
1. Actinomycètes

A ctinom ycètes are prokaryotes that look like the fungal because they grow  as filam entous 

m ycelia  and form  spores. T here are tw o essential features that d istingu ish  actinom ycètes from  
fungi, first they are p rokaryotic  that have no cell nucleus, second hypha are from  0.5 to 1.0 pm  in 
d iam eter, w h ich  are m uch  sm aller than fungal hypha (w hich are 3-8 p m  in d iam eter). M ost 
actinom ycètes are saprophy tes, grow ing by  decom posing  organic m atters. T hey com pose 10% to 
50%  o f  the to tal m icrob ia l popu la tion  in soil. A ctinom ycètes are found  in soil (m ost com m only), 
com posts and sed im en t (C oyne, 1999). T hey are d iv ided into 9 fam ilies including 
A ctinom ycetaceae, M ycobacteriaceae, Frankiaceae, A ctinoplanaceae, D erm atophilaceae, 
N ocard iaceae, P seudonocard iaceae , M icrom onosporaceae and S trep tom ycetaceae (G oodfellow  
and B oard , 1980; L echevalier e t  a l . ,  1986; E m bley e t  a l . ,  1988; W arw ick  e t  a l . ,  1994; K im  e t  a l . ,  

2003).

1.1 S tr e p to m y c e s

T he genus S t r e p t o m y c e s  are gram -positive bacteria  in the fam ily S treptom ycetaceae, 
o rder A ctinom yceta les. N ow adays S t r e p t o m y c e s  con tain  about 527 species. T hey are aerobic 

bacteria  p rocessing  vegeta tive  hypha (0.5-1 .0 pm  in d iam eter), w h ich  produce an extensive 
branched  m ycelia  that rare ly  fragm ent. T hey are long chain  spores. Spores are non-m otile 

(G oodfellow , 1988).

1.1.1 Characteristics of S tr e p to m y c e s

Morphological and culturals characteristics:
C ultural characteristics o f  the genus S t r e p t o m y c e s  on various cultu re m edia are such 

characters as the co lors o f  so luble pigm ents, the colors o f  the vegetative grow th, the aerial 
m ycelium  and the m icrom orphology  o f  the sporu lation  structures have been  used  as criteria  for 
descrip tions the species o f  S t r e p t o m y c e s .  Spore chain  m orphological is sp iral, retinaculiaperti,
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rectiflex ib iles. sp o re  surface have been  characterized  by  term s rugose, hairy , sm ooth, w arty or 

spiny. Spore co lo r is b lue, gray, green, red, v iolet, w hite or yellow . P igm en ta tion  o f  substrate 
m ycelium  is yellow -brow n , b lue, green, red-orange or vio let and co lon ies on agar m edia are 
granular, pow dery , velvety  o r floccose (G oodfellow , 1988; C ross e t  a l . , 1994; C o llin  e t  a l . ,  1977, 

H olt, 1989).

Physiological and biochemical characteristics ะ
P hysiolog ical and biochem ical properties such  as hydrolysis reaction  (starch, gelatin , or 

m ilk), nitrate reduction , m elan in  form ation and utilization  o f  carbon  sources have been used 

extensively  to characterize S t r e p t o m y c e s  strains and species. The op tim um  tem perature for 

grow ing is 25-37 ° c  and the op tim um  pH  range for grow th is 6 .5-8 .0  (B rock  e t  a l . ,  1993).

Chemotaxonomic characteristics:
T he cell w alls o f  S t r e p t o m y c e s  strains have been  found to con ta in  N - acety lg lucosam ine, 

N - acetyl m uram ic acid , D - alan ine, D- glutam ic acid  and glycine w ith  L L- d iam inopim elic  acid. 
N o characteristic  sugar pattern  .P hospholipids pattern  is phospholip ids type II (Lechevalier e t  a l . ,  

1977). The predo m inan t ce llu la r fatty  acid  profile are saturated  iso- and ante iso-branched  fatty 

acid, bu t lack  o f  m yco lic  ac id  (K roppensted t, 1985). M ajor m enaquinones are M K -9 (H 6) and 

M K -9 (Hg). D N A  G + C  con ten t is in the range 69-78 m ol%  (G oodfellow , 1988; C ross e t  a l . ,  1994; 
C ollin  e t  a l . ,  1977).

S t r e p t o m y c e s  are ub iqu itous in nature. T heir ability  to colon ise the soil in greatly 
facilita ted  to g row th  as a  vegetative hyphal m ass w hich can  d ifferen tia te  into spores that assist in 
spread and persistence. T he spores are a sem i-dorm ant stage in the life cycle that can  survive in 

soil fo r long  periods. M oreover they are found in aquatic hab itats such  as lake, m ud, river 

sedim ent, m arine sed im en t and  forest. T hey also occur in estuarine env ironm en t such  as sandy 
sedim ent, in tertidal sed im en t and sedim ent sam ples collected  from  the eu tuarine environm ent at 
the m ou th  o f  stream  (G oodfellow  and  W illiam , 1983; Jensen  e t  a l . ,  1991; T akahashi and O m ura, 
2003). Soil fodder and com posts appear to be the prim ary reserv iors fo r S t r e p t o m y c e s  (Flow er 
and W illiam s, 1977).



A ntib io tics are secondary  m etabolites. M ost o f  them  are produced  from  m icroorgam ism s 
in the group o f  actinom ycètes. T hey have been extensively  stud ied  and have been  used in 
agricu ltu re, food, nu trition , and especially  m edical science (G oodfellow , 1988).

A ntib io tic  is a chem ical substance, produced by m icroorgan ism s, w h ich  has the capacity  
to inhibit the grow th  and  even  to destroy bacteria  and o ther m icroorgan ism  (W aksm an, 1953).

T he genus S t r e p t o m y c e s  w as found to produce m any groups o f  antib io tics such as 
am inoglycosides, m acro lides o r ansam ycins, p -lac tam  antib io tics, pep tides, glycopeptides, 
an thracyclines, te tracyclines, nucleosides, po lyenes, and qu in ines (O kam i and H otta, 1988).

