. G ro w th  te m p e ra tu re s  a n d  pH 4 °c , 1 0 °c , 3 7 ° c  a n d  4 5° c .  pH  4 .3 .

13. G ro w th  in th e  p re s e n c e  o f C rys ta l v io le t (0 .0 0 0 1 ), p h e n o l (0 .1 ),

in h ib ito ry  c o m p o u n d s  (%  w /v) p h e n y le th a n o l (0 .1 ,0 .3 ) ,  p o ta s s iu m  te llu r ite  

(0 .0 0 1 ,0 .0 1 ) , s o d iu m  a z id e  (0 .0 1 -0 .0 2 ), so d iu m  

c h lo r id e  (4, 7, 10, 13) a n d  th a llo u s  a c e ta te  

(0 .0 0 1 ,0 .0 1 ) .

14. U se  o f n itro g e n  s o u rc e s D L -o c -a m in o -n -b u ty r ic  a c id , L -a rg in in e , L-

(0 .1 %  w /v ) c y s te in e , L -h is tid in e , L -h y d ro x y p ro lin e , L- 

m e th io n in e , p o ta s s iu m  n itra te , L p -P h e n y la n in e , L- 

se rin e , L -th re o n in e  a n d  L -va lin e .

15. U se  o f c a rb o n  s o u rc e s  (0 .1 % A d o n ito l, L -a ra b in o s e , c e llo b io s e , d e x tra n , อ -

w /v ) fru c to s e , D -g a la c to s e , m e s o -in o s ito l, inu lin , อ -  

la c to se , m an ito l, D -m a n n o s e , D -m e le z ito s e , อ -  

m e lib io se , ra ff in o se , L -rh a m n o s e , s a lic in , 

s u c ro s e , tre h a lo s e , x y lito l a n d  D -xy lo se , so d iu m  

a c e ta te , s o d iu m  m a lo n a te , s o d iu m  p ro p io n a te  

a n d  s o d iu m  p y ru v a te .
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A n tib io t ic  is a c h e m ic a l s u b s ta n c e , p ro d u c e d  b y  m ic ro o rg a n is m s , has a 

c a p a c ity  to  in h ib it  g ro w th  o r d e s tro y  b a c te r ia  a n d  o th e r  m ic ro o rg a n is m s  (W aksm an , 

1953). A n tib a c te r ia l a n d  a n tifu n g a l p ro d u c e d  b y  Strep tom yces  re c e n tly  re p o rte d  w e re  

sh o w n  in T a b le  2 .3

Table 2.3 Antimicrobial agents produced by Streptom yces

3. Antibiotics from Streptomyces species

A n tim ic ro b ia l a g e n ts S tra ins A c t iv ity R e fe re n ce s

A c ta m y c in Strep tom yces  sp . 

E /784

A n tib a c te r ia l a c t iv ity H o o p e r a nd

R icka rd s ,

1998

A c t in o m y c in  z ร . fradiae G ro w th  in h ib it io n  o f B. 
subtil is A T C C  6051

L a c k n e r et 
a i, 2 0 0 0

B a g re m y c in s  A  a n d Strep tom yces  sp . M o d e ra te  a c t iv ity  a g a in s t B e rta sso  et
B Tu 4 1 2 8 g ra m p o s it iv e  b a c te r ia  

a n d  so m e  fu n g i

al., 200 2

B e n z a n th ra q u in o n e Streptom yces S e le c tiv e  a c t iv ity  a g a in s t T a n ig u c h i et
Y M - 1 8 1 7 4 1 Q 5 7 2 1 9 Helicobacter pylori al., 2002

C e d a rm y c in s  A  a n d Strep tom yces  sp . A n tib io t ic  a c t iv ity  a g a in s t S a sak i et al.,
B T P -A O  4 56 G ram  p o s it iv e  a n d  

n e g a tiv e  b a c te r ia , a n d  

y e a s ts

2 0 0 2  a

C re m im y c in Strep tom yces  sp . 

