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Biochemica l  Markers  in the T a x o n o m y  of the Actinomycetales 

R. M. I<ROPPENSTEDT and H. J. I<UTZNER 1 

Deutsche S a m m l u n g  von Mikroorgan i smen ,  T e i l s a m m l u n g  Darms tad t ;  and Ins t i tu t  /iir Mikrobiologie der Technischen 
Hochschule, Schnit tspahnstrasse 9, D - 5 7  Darms tad t  (German Federal  Republic ,  B R D ) ,  75 October 7975. 

S u m m a r y .  Use fu l  b i o c h e m i c a l  m a r k e r s  for  t h e  c lass i f i ca t ion  of Act inomycetales  are :  1. DL- or  LL-d iaminopimel ic  acid 
in t h e  p e p t i d o g l y c a n ,  2. s u g a r  c o m p o s i t i o n  of p o l y s a c c h a r i d e s ,  3. f a t t y  acid  s p e c t r u m  of cell l ipids.  T h e  o c c u r r e n c e  of 
v a r i o u s  k i n d s  of  b r a n c h e d  f a t t y  ac ids  a n d  of u n s a t u r a t e d  f a t t y  ac ids  is of  spec ia l  Value. 

D u r i n g  t h e  l a s t  decade  s eve ra l  b i o c h e m i c a l  c r i t e r i a  
h a v e  f o u n d  a p p l i c a t i o n  in t h e  t a x o n o m y  of t h e  o r d e r  
Act inomycetales  ~-4. 1. O c c u r r e n c e  of lys ine  or  m e s o -  or  
LL-d iaminop imel ic  ac id  ( n A P )  in t h e  p e p t i d o g l y c a n  of 
t h e  cell wa l l ;  2. s u g a r  c o m p o s i t i o n  of p o l y s a c c h a r i d e s ;  
3. f a t t y  acid  s p e c t r u m  of cell l ipids.  T h e s e  b i o c h e m i c a l  
m a r k e r s  h a v e  b r o u g h t  c o n s i d e r a b l e  p rog re s s ,  e spec ia l ly  
w i t h  r e g a r d  to  t h e  r e c o g n i t i o n  of  t h o s e  g e n e r a  w h i c h  lack  
d i s t i n c t i v e  m o r p h o l o g i c a l  f ea tu res ,  i.e. Act inomyees ,  
Mycobacter ium,  Nocard ia  a n d  A ct inomadura.  F u r t h e r ,  
i n c r e a s i n g  k n o w l e d g e  of t h e s e  p r o p e r t i e s  wil l  i m p r o v e  o u r  
u n d e r s t a n d i n g  of  t h e  n a t u r a l  r e l a t i o n s h i p  a m o n g  t h e  
g e n e r a  of t h i s  b io log ica l ly  h e t e r o g e n o u s  b a c t e r i a l  order .  
S o m e  of t h e  m e t h o d s  h a v e  b e c o m e  r o u t i n e  in d i a g n o s t i c  
l a b o r a t o r i e s  5,6; h o w e v e r  t h e  d e t e r m i n a t i o n  of t h e  f a t t y  
acid  s p e c t r u m  r e q u i r e s  e q u i p m e n t  a n d  e x p e r i e n c e  in 
g a s c h r o m a t o g r a p h i c  w o r k  w h i c h  is n o t  as  w i d e s p r e a d .  I n  
t h i s  c o m m u n i c a t i o n ,  we  w i s h  to  r e p o r t  t h e  r e su l t s  of  o u r  
b i o c h e m i c a l  s t ud i e s  on  a se lec ted  n u m b e r  of  g e n e r a  a n d  
species  of  Actinomycetales .  Main  e m p h a s i s  w a s  laid u p o n  
t h e  f a t t y  ac id  s p e c t r u m .  