The strains o f  S t r e p t o m y c e s  are valuab le because they produce m ost o f  com m ercial 

antib iotics. E xam ples include am photericin  B produced  by S t r e p t o m y c e s  n o d o s u s ,  tetracycline 
produced  by  S t r e p t o m y c e s  a u r e o f a c i e n s ,  ery th rom ycin  produced  by  S t r e p t o m y c e s  e r y t h r a e u s ,  

neom ycin  p roduced  by  S t r e p t o m y c e s  f r a d i a e ,  nystatin  produced  by S t r e p t o m y c e s  n o u r s e i  and 
streptom ycin  p roduced  by  S t r e p t o m y c e s  g r i s e u s  (Torto ta e t  a l . ,  1995). E xam ples o f  antim icrobial 
com pounds p roduced  by  S t r e p t o m y c e s  strains w ere show n in Table 2.1.

Table 2.1 Antimicrobial compounds from S tr e p to m y c e s  strains

1 .1 .2  A n t im ic r o b ia l  c o m p o u n d s  f r o m  S trep tom yces

C om pounds Strains A ctiv ity R eferences

A ctinom ycin  z ร . f r a d i a e G row th inh ib ition  o f  B .  s u b t i l i s L ackner e t  a l . ,

A T C C  6051 2000

A ntim ycins S t r e p t o m y c e s  sp. A ntifungal activ ity H osotani e t  a l . ,

SPA  10191 and 2005
SPA  8893

A rylom ycin  A  and  B S t r e p t o m y c e s  sp. A ntim icrobial ac tiv ity  against Schim ana e t  a l . ,

TU  6075 gram -positive bacteria 2002

B afilom ycin  B 1 and c  1 ร . h a l s t e d i i  K A ntifungal activity F randberge e t  a l . ,

122 2000

B agrem ycin  A  and B S t r e p t o m y c e s  sp. A ntim icrobial activ ity  against B ertasso e t  a l . ,

T U  4128 gram - positive bacteria  and fungi 2001
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T a b le  2 .1  A n t im ic r o b ia l  c o m p o u n d s  f r o m  S trep tom yces  s t r a in s  (c o n tin u e d )

C om pounds Strains A ctiv ity R eferences

C edam ycin  A  and  B S t r e p t o m y c e s  sp. 
T P -A 0 4 5 6

A ntim icrobial activ ity  against 
gram -positive and gram -negative 
bacteria  and fungi

Sasaki e t  a l . ,  

2001

C halocom ycin  B S t r e p t o m y c e s  sp. 
B 7064

A ntim icrobial activ ity  against 
gram -positive bacteria

A so lkar e t  a l . ,  

2002

D em ethyl m utactim ycins S t r e p t o m y c e s  sp. 

G W  60/1571
A ntim icrobial activ ity  against 
gram - positive bacteria

S peitling e t  a l . ,  

1998

5 ’ - a n d  7 ’- S t r e p t o m y c e s  sp. A ntim icrobial activ ity  against Sasaki e t  a l . ,

dem ethylnovob iocins TP- A 0556 gram -positive and gram -negative 
bacteria

2001

(£ )-4 -O xonon-2-eno ic
acid

ร . o l i v a c e u s G row th inhibition  o f  g ram ­

positive and gram -negative 
bacteria

B allin i and 

B osica, 1998

E nterocin S t r e p t o m y c e s  sp. 
B D -26T

A ntim icrobial activ ity  against 
gram -positive and gram -negative 
bacteria

S itachitta e t  a l . ,  

1996

Feigriso lide B ร . g r i s e u s Strong an tim icrob ial activ ity  and 

antiv iral activ ity

T ang  e t  a l . ,  2000

G eldanam ycin  and  17-0- 
dem ethylgeldanam ycin

ร . h y g r o s c o p i c u s A ntibacteria, A n titum or, and 
herbicide

G lasby, 1993

Istam ycins ร . t e n j i m a r i e n s i s  

SS-37
A ntim icrobial activ ity  against 
gram -positive and gram -negative 
bacteria  including am inoglycoside 
resistan t strains

H otta  e t  a l . ,  1980

K anchanam ycins ร . o l i v a c e u s  TU  

4081

A ntibacterial and antifungal 

especially  effective against 
P s e u d o m o n a s  f l u o r e s c e n s

F ied ler e t  a l . ,  

1996
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T a b le  2 .1  A n t im ic r o b ia l  c o m p o u n d s  f r o m  S trep tom yces  s t r a in s  (c o n tin u e d )

C om pounds Strains A ctiv ity R eferences

L actonam ycin 5. r i s h i r i e n s i s  

M J 773-88K 4
A ntim icrobial activ ity  against 

gram -positive bacteria  including 
M R SA  and vancom ycin-resistan t 
E n t e r o c o c c u s  (V R E )

M atsum oto e t  a l ,  

1999

L ydicam ycin ร . p l a t e n s i s  TP- 

A 0598
A ntim icrobial activ ity  against 
gram -positive bacteria  including 
M R SA

Furum ai e t  a l . ,  

2002

M acrolide TPU -0043 S t r e p t o m y c e s  sp. 
T P -A 0 6 2 5

A ntifungal activity Igarashi e t  a l . ,  

2005

M eroparam ycin S t r e p t o m y c e s  sp. 
M A R01

A ntim icrobial activ ity  against 
gram -positive and gram -negative 

bacteria and C a n d i d a  a l b i c a n s

N aggar e t  a l . ,  

2006

2- m ethylheptyl S t r e p t o m y c e s  sp. A ntim icrobial activ ity  against B ordolo i e t  a l . ,

isonico tinate 201 gram -positive and gram -negative 

bacteria  and fungi
2001

M ethy lsu lfom ycin  I S t r e p t o m y c e s  sp. 
HLI Y -9420704

A ntim icrobial activ ity  against 
gram -positive bacteria  including 
M R SA  and vancom ycin  and 
teicoplanin  resistan t strain

V ijaya, 1999

M idecam ycin ร . m y c a r o f a c i e n s A ntim icrobial activ ity  against 

gram -positive bacteria  and against 
L e g i o n e l l a  and C a m p y l o b a c t e r  sp.