M J 6 3 5 -8 6 F 5

B ro a d  s p e c tru m  

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

a g a in s t g ra m -p o s it iv e  

b a c te r ia  in c lu d in g  

ทาe th ic illin -re s is ta n t 

Staphylococcus aureus 
(M R S A)

Ig a ra sh i et 
al., 1998



Table 2.3 Antimicrobial agents produced by S t r e p t o m y c e s
1 2

A n tim ic ro b ia l a g e n ts S tra ins A c t iv ity R e fe re n ce s

C y c lo m a r in s  A, B a n d  c Streptom yces
sp .

C N B -9 8 2

P o ten t a n ti- in fla m m a to ry  

a c tiv ity

R e n n e r et al., 
1999

D e m e th y l ทานta c tim y c in s Streptom yces
sp .

G W  60/1571

M o d e ra te  a n tim ic ro b ia l 

a c tiv ity  a g a in s t G ra m 

p o s itiv e  b a c te r ia

S p e itlin g  et al., 
1998

5 ’-a n d  7 ’- Streptom yces A n tib a c te r ia l a c t iv ity S a sak i et al.,
d e m e th y in o v o b io c in s sp .

T P -A 0 55 6

a g a in s t G ra m -p o s it iv e  

a n d  n e g a tiv e  b a c te r ia

2001

D ih y d ro p h e n c o m y c in g Streptom yces
sp .

B8251

W e a k ly  a n tim ic ro b ia l 

a c tiv ity

P u se ke r et al., 
1997

(£ ) -4 -O x o n o n -2 -e n o ic

a c id

ร . olivaceus G ro w th  in h ib it io n  o f 

G ram  p o s itiv e  a n d  

n e g a tiv e  b a c te r ia

B a llin i a n d  

B o s ica , 1998

E n te ro c in Streptom yces
sp .

B D -26T

B a c te r io s ta t ic  a g a in s t 

G ra m -p o s it iv e  a n d  

g ra m -n e g a tiv e  b a c te r ia

S ita ch itta , et 
al., 1996

F e ig r is o lid e  B Streptom yces
sp .

g  rise us

S tro n g  a n tib a c te r ia l 

a c tiv ity , as  w e ll as 

m e d iu m  c y c to to x ic  a n d  

a n tiv ira l a c t iv ity

T an g  e t al., 
2 00 0

H y g ro m y c in  B Streptom yces
hygroscopicus

A g a in s t b a c te r ia , fu n g i 

a n d  h ig h e r  e u k a ry o tic  

c e lls  b y  in h ib it in g  

p ro te in  s y n th e s is

S u g d e n , B. et 
al., 1985



Table 2.3 Antimicrobial agents produced by S t r e p t o m y c e s
13

A n tim ic ro b ia l a g e n ts S tra ins A c t iv ity R e fe re n ce s

L a c to n a m y c in Streptom yces
sp.

rshiriensis 
M J 7 7 3 -8 8 K 4

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

a g a in s t G ra m -p o s it iv e  

b a c te r ia  in c lu d in g  

M R S A  a n d  v a n c o m y c in -  

re s is ta n t Enterococcus  
(VRE)

M a tsu m o to  et 
al.1 1999

M a n n o p e p t im y c in s  8 Streptom yces
hygroscopicus
L L -A C 9 8

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

a g a in s t

S ta p h y lo c o c c c u s  a n d  

e n te ro c o c c u s

S in g h  et. al., 
2 00 3

M a th e m y c in  B Streptom yces
sp .

In h ib it io n  o f Fusarium  
culmorum  100

M u k h o p a d h y a  

y  e t al. 1 1999

2 -m e th y l-h e p ty l Streptom yces A n tim ic ro b ia l a c t iv ity B o rd o lo i e t al.,
is o n ic o tin a te sp . 201 a g a in s t B. subtilis, 

Shigella sp . 1 Klebsiella 
sp ., E. coli, Proteus 
mirabilis a n d  

p a th o g e n ic  fu n g i

2002

M e th y ls u lfo m y c in  1 Streptom yces  
sp . H L IY -  

9 4 2 0 7 0 4

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

a g a in s t a w id e  ra n g e  o f 

G ra m -p o s it iv e  b a c te r ia  

in c lu d in g  M R S A  a n d  

v a n c o m y c in  a n d  

te ic o p la n in  re s is ta n t 

s tra in

V ija y a -K u m a r 

et al., 1999
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Table 2.3 Antimicrobial agents produced by S t r e p t o m y c e s