Mater ia ls  and methods. T h e  b i o c h e m i c a l  m a r k e r s  1. a n d  
2. m e n t i o n e d  above ,  we re  iden t i f i ed  b y  t h i n  l aye r  ch ro -  
m a t o g r a p h y  of a p p r o p r i a t e  who le  cell h y d r o l y z a t e s  5; t h e  
f a t t y  acid s p e c t r u m  w a s  d e t e r m i n e d  b y  gas  c h r o m a t o g r a -  
p h y  a f t e r  t r a n s e s t e r i f i c a t i o n  w i t h  methanol-BC137-9.  T h e  
i n s t r u m e n t  u sed  w a s  a H e w l e t t - P a c k a r d  m o d e l  5 700 A, 

due l - f l ame  ion i za t i on  gas  c h r o m a t o g r a p h .  T h e  c o l u m n s  
(180 •  cm) were  p a c k e d  w i t h  15% d i e thy l eneg lyco l -  
s u c c i n a t e  on  C h r o m o s o r b  W A W D N C S  80/100. T h e  2 
c h r o m a t o g r a m s  s h o w n  in t h e  F i g u r e  d e m o n s t r a t e  t he  
e f f ic iency  of t h e  m e t h o d ,  as  well  as  t h e  d i f fe rence  b e t w e e n  
Nocardia  a n d  Streptomyces.  T h e  p e a k s  were  iden t i f i ed  b y  
c o m p a r i s o n  w i t h  a k n o w n  m i x t u r e  of  e s t e r s  o b t a i n e d  f r o m  
E.  Merck  ( D a r m s t a d t )  a n d  Science L a b o r a t o r i e s  (Serva ,  
He ide lbe rg ) .  A de ta i l ed  d e s c r i p t i o n  of t h e  m e t h o d s  em-  
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Biochemical characters of genera of Actinomycetales 

Genus No. of No. of DAP Sugars Fatty acids 
species strains 

Ara Gal Mad Xyl sat iso 10 unsat 
a-iso meth 

1. Actinomyces 3 4 -- --  (v) -- --  + -- -- 

2. Mycobacterium 4 13 DL + + -- --  + -- ~- 

3. Nocardia 6 12 DL + + -- --  + -- + 
4. Micropolyspora 1 1 DL + + -- -- + -- + 

5. Streptomyces 9 10 LL . . . .  • -~- -- 
6. Streptoverticillium 2 2 LL . . . .  + + -- 
7. Microellobos.poria 3 3 LL . . . .  + + -- 

8. Actinoptanes 1 1 DL + + -- + + + -- 
9. Amorphosporangium 1 1 DL + + -- + + + -- 

10. Planobispora 1 1 DL -- (v) + -- -~- ~- ~- 
11. Streptosporangium 1 2 DL ~ -- (V) + -- + + + 

12. Micromonospora 2 2 DL ~ V -- -- + + + + 

13. Thermoaetinomyees 1 2 DL -- (v) -- -- + + -- 

14. Saccharomonospora 1 1 DL + + -- -- + + _ 
15. Microbispora 2 2 DL - -  V + -- + + + 
16. 'Noeardia autotrophica' 1 14 DL + + -- -- + + + 
17. Actinomadura (a) madura-Typ 1 3 DL -- V + -- + + + 

(b) dassonvillei-Typ I 1 DL . . . .  + + -r 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

"Contains in addition hydroxy-DAP. - DAP, diaminopimelic acid; Ara, arabinose; Gal, galactose; Mad, madurose; Xyl, xylose; sat, 
saturated; iso, iso branched; a-iso, anteiso branched; 10 meth, 10 methyl branched; unsat, unsaturated. 
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ployed,  as well  as t he  cha r ac t e r i z a t i on  of all  a c t i n o m y c e t e s  
of our  col lect ion wh ich  h a v e  b e e n  inves t iga ted ,  will be  
p r e sen t ed  elsewhere.  

Results and discussion. T he  resu l t s  o b t a i n e d  w i t h  62 
s t r a in s  of 41 species and  16 genera  of Actinomycetales are 
l i s ted  in t he  Table .  Fo r  t he  purpose  of classif icat ion,  i t  
suffices to  ind ica te  t h e  presence  or absence  of a ce r t a in  
class of f a t t y  acids. F u r t h e r ,  on ly  f a t t y  acids w i t h  more  

Det. Signal Nocardia corollino 
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MS:0 of-15:0 
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10 2'0 3'0 i (mini 
Gaschromatographic resolution of fatty acid esters from Nocardia 
corallina and Streptomyces rimosus. (Parameters: Inj. port: 250~ 
oven: 155 ~ detector 300 ~ carrier gas N~: 30 Ilfl/min; hydrogen: 
30 ml/min; air 240 ml/min; sample 1 [zl.) 