H arold, 1983

4-pheny l-3-buteno ic acid ร . k o y a n g e n s i s  

V K -A 60
A ntifungal activ ity Lee e t  a l . ,  2005
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T a b le  2 .1  A n t im ic r o b ia l  c o m p o u n d s  f r o m  S trep tom yces  s t r a in s  (c o n tin u e d )

C om pounds Strains A ctiv ity R eferences

R esistoflav ine 5. c h i b a e n s i s  

A U B N 1/7
A ntim icrobial activ ity  against 
gram -positive and gram -negative 
bacteria  and po ten t cyto toxic 
against cell lines (G astric 

adenocarcinom a and H epatic 
carcinom a)

G orajana e t  a l . ,  

2006

R iprom ycin S t r e p t o m y c e s  sp. 
T U  6239

A ntim icrobial activ ity  against 

gram -positive bacteria  and 
cytostatic effects on various 
tum or cell lines

B ertasso e t  a l . ,  

2003

R S-22A , B and c  

(m acrolide an tib io tics)
ร . v i o l a c e u s n i g e r A ntim icrobial activ ity  against 

gram -positive bacteria  and  fungi
U bukata e t  a l . ,  

1995

SR B -22 po lyketide 
antib iotic

ร . p s a m m o t i c u s A ntim icrobial activ ity  against 

m eth icillin  resistant 
S t a p h y l o c o c c u s  a u r e u s

Sujatha e t  a l . ,  

2005

S pectinom ycin ,
A ctinospectin ,

D esertom ycin ,
Spectom ycin,
S treptovaricin,

S pectinabilin

ร . s p e c t a b i l i s A ntim icrobial activ ity  against 

N e i s s e r i a  g o n o r r h o e a  and 
especially  in trea tm en t o f  
pen icillin-resistant g o n o r r h e a ,  

and against gram -positive and 

gram -negative bacteria

Y u and Fan, 
1994; Ivanova, 

1997; S taley and 
R inehart, 1994; 
Spasova e t  a l . ,  

1997; K akinum a 

e t  a l . ,  1997

Spinam ycin ร . a l b o s p i n u s A ntitum or W ang e t  a l . ,  1996

S treptocid ins A -D S t r e p t o m y c e s  sp. 
T U  6071

A ntim icrobial activ ity  against 
gram -positive bacteria

G ebhardt e t  a l . ,  

1999
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T a b le  2 .1  A n t im ic r o b ia l  c o m p o u n d s  f r o m  S trep tom yces  s t r a in s  (c o n tin u e d )

C om pounds Strains A ctiv ity R eferences

Sw alpam ycin S t r e p t o m y c e s  sp. 
Y - 8 4 ,30967

A ntim icrobial activ ity  against 
gram -positive bacteria  including 
erythrom ycin  resistan t strains

F ranco e t  a l ,  

1987

T etrin  c S t r e p t o m y c e s  sp. 
G K  9244

A ntifungal activ ity  against 
M o r t i e r e l l a  r a m a n n i a n u s

R yu e t  a l . ,  1999

V inylam ycin S t r e p t o m y c e s  sp. 
M I 982-63F1

A ntim icrobial activ ity  against 
gram -positive bacteria  including 
M R SA

Igarashi e t  a l . ,  

1999

W atasem ycins A  and B S t r e p t o m y c e s  sp. 
TP-A 0597

A ntim icrobial ac tiv ity  against 
gram -positive and gram -negative 
bacteria  and yeast

Sasaki e t  a l . ,  

2002

Y atakem ycin S t r e p t o m y c e s  sp. 
T P-A 0356

A ntifungal activ ity Igarashi e t  a l . ,  

2003

Z elkovam ycin S t r e p t o m y c e s  sp. K  
96-0670

A ntim icrobial activ ity  against 
X a n t h o m o n a s  o r y z a e ,  

A c h o l e p l a s m a  l a i d l a w i i  and 

S t a p h y l o c o c c u s  a u r e u s

Z hang e t  a l . ,  

1999

1.2 Amycolatopsis
T he genus A m y c o l a t o p s i s  w as estab lished by L echevalier e t  a l . ,  (1986) and w as assigned 

to order A ctinom yceta les, fam ily Pseudonocard iaceae (Em bley e t  a l . ,  1988; W arw ick  e t  a l . ,  1994), 
w hich also  con tains the genera  A c t i n i b i s p o r a ,  A c t i n o p o l y s p o r a ,  K i b d e l o s p o r a n g i u m ,  P r a u s e r e l l a ,  

P s e u d o n o c a r d i a ,  S a c c h a r o m o n o s p o r a ,  S a c c h a r o p o l y s p o r a ,  T h e r m o c r i s p u m  (K im  and 
G oodfellow , 1999; L abeda and K roppenstedt, 2000). R ecently , increasing  in terest has been 
show n in A m y c o l a t o p s i s ,  as it contains that produce com m ercially  significan tly  bioactive 
com pounds. N ow adays A m y c o l a t o p s i s  contain  about 33 species nam ely  A m y c o l a t o p s i s  a l b a
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(M ertz and Y ao , 1993), A .  a l b i d o j l a v u s  (Lee and H ah, 2001), A .  a u s t r a l i e n s i s  (T an e t  a l ,  2006), A .  

a z u r e a  (H enssen  e t  a l ,  1987), A .  b a l h i m y c i n a  (W ink e t  a l ,  2003), A .  b e n z o a t i l y t i c a  (M ajum dar e t  

a h ,  2006), A .  c o l o r a d e n s i s  (Labeda,1995), A .  d e c a p l a n i n a  (W ink  e t  a l . ,  2004), A .  e u r y t h e r m a  

(K im  e t  a l . ,  2002), A .  f a s t i d i o s a  (H enssen e t  a h ,  1987), A .  h a l o t o l e r a n s  (Lee, 2006), A . j a p o n i c a  

(G oodfellow  e t  a l . ,  1997), A .  j e j u e n s i s  (Lee, 2006), A .  k e n t u c k y e n s i s  (L abeda e t  a l . ,  2003), A .  

k e r a t i n i p h i l a  (A lm usallam  e t  a l ,  2003), A .  l e x i n g t o n e n s i s  (L abeda e t  a l . ,  2003), A .  l u r i d a  

(L echevalier e t  a l . ,  1986), A .  m e d i t e r r a n e i  (L echevalier e t  a l . ,  1986), A .  m e t h a n o l i c a  (B oer e t  a l . ,  

1990), A .  m i n n e s o t e n s i s  (Lee e t  a l . ,  2006), A .  o r i e n t a l i s  (P ittenger and B righam , 1956), A .  

p a l a t o p h a r y n g i s  (H uang e t  a l . ,  2004), A .  p l u m e n s i s  (Saintp ierre  e t  a l ,  2005), A .  p r e t o r i e n s i s  

(L abeda e t  a l . ,  2003), A .  r i f a m y c i n i c a  (B ala e t  a h ,  2004), A .  r u b i d a  (H uang e t  a h ,  2001), A .  

r u g o s a  (M arco and S palla  1957), A .  s a c c h a r i  (G oodfellow  e t  a l . , 2001), A .  s u l p h u r e a  (Lechevalier 
e t  a l . ,  1986), A .  t a i w a n e n s i s  (T seng e t  a l . ,  2006), A .  t h e r m o f l a v a  (C hun e t  a l ,  1999), A .  

t o l y p o m y c i n a  (W ink  e t  a l . ,  2003), and H. v a n c o r e s m y c i n a  (W ink e t  a l . ,  2003).