A n tim ic ro b ia l a g e n ts S tra ins A c t iv ity R e fe re n ce s

N id d a m y c in  a n d  

c e le s tic e t in

Streptom yces  
sp . c a e le s t is

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

a g a in s t g ra m -n e g a tiv e  

a n d  g ra m -p o s it iv e  

b a c te ria

M e llo u li, et al., 
2 00 3

P e n ta e n e  m a c ro lid e  

T P U -0 0 4 3

Streptom yces  
sp . T P -A 0 62 5

A n tifu n g a l a c t iv ity Y a su h iro , et 
al., 2 0 0 5

R a d a m y c in Streptom yces  
sp . RSP9

P o ten t a n tib io t ic  a c t iv ity  

a g a in s t se v e ra l G ra m 

p o s itiv e  b a c te r ia

G o n z a le z - 

H o lg a d o  

et al., 2002

R u b ig in o n e s  อ 2, H a n d  

1

Streptom yces
sp.

G o  N 1/5

G ro w th  in h ib it io n  o f 

G ra m -p o s it iv e  b a c te r ia  

a n d  c y to s ta t ic a lly  a c tiv e  

a g a in s t d if fe re n t tu m o r 

ce ll lines

P u de r, e t al., 
1999

S p iro fu n g in Streptom yces
sp.

violaceusniger 
Tu 4 1 1 3

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

a g a in s t v a r io u s  fu n g i 

a n d  p a r t ic u la r ly  y e a s ts

H o ltze l et al., 
1998

S tre p to c id in s  A -D Streptom yces
sp.

Tu 6071

A n tib io t ic  a g a in s t G ra m 

p o s itiv e  b a c te r ia

G e b h a rd t, et 
al., 1999

Tetri ท c Streptom yces
sp .

G K  9 2 4 4

A n tifu n g a l a c t iv ity  

a g a in s t Mortierella 
ramannianus

Ryu et al., 
1999

V in y la m y c in Streptom yces
sp .

M l 982-63F1

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

a g a in s t G ra m -p o s it iv e  

b a c te r ia  in c lu d in g  

M R S A

Ig a ra sh i et al., 
1999
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Table 2.3 Antimicrobial agents produced by S t r e p t o m y c e s

A n tim ic ro b ia l a g e n ts S tra ins A c t iv ity R e fe re n ce s

W a ta s e m y c in s  A  a n d  B Streptom yces
sp .

T P -A 0 59 7

A n tib io t ic  a c t iv ity  

a g a in s t G ra m -p o s it iv e  

a n d  n e g a tiv e  b a c te r ia , 

a n d  y e a s ts

S a sak i et al., 
2 0 0 2  b

Y a ta k e m y c in Streptom yces  
sp . T P -A 0 35 6

A n tifu n g a l a c t iv ity  

a g a in s t Aspergillus 
fumigatus, Candida  
albicans a lso  

c y to to x ic ity  a g a in s t 

c a n c e r  ce ll line

Y a s u h iro  et. 
al., 200 2

Z e lk o v a m y c in Streptom yces
sp .

K 9 6 -0 6 7 0

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

a g a in s t Xanthom onas  
oryzae, Acholeplasm a  
laidlawii a n d  

Staphylococcus aureus

Z h a n g  et al., 
1999



4. Screening of antimicrobial producing actinomycètes

4.1 Primary screening

W a s k m a n  a n d  S ta rk e y  (1 9 8 7 ) re p o rte d  th a t d u r in g  a s tu d y  o f a c tin o m y c è te s  

p la te  c o u n tin g , s o m e  o f a c t in o m y c è te s  c o lo n ie s  e x h ib ite d  in h ib it io n  zo n e , an  a re a  w h e re  