1.2.1 Characteristics of A m y c o la to p s is

Morphological, cultural, physiological and biochemical characteristics:
M em bers o f  the genus A m y c o l a t o p s i s  produce branched, fragm enting  aerial and substrate 

m ycelium . A m y c o l a t o p s i s  strains able to form  aerial m ycelium  and spores that p roduced on 
d ifferen tia ted  hyphae, spores borne in chains and resem bling  S t r e p t o m y c e t e s  (G oodfellow  e t  a l . ,  

1 9 8 8 ) .  C olonies are co lorless o r yellow  to orange. S oluble p igm ent rare ly  form ed. T he grow th 

tem perature range is 1 0 -5 5  ° c  and the pH  range is 6 .0 - 9 .0  (C ross, 1 9 9 4 ) .

Chemotaxonomic characteristics:
The cell w alls o f  A m y c o l a t o p s i s  strains have been  found to con ta in  N - acety lg lucosam ine, 

N - acety l m uram ic acid  , a rabinose, galactose and m e s o - diam inopim elic  acid. P hospholipids 
pattern is phospho lip ids type II (L echevalier e t  a l . ,  1977). T he absence o f  m yco lic  acids. The 
predom inan t ce llu la r fatty  acid  profile are saturated  iso- and  an te iso-branched  fatty  acid. M ajor 

m enaquinones are M K -9 (H 4) w ith  a m inor am ount o f  M K -9 (H 2). D N A  G +C  content is in the 
range 66-73 m ol%  (L echevalier e t  a l . ,  1986). The d ifferen tia l characteristics o f  A m y c o l a t o p s i s  

species w ere show n in  T able 2.2.
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T a b le  2 .2  D i f f e r e n t ia l  c h a r a c t e r i s t i c s  o f  A m ycolatopsis  s p e c ie s

C h arac teristics 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

S olu b le  p ig m en t - - - + + + - - - - + - - + + + + + - + -

A cid  p ro d u ctio n

A rab inose + + + + - พ + + - + + + - + + + + + + + +

C ello b io se + + + + + + + + + + + + - + + + + + ND ND ND

D -G alac to se + + + + + พ + + + + + + + + + + + + ND ND +

m e s o -  Inosito l + + + + + - + + - + + - - - + + + + + + +

L actose พ + + + - - + + - + - + - + - + + + ND ND +

M altose - + + + + พ + + - + - + + - - + + + ND ND ND

D -(-)-M an ito l + + พ + + - + + + + + + + + - + + + + + ND

R affin ose - + - + พ + + - + - - - + + - - พ - + +

L -(+ )-R h am n o se + - - - - - - + + + + + - - - + + + + + +

D -(-)-S orb ito ! + - - - - - - พ + - - - + - + พ ND ND ND

D -(+ )-X y lo se ♦ + + + + + + + + + + - + + + + + ND

D eco m p o sitio n

C asein + + + + + + + + - + 4- + + + + + + + ND ND ND

G ela tin + + + + + - + + + + พ + + - + + + + ND ND ND

G ro w th  at

o ๐ o - - + + + + + + - + + - - - + - - - ND ND +

Oi o o

+ - - - - + - + - - + - + - - - - ND ND

G ro w th  in 5 % N a C l + - + + + - พ พ + พ + + - + พ ND + + ND ND +

Taxa:
1 A. eu ry th erm a  DSM 444348 T 9 A. m eth an o lica  IFO 15065 T 17 A. lex in g ton en sis  NRRL B - 24131
2 A. a lb a  DSM 44262 T 10 A. o r ien ta lis  NRRL 2450 T 18 A. p re to r ie n s is  NRRL B - 24133 T
3 A. a lb id o fla vu s  KCTC 947 r 11 A. ru u b ida  JCM 10871 T 19 A. to lypo n yc in a  DSM 44544 1
4 A. a zu rea  NRRL 11412 T 12 A. sa c ch a r i  DSM 44468 T 20 A. va n co resm ycin a  DSM 44592 T
5 A. co lo ra d en s is  NRRL 3218 T 13 A. su lph u red  DSM 46092 T 21 A. kera tin ip h ila  KCTC 19104T
6 A. fa s t id io s a  NRRL B - 16697 T 14 A. th erm oflava  IFO 14333 T + ,Positive พ , Weak reaction
7 A .ja p o n ic a  DSM 44213 T 15 A. rifa m yc in ica  DSM 46095 T -, Negative ND, No data
8 A. m ed ite r ra n e l  ATCC 13685 T 16 A. ken tu ch yen sis  NRRL B - 14129 T
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A m y c o l a t o p s i s  i s  o n e  o f  th e  im p o r t a n t  g e n e r a  in  th e  a n t ib io t i c s  i n d u s t r y .  I t  p r o d u c e s  s o m e  

o f  th e  m o s t  w i d e l y  u s e d  a n t i - i n f e c t i o u s  a g e n t s ,  s u c h  a s  r i f a m y c in ,  v a n c o m y c in .  A m o n g  th e m ,  

r i f a m y c i m  is  o n e  o f  th e  m a jo r  d r u g s  f o r  c l i n i c a l  t r e a t m e n t  o f  H I V - r e l a t e  t u b e r c u lo s i s ,  a n d  

v a n c o m y c in  is  c u r r e n t l y  c o n s id e r e d  a s  th e  la s t  l in e  o f  t h o s e  d e f e n s e  a g a in s t  s o m e  m ic r o o r g a n i s m s  

th a t  a r e  r e s i s t a n t  to  p -  l a c t a m  a n t ib io t i c s  ( Y a o  e t  a l . , 2 0 0 2 ) .  C o n s id e r a b l e  in t e r e s t  is  b e in g  s h o w n  

in  th e  g e n u s  A m y c o l a t o p s i s ,  a s  i t  c o n t a in s  m a n y  s t r a in s  th a t  a r e  th e  s o u r c e  o f  m a n y  b io a c t iv e  

c o m p o u n d s  a s  s h o w n  i n T a b l e  2 .3 .

1 .2 .2  A n t im ic r o b ia l  c o m p o u n d s  f r o m  A m ycola topsis

Table 2.3 Antimicrobial compounds from A m y c o la to p s is  strains

C o m p o u n d s S t r a in s A c t iv i ty R e f e r e n c e s

A m y th i a m ic in s A m y c o l a t o p s i s  s t r a in  

M I 4 8 1 - 4 2 F 4

A n t im ic r o b i a l  a c t i v i t y  a g a i n s t  g r a m ­

p o s i t i v e  b a c t e r i a  i n c l u d i n g  m u l t i - d r u g  

r e s i s t a n t  s t r a in s

S h im a n a k a  e t  

a l ,  1 9 9 4

A z ic e m ic in s  A A m y c o l a t o p s i s  s t r a in A n t im ic r o b i a l  a c t i v i t y  a g a i n s t  g r a m - T s u c h id a  e t  a l . ,

a n d  B M J 1 2 6 - N F 4 p o s i t i v e  b a c t e r i a  a n d  m y c o b a c t e r i u m 1 9 9 5

B a lh im y c in A . b a l h i m y c i n a A n t im ic r o b i a l  a c t i v i t y  a g a in s t  m e th i c i l l i n  

r e s i s t a n t  S t a p h y l o c o c c u s  a u r e u s  ( M R S A )

W in k  e t  a l . ,  

2 0 0 3

D e c a p la n in A . d e c a p l a n i n a A n t im ic r o b i a l  a c t i v i t y  a g a in s t  g r a m ­

p o s i t iv e  b a c t e r i a  in c lu d in g  e n t e r o c o c c i  

a n d  a g a in s t  m e t h i c i l l i n  r e s i s t a n t  

S t a p h y l o c o c c u s  a u r e u s  ( M R S A )

W in k  e t  a l . ,  

2 0 0 4

M J 3 4 7 - 8 1 F 4  A A m y c o l a t o p s i s  s t r a in A n t im ic r o b i a l  a c t i v i t y  a g a in s t  g r a m - S a s a k i  e t  a l . ,

a n d  B M J 3 4 7 - 8 1 F 4 p o s i t i v e  b a c t e r i a  a n d  a g a in s t  m e t h i c i l l i n  

r e s i s t a n t  S t a p h y l o c o c c u s  a u r e u s  ( M R S A )

1 9 9 8

N o g a b e c in A . k e r a t i n i p h i l a A n t im ic r o b i a l  a c t i v i t y  a g a in s t  m e th i c i l l i n  

r e s i s t a n t  S t a p h y l o c o c c u s  a u r e u s  ( M R S A )

W in k  e t  a l . ,  

2 0 0 3

R i f a m y c in A . m e d i t e r r a n e i A n t im ic r o b i a l  a c t i v i t y  a g a in s t  M .  

t u b e r c u l o s i s  a n d  M .  l e p r a e

M e j ia  e t  a l . ,  

1 9 9 7
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T a b le  2 .3  A n t im ic r o b ia l  c o m p o u n d s  f r o m  A m ycola topsis  s t r a in s  (C o n tin u e d )

C o m p o u n d s S t r a in s A c t iv i ty R e f e r e n c e s

T o ly p o m y c in A . t o l y p o m y c i n a A n t im ic r o b i a l  a c t i v i t y  a g a in s t  m e t h i c i l l i n  

r e s i s t a n t  S t a p h y l o c o c c u s  a u r e u s  ( M R S A )

W in k  e t  a l . ,  

2 0 0 3

V a n c o m y c in A . o r i e n t a l i s A n t im ic r o b i a l  a c t i v i t y  a g a in s t  g r a m ­

p o s i t iv e  b a c t e r i a  a n d  s o m e  

m ic r o o r g a n i s m s  th a t  a r e  r e s i s t a n t  to  (3- 

l a c t a m  a n t ib io t i c s

P i t t e n g e r  a n d  

B r ig h a m ,  1 9 5 6

V a n c o r e s m y c in A . v a n c o r e m y c i n a A n t im ic r o b i a l  a c t i v i t y  a g a in s t  g r a m ­

p o s i t iv e  b a c t e r i a  a n d  a g a in s t  v a n c o m y c in  

r e s i s t a n t  s t r a in s  l ik e  E n t e r o c o c c u s  sp .

H o p m a n n  e t  

a l . ,  2 0 0 2

1.3 K i t a s a t o s p o r a

T h e  g e n u s  K i t a s a t o s p o r a  w a s  p r o p o s e d  b y  O m u r a  e t  a l ,  in  1 9 8 2  f o r  a c t i n o m y c è te  s t r a in s  

( O m u r a  e t  a l . ,  1 9 8 2 ) ,  r e -  e s t a b l i s h e d  b y  Z h a n g  a n d  c o w o r k e r s  in  1 9 9 7 .  T h e  K i t a s a t o s p o r a  a r e  

g r a m -  p o s i t i v e  b a c t e r i a  in  t h e  f a m i ly  S t r e p to m y c e t a c e a e ,  o r d e r  A c t i n o m y c e t a l e s  ( Z a n g  e t  a l ,  

1 9 9 7 ) .  N o w a d a y s  K i t a s a t o s p o r a  c o n t a in  a b o u t  2 0  s p e c ie s  n a m e ly  K i t a s a t o s p o r a  a r b o r i p h i l a  

( G r o th  e t  a l ,  2 0 0 4 ) ,  K .  a z a t i c a  ( Z h a n g  e t  a l .  1 9 9 7 ) ,  K .  c h e e r i s a n e n s i s  ( C h u n g  e t  a l . ,  1 9 9 9 ) ,  K .  

c i n e r a c e a  ( T a j i m a  e t  a l . ,  2 0 0 1  ), K .  c o c h l e a t a  ( Z h a n g  e t  a l .  1 9 9 7 ) ,  K .  c y s t a r g i n e a  ( K u s a k a b e  

a n d  I s o n o ,  1 9 9 2  ) ,  K .  g a n s u e n s i s  ( G r o th  e t  a l . ,  2 0 0 4  ) , K  g r i s e o l a  ( T a k a h a s h i  e t  a l . ,  1 9 8 5  ) , K .  