w a s  fre e  fro m  b a c te r ia l a n d  fu n g a l g ro w th . B y  fa r  te s tin g  o f th e s e  a n ta g o n is t ic  

p ro p e rt ie s  a re  th e  m o s t s u c c e s s fu l m e th o d  fo r  s c re e n in g  o f a n tib io t ic  p ro d u c in g  

a c tin o m y c è te s . A c t in o m y c è te s  w h ic h  d e m o n s tra te  an  a n ta g o n is t ic  p ro p e rty  b y  

p ro d u c in g  a d if fu s ib le  s u b s ta n c e  e ffe c tiv e  u p o n  the  te s t m ic ro o rg a n is m s  m us t a lso  

d e m o n s tra te  th a t th e ir  d if fu s ib le  s u b s ta n c e s  a re  p ro d u c e d  in l iq u id  m e d ia  (W askm an , 

1967). S in c e  a n tib io t ic s  m u s t b e  o b ta in e d  in liq u id  m e d ia  fo r  la rg e -s c a le  p ro d u c tio n .

A g a r  d if fu s io n  m e th o d  is a c la s s ic a l p r im a ry  s c re e n  m e th o d  fo r  d e te c tio n  a nd  

iso la tio n  o f a n tib io t ic  p ro d u c in g  m ic ro o rg a n is m s . The  m e th o d  h as  a lso  b e e n  u s e d  to  

m o n ito r an  a n t ib io t ic  p ro d u c tio n  in fe rm e n ta tio n  p ro c e s s  (S h ir in g  a n d  G o ttlie b , 1966). 

P rim a ry  s c re e n in g  c a n  b e  b o th  q u a lita tiv e  a n d  q u a n tita tiv e  a p p ro a c h e s . T he  q u a lita tiv e  

a p p ro a c h  re v e a ls  a s p e c tru m  o r ra n g e  o f m ic ro o rg a n is m s , w h ic h  is s e n s itiv e  to  the  

a n tib io tic . T he  q u a n tita t iv e  a p p ro a c h  re ve a ls  the  y ie ld  o f th e  a n tib io t ic  p ro d u c e d .

4.2 Secondary screening

S e c o n d a ry  s c re e n in g  e m p h a s iz e s  on  fa c to rs  a ffe c te d  on g ro w th  a n d  a n tib io tic  

p ro d u c tio n , fo r  e x a m p le , p H , a e ra tio n , n u tr ie n t re q u ire m e n t. T h e se  fo rm a tio n s  w ill be  

u se d  fo r  d e c is io n  m a k in g  on th e ir  c o m m e rc ia l p o te n tia l.

5. Antibiotic production of Streptomyces

O p tim a l c o n d it io n s  fo r  a n tib io tic , s e c o n d a ry  m e ta b o lite , p ro d u c tio n  a re  d if fe re n t from  

o p tim a l c o n d it io n s  fo r  g ro w th , a n d  p r im a ry  m e ta b o lite  p ro d u c tio n . A n tib io t ic  p ro d u c tio n  

d e p e n d s  on  s e v e ra l fa c to rs . O n e  o f th em  is m e d iu m  c o m p o s it io n  (Lu ria , 1960).
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M e d iu m  c o m p o s it io n  u s e d  fo r  a n tib io t ic  p ro d u c tio n  b y  v a rio u s  s tra in s  o f 

Strep tom yces  w e re  sh o w n  in T a b le  2 .4

5.1.1 Carbon source

N e a rly  a il s p e c ie s  o f Streptom yces  a re  c h e m o h e te ro tro p h s . The 

o rg a n is m s  a re  u s u a lly  fo u n d  n a tu ra lly  in so il a n d  h ave  an a b il ity  to  u tilize  a v a r ie ty  o f 

o rg a n ic  c a rb o n  s o u rc e s . T he  m o s t c o m m o n  c a rb o n  s u b s tra te s  u s e d  fo r  a n tib io tic  

p ro d u c tio n  a re  s ta rc h , o il, a n d  v a rio u s  ty p e s  o f s im p le  s u g a rs . S in ce , the  c a rb o n  

s u b s tra te  is u s u a lly  th e  m a jo r m e d iu m  c o m p o n e n t a n d  fre q u e n tly , is th e  m a jo r  c o s t o f 

m e d iu m . T h e re fo re , s u ita b le  c a rb o n  s u b s tra te  s h o u ld  b e  e v a lu a te d  from  b o th  a n tib io tic  

y ie ld  a n d  th e  c a rb o n  s u b s tra te  co s t.