k i f u n e n s i s  (  G r o t h  e t  a l . ,  2 0 0 3  ), K .  m e d i o c i d i c a  ( L a b e d a ,  1 9 8 8  ), K .  n i i g a t e n s i s  ( T a j im a  e t  a l . ,  

2 0 0 1  ), K .  n i p p o n e n s i s  ( G r o t h  e t  a l . ,  2 0 0 4  ) , K .  p a r a c o c h l e a t a  ( Z h a n g  e t  a l . ,  1 9 9 7  ), K .  p a r a n e n s i s  

( G r o th  e t  a l . ,  2 0 0 4 ) ,  K .  p h o s a l a c i n e a  ( T a k a h a s h i  e t  a l . ,  1 9 8 5 ) ,  K .  p u t t e r l i c k i a e  ( G r o th  e t  a l . ,  

2 0 0 3  ) , K .  s a m p l i e n s i s  ( M a y i l r a j  e t  a l . ,  2 0 0 6  ) , K .  s e t a e  ( M a y i l r a j  e t  a l . ,  2 0 0 6 ) ,  K .  t e r r e s t r i s  

( G r o th  e t  a l . ,  2 0 0 4  ) , K .  v i r i d i s  ( L iu  e t  a l . ,  2 0 0 5 ) .
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Morphological, cultural, physiological and biochemical characteristics:
T h e  K i t a s a t o s p o r a  s t r a in s  w e r e  p h e n o ty p i c a l l y  s i m i l a r  to  th e  S t r e p t o m y c e s  s t r a in s .T h e  

s u b s t r a t e  m y c e l i u m ,  a n d  th e  a e r i a l  m y c e l iu m  b e a r s  l o n g  s p o r e  c h a in s  c o n ta in in g  m o r e  t h a n  2 0  

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

t e m p e r a tu r e  r a n g e  is  1 5 - 4 2  °c  a n d  th e  p H  r a n g e  is  6 .5 - 8 .0  ( Z a n g  e t  a l ,  1 9 9 7 ) .

Chemotaxonomic characteristics:
T h e  c e l l  w a l l  o f  K i t a s a t o s p o r a  s t r a in s  h a v e  b e e n  f o u n d  to  c o n t a i n  N -  a c e ty lg lu c o s a m in e ,  

N -  a c e ty l  m u r a m ic  a c i d  , g ly c in e ,  g a la c to s e  a n d  m e s o  a n d  L L -  d i a m in o p im e l i c  a c id ,  d e p e n d in g  

o n  th e  ty p e  o f  c e l l s  a n a ly z e d .  W h e n  c e l l  a r e  g r o w n  o n  a g a r  m e d ia ,  t h e  a e r i a l  s p o r e s  c o n ta in  L L -  

D A P ,  w h e r e a s  t h e  s u b s t r a t e  m y c e l i u m  c o n ta in  m e s o - D A P .  W h e n  c e l l s  a r e  g r o w  in  l iq u id  m e d ia ,  

s u b m e r g e d  s p o r e s  a r e  f o r m e d ,  a n d  th e  s p o r e s  c o n ta in  L L - D A P  a n d  th e  f i l a m e n to u s  m y c e l i a  

c o n t a in  m e s o - D A P .  P h o s p h o l ip id s  p a t t e r n  is  p h o s p h o l ip id s  ty p e  I I  ( Z a n g  e t  a l ,  1 9 9 7 ) .  T h e  

p r e d o m in a n t  c e l l u l a r  f a t t y  a c id  p r o f i l e  a r e  s a tu r a t e d  i s o -  a n d  a n t e i s o - b r a n c h e d  f a t t y  a c id ,  b u t  l a c k  

o f  m y c o l i c  a c id  ( K r o p p e n s t e d t ,  1 9 8 5 ) .  M a jo r  m e n a q u in o n e s  a r e  M K - 9  ( H 6) a n d  M K - 9  (H g). D N A  

G + C  c o n te n t  i s  i n  th e  r a n g e  6 6 - 7 6  m o l%  ( Z a n g  e t  a l ,  1 9 9 7 )

T h e  g e n u s  K i t a s a t o s p o r a  c a n  b e  d i s t i n g u i s h e d  f r o m  th e  g e n u s  S t r e p t o m y c e s  b y  th e  r a t io  

o f  m e s o - D A P  to  L L - D A P  i n  w h o le  c e l l  h y d r o ly s a t e s .  T h e  m e s o - D A P  c o n te n t  i s  4 9  to  8 9  %  in  

K i t a s a t o s p o r a  s t r a in s  a n d  1 t o  1 6 %  in  S t r e p t o m y c e s  s t r a in s .  G a la c to s e  is  p r e s e n t  in  th e  w h o le - c e l l  

h y d r o ly s a t e s  o f  K i t a s a t o s p o r a  s t r a in s  b u t  n o t  in  t h e  w h o le -  c e l l  h y d r o l y s a t e s  o f  S t r e p t o m y c e s  

s t r a in s .  T h e  g e n u s  K i t a s a t o s p o r a  c a n  b e  r e a d i ly  d i s t i n g u i s h e d  f r o m  th e  g e n u s  S t r e p t o m y c e s  b y  

s p e c i f i c  n u c l e o t i d e  s i g n a t u r e s  in  th e  s e q u e n c e s  o f  1 6 S  r D N A .  ( O m u r a  e t  a l . ,  1 9 8 2 ; Z a n g  e t  a l . ,  

1 9 9 7 ; W e l l i n g t o n  e t  a l . ,  1 9 9 2 ) .  T h e  d i f f e r e n t i a l  c h a r a c t e r i s t i c s  o f  K i t a s a t o s p o r a  s p e c ie s  w e r e  

s h o w n  in  T a b le  2 .4 .

1.3 .1  C h a r a c t e r i s t i c s  o f  K itasa tospora



15

T a b le  2 .4  D i f f e r e n t ia l  c h a r a c te r i s t i c s  o f  K itasa tospora  s p e c ie s

C harac te ristic s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A eria l m y ce lia R R ร ร R R R ร R R R R R R R

M elan in  fo rm atio n - - + - - - - + - + + - - - +

N itra te  red u c tio n + + - - - - + + + + - - + - 4-

S tarch  h y d ro ly sis + + + + + + + + + - + + + + +

G elatin  liq u e fac tio n + - - - - - - - - + - N D N D + +

U tiliza tio n  o f  ca rb o h y d ra te

L -A rab in o se + + + - + + + - - - + + + - +

D -F ru c to se - + - - - + - + + + - - - + +

D -M an ito l - - - - - ND - - - - + - - - -

D -S ucrose - - - - - + - - - + + - - + +

D -X y lose + + - - + + + - + - + + + - +

G + C  co n ten t (m o l% ) 75.8 70.5 72.4 70.6 66.0 74.0 73.2 73.1 73.3 N D N D 73.7 73.5 N D N D

T axa: 1 K. c h e e r is a n e n s is  K C T C  2395 T 8 K. p a r a c o c h le a ta  IF O  14769

2 K. a z a t ic a  I FO  13803 T 9 K. p h o s a la c in e a  IFO  14372 1

3 K. c o c h ie a ta  IF O  14768 T 10 K. p u t te r l i c k ia e  D S M  4 4 6 6 5  1

4 K. c y s ta r g in e a  IF O  14836 T 11 K. k ifu n e s is  D S M  4 1 6 5 4  T

5 K. g r i s e o la  IF O  14371 T 12 K. c in e r a c e a  IF O  16452 T

6 K. m e d io c id ic a  IF O  14789 T 13 K. n iig a te n s is  IF O  16453 T

7 K. s e ta e  K M  - 6 0 5 4  T 14 K. n ip p o n e n s is  D S M  4 4 7 8 7  T

-, N eg a tiv e ; + ,P ositive ; N D , N o data  

R , R ec tiflex ib iles ; ร , S piral

15 K. te r r e s tr is  D SM  4 4 7 8 9  T
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T h e  d a t a  a b o u t  a n t i b io t i c s  p r o d u c e d  f r o m  K i t a s a t o s p o r a  s e e m  to  b e  a  l i t t l e  a m o u n t  w h e n  

c o m p a r e  w i th  th e  a n t i b i o t i c s  p r o d u c e d  f r o m  S t r e p t o m y c e s , i t  m a y  b e  t h a t  th e  s tu d y  in  th is  g e n u s  is  

s t i l l  l im i te d .  E x a m p le s  o f  a n t im ic r o b i a l  c o m p o u n d s  p r o d u c e d  b y  K i t a s a t o s p o r a  s t r a in s  w e r e  

s h o w n  in  T a b l e  2 .5 .

Table 2.5 Antimicrobial compounds from K ita s a to s p o r a  strains

1 .3 .2  A n t im ic r o b ia l  c o m p o u n d s  f r o m  K itasa tospora

C o m p o u n d s S t r a in s A c t iv i ty R e f e r e n c e s

B a f i l o m y c in K  c h e e r i s a n e n s i s A n t i f u n g a l  a c t iv i ty C h u n g  e t  a l . ,  1 9 9 9

C y s ta r g in K . c y s t a r g i n e a  R K -  

4 1 9

A n t i f u n g a l  a c t i v i t y K u s a k a b e  a n d  I s o n o ,  

1 9 8 8

K im o r e x in s K . k i m o r e x a e  9 0 - G T -  

3 0 2

A n t i f u n g a l  a c t iv i ty Y e o  e t  a l . ,  1 9 9 4

P h o s a la c in e K . p h o s a l a c i n e a  K A -  

3 3 8

H e r b i c id a l  a c t iv i ty T a k a h a s h i  e t  a l . ,  

1 9 8 4

S c h  7 2 5 4 2 4  a n d  S c h  

7 2 5 4 2 8  a n t ib io t i c s

K i t a s a t o s p o r a  sp . 

S P R I - 0 4 0 8

A n t im ic r o b i a l  a c t i v i t y  a g a in s t  

S t a p h y l o c o c c u s  a u r e u s  a n d  w e a k  

a n t i f u n g a l  a c t i v i t y  a g a in s t  

S a c c h a r o m y c e s  c e r e v i s i a e

Y a n g  e t  a l . ,  2 0 0 5

S e ta m y c in K . g r i s e o l a  A M - 9 6 6 0 A n t i f u n g a l  a c t iv i ty T a k a h a s h i  e t  a l . ,  

1 9 8 4

1.4 Fermentation
I n  th e  p r o d u c t i o n  o f  a n t i b io t i c  a c t i n o m y c è te  s t r a in s  a r e  u s u a l ly  c u l t i v a t e d  in  v a r io u s  

n a tu r a l  l i q u id  m e d i a  in  s h a k i n g  c o n d i t i o n  a t  1 8 0 -2 5 0  r p m  a t  2 7 - 2 8 ° C .  M o s t  m e d ia  c o n s i s t  o f  

c a r b o n  ( e .g .  g l y c e r o l ,  g lu c o s e ,  s t a r c h )  a n d  n i t r o g e n  ( e .g .  a m m o n i u m  s u lp h a t e ,  m e a t  e x t r a c t ,  

p e p to n e ,  s o y b e a n  m e a l )  s o u r c e s  in  c o m b in a t io n  w i th  i n o r g a n ic  p h o s p h a t e ,  c a t i o n s  s u c h  a s  C a ,  M g  

a n d  N a ,  o r  t r a c e  e l e m e n t s  l i k e  C o ,  C u ,  F e ,  M n  a n d  Z n .  S in c e  r e g u la to r y  m e c h a n i s m s  f o r  a n t ib io t i c
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p r o d u c t io n  a r e  s o  v a r i e d ,  n o  s in g l e  m e d iu m  c a n  b e  c h o s e n  f o r  th e  p r o d u c t io n  o f  a l l  ty p e s  o f  

a n t ib io t i c s .  I t  i s ,  t h e r e f o r e ,  p a r t i c a l  to  c u l t i v a t e  a c t i n o m y c è te s  s t r a in s  in  m e d ia  w i th  v a r ie d  

c o m p a r i s io n s  in  o r d e r  to  s c r e e n  f o r  d iv e r s e  a n t ib io t i c s  ( G o o d f e l l o w ,  1 9 8 8 ) .  E x a m p le  o f  

c o m p o s i t i o n  o f  m e d i a  a n d  c o n d i t i o n  f o r  a n t i b io t i c s  p r o d u c t io n  o f  S t r e p t o m y c e s ,  A m y c o l a t o p s i s ,  

a n d  K i t a s a t o s p o r a  s t r a in s  w e r e  s h o w n  in  T a b le  2 .6 .