5.1.2 Nitrogen source

T he  s tre p to m y c e te s  c a n  a s s im ila te  v a r io u s  fo rm  o f n itro g e n . The 

n itro g e n  s o u rc e s  u s u a lly  e m p lo y  in in d u s tr ia l a n tib io t ic  fe rm e n ta tio n s  a re  p ro te in , 

a m m o n ia  a n d  a m m o n iu m  sa lt, u rea , a n d  n itra te  sa lt. T he  s tre p to m y c e te s  g e n e ra lly  

u tilize  th e  n itro g e n  s o u rc e s  in th e  o rd e r  p re s e n te d  a b o v e  (W a ksm a n . 1967). W hen  

c a rb o n  s o u rc e  is d e p le te d , th e  s tre p to m y c e te s  w ill u tilize  p ro te in  a n d  re le a se  a m m o n ia  

to  the  m e d iu m . T h is  c a u s e s  a rise  in th e  pH  o f th e  c u ltu re  b ro th . E xc e s s iv e  a m m o n ia  

leve l in c u ltu re  b ro th  in h ib its  a n tib io t ic  p ro d u c tio n  (Y o u n g , 1981 ; M a s u m a  et at., 1983).

5.1.3 Phosphorus source

P h o s p h o ru s  is s u p p lie d  to  th e  fe rm e n ta tio n  m e d iu m  in th e  fo rm  o f 

in o rg a n ic  p h o s p h a te  (W a ksm a n , 1967) a n d /o r  c o m p le x  o rg a n ic  p h o s p h a te . The 

c o m p le x  p h o s p h a te  is g e n e ra lly  p re s e n t in th e  n a tu ra l p ro d u c ts  u s e d  to  s u p p ly  p ro te in
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to the medium. Excess phosphate is a strong inhibitor or repressor of antibiotic
p ro d u c tio n .

5.1.4 Sulfur source

S u lfu r  is u s u a lly  s u p p lie d  to  m e d iu m  as su lfa te , b u t s o m e  s u lfu r  is a lso  

a v a ila b le  fro m  c y s te in e  a n d  m e th io n in e  o f p ro te in . M o s t s tre p to m y c e te s  m e d ia  co n ta in  

e x c e s s  o f su lfu r, as  s u lfu r  d o e s  in h ib it n e ith e r g ro w th  n o r a n tib io t ic  p ro d u c tio n .

5.1.5 Major cations

T he  m a jo r c a tio n s ; in c lu d in g  s o d iu m , p o ta s s iu m , c a lc iu m  a nd  

m a g n e s iu m ; a re  s u p p lie d  to  th e  m e d iu m  as c o u n te r  ions  o f su lfa te , p h o s p h a te , c h lo rid e , 

e tc ., w h ic h  n a tu ra lly  o c c u r  as m in e ra ls  in w a te r, a n d  as m in e ra ls  in o th e r c o m p le x  

s u b s tra te s . T he  e ffe c t o f th e  m a jo r  c a tio n s  on  th e  a n tib io t ic  p ro d u c tio n  is c o m p lic a te . 

เท s o m e  c a s e s , h ig h  leve l o f a p a r t ic u la r  c a tio n  c a n  e ith e r  s tim u la te  o r  in h ib it p ro d u c t 

fo rm a tio n . M o s t o f m ic ro o rg a n is m s  re q u ire  a p ro p e r  b a la n c e  o f s o d iu m  a n d  p o ta ss iu m . 

C a lc iu m  a n d  m a g n e s iu m  c a n  fo rm  in s o lu b le  sa lts  a n d  re s u lte d  in  re m o va l o f n u tr ie n ts  

fro m  m e d iu m .