Table 2.6 Composition of media and condition for antibiotics production of S tr e p to m y c e s ,  

A m y c o la to p s is , and K ita s a to s p o r a  strains

S tra in s A n tib io t ic s
M e d iu m

R e fe re n c e s
S e e d  m e d iu m P ro d u c t io n  m e d iu m

S t r e p t o m y c e s  sp . 

T u -6 0 7 1

S tre p to c id in s

A -D

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

C o n d it io n  : p H  7 .5 , 

2 7 ° c ,  120 rp m , 2 d a y s

M a n n i to l ,  s o y b e a n  m e a l 

C o n d it io n :  p H  7 .5 , 

2 7 ° c ,  120  rp m , 6 d a y s .

G e b h a rd t  e t  

a l ,  2001

S t r e p t o m y c e s  sp . 

R S P 9

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 l2 

C o n d it io n  : p H  7 .2 , 

2 8 ° c ,  2 0 0  rp m , 1 d a y

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

x y lo s e , M g C l2 

C o n d it io n  : p H  7 .2 , 

2 8 ° c ,  2 0 0  rp m , 4 -7 d a y s

G o n z a le z  e t  

a l . ,  2 0 0 2

ร . a v e r m e c t i n i u s A v e rm e c t in s G ly c e ro l ,  c e re lo s e , 

s ta rc h , b e e f  e x tra c t, 

a ra d a m in e ,

M g S 0 4.7 H 20 ,  K H 2P O 4, 

N a 2H P 0 4, C a C O j 

C o n d it io n  : p H  7 .0 , 

2 8 ° c ,  2 2 0  rp m , 2  d a y s

C e re lo s e , p e p to n iz e d  

m ilk  n u tr ie n t ,  a rd a m in e , 

p o ly g ly c o l  p  

C o n d it io n  : p H  7 .0 , 

2 8 ° c ,  2 2 0  rp m , 5 d a y s

B u rg  e t  a l . ,  

1979

ร. c h ib a e n s i s  

A U B N 1 -7

R e s is to f la v in e S o y b e a n  m e a l,  c o m  

s te e p  s o lid s , g lu c o s e , 

C a C O j

C o n d it io n  : p H  7 .0 , 

2 8 ° c ,  2 2 0  rp m ,2 d a y s

S o y b e a n  m e a l,  c o m  

s te e p  s o lid s ,  s o lu b le  

s ta rc h , g lu c o s e , C a C O j 

C o n d i t io n  ะ p H  7 .0 , 

2 8 ° c ,  2 2 0  rp m , 3 d a y s

G o ra ja n a  e t  

a l . ,  2 0 0 6
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Table 2.6 Composition of media and condition for antibiotics production of S t r e p t o m y c e s ,  

A m y c o l a t o p s i s ,  and K i t a s a t o s p o r a  strains ( C o n t in u e d )

S tra in s A n tib io t ic s
M e d iu m

R e fe re n c e s
S e e d  m e d iu m P ro d u c t io n  m e d iu m

S t r e p t o m y c e s  sp . M a c ro l id e S ta rc h , g lu c o s e , N Z - G lu c o s e , g ly c e ro l , Ig a ra s h i e t  a l . ,

T P - A 0 6 2 5 T P U -0 0 4 3 c a se , y e a s t  e x tra c t, s o lu b le  s ta rc h , 2 0 0 5

try p to n e , K 2H P 0 4, p h a rm a m e d ia  (p ro te in ) ,

M g S 0 4.7 H 20 ,  C a C O j y e a s t  e x tra c t ,  K H 2P O 4,

C o n d it io n  : p H  7 .0 , N a 2H P 0 4, H P -2 0  re s in

3 0 ° c ,  2 0 0  rp m , 4  d a y s C o n d it io n  ะ p H  7 .0 ,

3 0 ° c ,  2 0 0  rp m , 7 d a y s

A . m e d i t e e r a n e i R ifa m y c in  B S o y b e a n  m e a l,  C a C O j, G lu c o s e , S o y b e a n  m e a l, M e jia  e t  a l . ,

M g S 0 4.7 H 20 , (N H 4)2S 0 4, 1997

F e S 0 4.7 H 20 , M g S 0 4.7 H 20 ,  K .H P O ,,,

Z n S 0 4.7 H 20 , C a C O j,  C u S O 4.5 H 20,

C o C12.6 H 20 F e S 0 4.7 H 20 ,

C o n d it io n  ะ p H  7 .2 , Z n S 0 4.7 H 20 ,

2 5 ° c ,  2 5 0  rp m , 3 d a y s M n S O 4.7 H 20 ,

C o C l2.6 H 20 , M oO .

C o n d i t io n  ะ p H  7 .2 ,

2 5 ° c ,  2 5 0  rp m , 6 d a y s

A m y c o l a t o p s i s M J 3 4 7 -8 1 F 4  A G ly c e ro l ,  g a la c to s e , G ly c e ro l ,  g a la c to s e , S a s a k i  e t  a l . ,

s tra in  M J 3 4 7 - a n d  B d e x tr in , b a c to  s o y to n e , d e x tr in ,  b a c to  s o y to n e , 1998

8 1 F 4 c o m  s te e p  liq u o r, c o m  s te e p  l iq u o r ,

(N H 4) 2S 0 4, C a C O j (N H 4)2S 0 4, C a C O j

C o n d it io n  : p H  7 .0 , C o n d it io n  : p H  7 .0 ,

2 7 ° c ,  2 0 0  rp m , 4 d a y s 2 7 ° C ,2 0 0  rp m , 11 d a y s

K i ta s a t o s p o r a S c h  7 2 5 4 2 4 G lu c o s e , t r e h a lo se , P D -6 5 0  d e x tr in ,  p ro f lo Y a n g  e t  a l . ,

sp . S P R I-0 4 0 8 a n d  S c h try p to n e , so y f lo u r , f lo u r ,  c e re lo s e ,  C a C O j, 2 0 0 5

7 2 5 4 2 8 y e a s t  e x tra c t C o C l2

a n t ib io t ic s C o n d it io n  : p H  7 .2 , C o n d it io n  : p H  7 .2 ,

2 8 ° c ,  2 5 0  rp m , 4  d a y s 2 8 ° c ,  2 5 0  rp m , 4  d a y s
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