5.1.6 Trace minerals

N u m e ro u s  e n z y m e s  re q u ire  c e rta in  m e ta l ion s  as c o fa c to rs . The  ions 

th o s e  a re  o fte n  re q u ire d  in c lu d in g  m a n g a n e s e , iron , c o b a lt ,  c o p p e r , z in c , a nd  

m o ly b d e n u m . T h e y  a re  g e n e ra lly  re q u ire d  in v e ry  low  c o n c e n tra t io n  b u t a re  e sse n tia l. 

E xc e s s iv e  leve l c a n  in h ib it  p ro d u c t fo rm a tio n . M a n y  o f th e s e  ion s  a re  re a d ily  a v a ila b le  

in w a te r  a n d  c o m p le x  n u tr ie n ts .



Table 2.4 Medium composition and conditions for antibiotic production of Streptom yces strains

S tra in s A n t ib io t ic s S e e d P ro d u c tio n R e fe re n c e

m e d iu m c o n d it io n s m e d iu m c o n d it io n s

S trep tom yces  sp . 

Tu-6071

S tre p to c id in s  A - 

อ

M a n n ito l, s o y b e a n  

m ea l

pH  7.5, 27°c, 120 

rp m , 2 d a y s

M a n n ito l, s o y b e a n  m ea l p H  7 .5 , 27°c, 

120  rp m , 6 d a y s

G e b h a rd t et 
al., 2001

S trep tom yces  sp . 

W K -6 3 2 6

D e a c e ty lra v id o  

m y c in  M

S ta rc h , g lu c o s e , 

p e p to n e , m e a t 

e x tra c t, y e a s t 

e x tra c t, C a C 0 3

p H  7.0, 27°c, 

3 d a y s

S o lu b le  s ta rc h , s o lv e n t 

e x tra c te d  to a s te d  so y  

b e a n  m ea l, N a 2S20 3, 

F e S 0 4.7H 20 ,  K2H P 0 4, 

KC I

pH  6 .5 , 27°c, 

6 d a y s

A ra i et al., 
200 2

S trep tom yces  sp . 

Q 2 7 1 0 7

N e u ro p ro te c t in s  

A  a n d  B

S o lu b le  s ta rc h , 

g lu c o s e , s o y b e a n  

m e a l, N aC I, C a C 0 3, 

b e e f e x tra c t, y e a s t 

e x tra c t, K2H P 0 4

pH  7 .2 , 28°c, 

2 d a y s

S o lu b le  s ta rc h , g lu c o s e , 

s o y b e a n  m ea l, N aC I, 

C a C 0 3, b e e f e x tra c t, 

y e a s t e x tra c t, K2H P O 4

pH  7 .2 , 28°c, 

6 d a y s

K o b a y a s h i et 
al., 2001



Table 2.4 Medium composition and conditions for antibiotic production of S t r e p t o m y c e s  strains
S tra in s A n t ib io t ic s S e e d P ro d u c tio n R e fe re n ce

m e d iu m c o n d it io n s m e d iu m c o n d it io n s

Strep tom yces  sp . 

T P -A 0 5 8 4

G o a d s p o r in S o lu b le  s ta rc h , 

g lu c o s e , N Z -ca se , 

y e a s t e x tra c t, B a c to  

T ry p to n e , K2H P 0 4 

M g S 0 4.7H 20 ,  C aC O g

pH  7 .0 , 3 0 ° c , 

2 d a y s

S o lu b le  s ta rc h , g lu c o s e , 

g ly c e ro l,  p h a rm a m e d ia , 

y e a s t e x tra c t, D ia io n  H P -20

pH  7 .0 , 

3 0 °c ,

4  d a y s

O n a k a  e t al., 
2001

Strep tom yces  sp . 

RSP9

R a d a m y c in Y e a s t e x tra c t, 

s u c ro s e , x y lo se , 

M g C I2

p H  7 .2 , 2 8 ° c ,  

2 0 0  rp m , 1 

d a y s

Y e a s t e x tra c t, s u c ro s e , 

x y lo s e , M g C I2

pH  7 .2 ,

28° c ,

2 0 0  rp m , 4 -7  

d a y s

G o n z a le z -  

H o lg a d o  

e t al., 2 0 0 2

S trep tom yces  sp . 

T A -0 4 0 3

In d o c a rb a z o s ta t in  

A  a n d

In d o c a rb a z o s ta t in

B

S o lu b le  s ta rc h , 

g lu c o s e , N Z -ca se , 

y e a s t e x tra c t, fish  

m e a l, C aC O g

p H  6 .5 , 3 0 ° c , 

2 d a y s

S o lu b le  s ta rc h , g lu c o s e , 

p h a rm a m e d ia , s o y b e a n  m ea l, 

c o rn  s te e p  liq u o r, y e a s t 

e x tra c t, N aC I,

M g S 0 4.7 H 20 ,  C aC O g

pH  7 .0 , 

3 0 °c ,

3 d a y s

M a tsu u ra  et 
al., 2 0 0 2

o
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6. Characteristics of the genus Micromonospora

M icromonospora  fo rm e d  w e ll-d e v e lo p e d , b ra n c h e d , s e p ta te  s u b s tra te  m yce liu m  

a n d  s in g le  c o n id ia  a re  p ro d u c e d . T h is  m ic ro o rg a n is m s , n o rm a lly  la c k in g  ae ria l 

m y c e liu m , fo rm in g  lig h t y e llo w -o ra n g e  to  o ra n g e -re d  c o lo n ie s  (o c c a s io n a lly  b ro w n , 

m a ro o n  o r  b lu e  g re e n ) c o m p o s e d  o f t ig h tly  w o v e n , f in e  h y p h a e  (0 .2 -0 .6  เแทา เท 

d ia m e te r) . T he  d a rk  b ro w n  to  b la c k  s p o re s  a re  fo rm e d  w ith in  a n d  a t th e  s u rfa c e  o f the  

c o lo n ie s  w h ic h  d a rk e n  as a re su lt o f s p o ru la tio n  a n d  u s u a lly  tu rn  b la c k  a n d  m a y  b e c o m e  

m u c o id . T he  s in g le  s p o re s  a re  b o rn e  เท d e n s e  c lu s te rs  on  re p e a te d ly  b ra n c h e d  

s p o ro p h o re s  (c lu s te r  ty p e )  o r a re  w e ll d is p e rs e d  th ro u g h o u t th e  m y c e liu m . S p o ro p h o re  

b ra n c h in g  m a y  b e  m o n o p o d ia l o r s y m p o d ia l (S ykes  a n d  S k in n e r, 1 97 3 ). T he  m os t 

M icromonospora  s tra in s  a re  s e n s itiv e  to  pH  b e lo w  6 .0 . G ro w th  o c c u rs  n o rm a lly  

b e tw e e n  2 0 ° c  a n d  4 0 ° c  b u t n o t a b o v e  5 0 ° c  (H o lt, 1989). T h is  o rg a n is m  c o u ld  g ro w  

เท 1 .5 % -5 %  N aC I c o n c e n tra t io n , n o rm a lly  c o u ld  g ro w  เท 3%  N aC I. T he  te m p e ra tu re  

ra n g e  fo r  g ro w th  is 1 5 - 4 5 ° c ,  a n d  th e  o p tim a l te m p e ra tu re  is 2 5 -3 0 °C . A ll s tra in s  o f 

m icrom onospora  s h o w e d  p o s itiv e  re su lts  fo r  g e la t in  liq u e fa c tio n .

C h e m o ta x o n o m ic a lly , th e  g e n u s  Micromonospora  is c h a ra c te r iz e d  b y  a ce ll w a ll 

ty p e  II (L e c h e v a lie r  a n d  L e c h e v a lie r, 1970 ), a n d  a p h o s p h o lip id s  ty p e  II (L e ch e va lie r, 

D e B ie v re , a n d  L e c h e v a lie r, 1977). The  c e ll w a lls  o f M icromonospora  h ave  b e e n  fo u n d  

to  c o n ta in  g ly c in e , g lu ta m ic  a c id , m e s o -d ia m in o p im e lic  a c id  (m e s o -D A P ), a n d  D -a la n in e  

in a m o la r ra tio  o f 1 :1 :1 :0 .6 -0 .8 . T he  p h o s p h o lip id s  c o n ta in e d  เท th e  c e lls  a re  

d ip h o s p h a t id y lg ly c e ro l,  p h o s p h a tid y lin o s ito l, p h o s p h a t id y lin o s ito lm a n n o s id e s , a n d  

p h o s p h a t id y le th a n o la m in e , b u t p h o s p h a t id y lc h o lin e  is n o t d e te c te d . T he  p re d o m in a n t 

c e llu la r  fa tty  a c id s  a re  iso- a n d  anteiso- b ra n c h e d  fa tty  a c id . T he  p re d o m in a n t 

m e n a q u in o n e  c o m p o n e n ts  c a n  be  d iv id e d  in to  th re e  g ro u p s , M K -9 , M K -1 0  a n d  M K -12  

g ro u p s . T he  ra n g e  o f G + C  c o n te n ts  o f th e  D N A  w a s  7 1 -7 3  m o l% . Micromonospora  is 

th e  la rg e  g ro u p  o f ra re  a c t in o m y c è te s  th a t c a n  p ro d u c e  a la rg e  n u m b e r  o f a n tib io tic s . 

A p p ro x im a te ly  6 %  o f a c t in o m y c è te s  a n tib io t ic s  c a m e  fro m  M icromonospora. B io a c tive  

c o m p o u n d s  p ro d u c e d  fro m  M icromonospora  s tra in s  a re  s u m m a r iz e d  in T a b le  2 .5
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Table 2.5 Antimicrobial agents produced by Micromonospora

A n tim ic ro b ia l a g e n ts S tra ins A c t iv ity R e fe re n ce s

A r is o s ta tin s  A  a n d  B M icromonospora  sp . 

T P -A 0 3 1 6

A n tib io t ic  a c t iv ity  

a g a in s t G ra m -p o s it iv e  

b a c te r ia  a n d  a n titu m o r 

a c tiv ity

F u rum a i et. 
al., 2 00 0

C a lic h e a m ic in s M icromonospora 
echinospora  s u b s p . 

c a lic h e n s is

A n titu m o r a c tiv ity  

a g a in s t P 388  le u ke m ia  

a n d  B 16  m e la n o m a  in 

v ivo .

M a ie se  et. 
al., 1989

E c h in o s p o ra m ic in Micromonospora
echinospora

A n tib a c te r ia l a c t iv ity H e et. al., 
2 00 4

G a lta m y c in  B, M icromonospora  sp . C y to s ta t ic  e ffe c ts  to s tro c h  et.
re ty m ic in , a n d

r ib o fu ra n o s y llu -

m ic h ro m e

s tra in  Tu 636 8 va rio u s  h u m a n  tu m o r 

ce ll lines

al., 2 00 5

Kosi n os ta tin Micromonospora  sp . 

T P -A 0 4 6 8

A n titu m o r a c tiv ity F urum a i et. 
al., 2002

M ic ro m o n o s p o rin  A Micromonospora  sp . 

s tra in  T T 1 -1 1

A n tib a c te r ia l a c tiv ity , 

a n tim a la ria l a c tiv ity , a n d  

a n tim y c o b a c te r ia l 

a c tiv ity

T h a w a i et. 
al., 200 4

S a q u a y a m y c in  z M icromonospora  sp . 

s tra in  Tu 6 3 6 8

C y to s ta t ic  e ffe c ts  to  

v a rio u s  h u m a n  tu m o r 

ce ll lines  a n d  

a c tiv e  a g a in s t G ra m 

p o s itiv e  b a c te r ia

S tro ch  et. 
al., 200 5

T h io c o ra lin e Micromonospora  sp . 

s tra in  L -1 3 -A C M 2 -0 9 2

A n tim ic ro b ia l a c tiv it ie s R om ero  et. 
al., 1997
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