t h a n  2% of t o t a l  acids were cons idered  (for q u a n t i t a t i v e  
d a t a  of t he  i nd iv idua l  acids, see t he  f o r t h c o m i n g  pub l i ca -  
t ion) .  The  D A P  separa tes  t he  Streptomycetaceae (Table,  
No. 5, 6 a n d  7) w i t h  LL-DAP f rom all  o t h e r  Actinomy- 
cetales, m o s t  of w h i c h  c o n t a i n  n L - D A P ;  in Actinomyces 
t h e  D A P  of t h e  p e p t i d o g l y c a n  is rep laced  b y  lysine.  
N u m e r o u s  a c t i n o m y c e t e s  w i t h  DL-DAP can  be  di f feren-  
t i a t e d  b y  t he i r  sugar  a n d  or f a t t y  acid spec t rum.  However ,  
Mycobacterium a n d  t he  Nocardiaceae (No. 3 a n d  4) 
e x h i b i t  b o t h  t h e  sugar  t y p e  A w i t h  a rab inose  a n d  galac-  
rose a n d  t he  same f a t t y  acid spec t rum.  These  o rgan i sms  
can  be  d i f f e ren t i a t ed  b y  t he i r  mycol ic  acid t y p e  10,11. As 
a l r eady  shown  in t he  ea r ly  s tudies3,  4 t he  occur rence  
of xylose and  m a d u r o s e  (sugar  t y p e  D a n d  B respect ively)  
are  of d iagnos t ic  value .  Here  we w a n t  to  add  to  these  well- 
k n o w n  fea tu res  t h e  f a t t y  acid spec t rum.  If  on ly  t h e  4 
classes of acids 1. s a t u r a t e d ,  2. iso- a n d  an t e i sob ranched ,  
3. 10 -methy l  a n d  4. u n s a t u r a t e d ,  are  t a k e n  in to  consider-  
a t ion ,  t h e  fol lowing p a t t e r n s  emerge :  1. + --  -- + : Ac- 
tinomyces, 2. + -- + +  : Mycobacterium, Nocardiaceae, 
3. + +  -- -- : Streptomycetaceae, Actinoplanes, Amor- 
phosporangium, Thermoactinomyces, Saccharomonospora, 
4. + + + -- : Planobispora, Streptosporangium, Micro- 
monospora, Microbispora, a n d  5. + + + + :  Aetino- 
madura. The  d i s t r i b u t i o n  of these  p a t t e r n s  shows t h a t  
v a r i a t i o n  exis ts  in  some of t h e  p r e sen t  famil ies :  Ac t ino-  
p l anaceae  a n d  T h e r m o m o n o s p o r a c e a e .  The  3 b iochemica l  
m a r k e r s  discussed in th i s  paper ,  as well  as t he  d i s t r i b u t i o n  
of mycol ic  acids of va r ious  t ypes  a m o n g  A ctinomyce- 
tales ~~ will be  of g r ea t  he lp  to  t h e  a c t i n o m y c e t e  
t a x o n o m i s t .  
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Emericid*, a New Polyether Antibiotic from Streptomyces hygroscopicus (DS 24 367) 
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Summary. Emer i c id  is a new p01yether  polycycl ic  ionophore  an t ib io t i c  excre ted  b y  Streptomyces hygroscopicus (DS 
24 367). Ac t ive  in v i t ro  aga i n s t  G r a m - p o s i t i v e  bac te r ia ,  i t  is ineffect ive  in vivo.  A t  a 0 .006-0 .02% level  in t h e  d ie t  i t  
p ro t ec t s  ch ickens  a n d  r a b b i t s  aga ins t  coccidiosis. 

R e c e n t  research  on  t h e  p r o d u c t i o n  of a n t i m i c r o b i a l  
agen t s  b y  mic roo rgan i sms  h a v e  led to  t h e  d i scove ry  of 
emer ic id  (31 559 R.P.) ,  a new an t ib io t i c  i so la ted  f rom the  
cu l tu re  b r o t h s  of Slreptomyces hygroscopicus D S  24 367. 

The  s t ra in ,  w h i c h  was i so la ted  f rom a sample  of soil 
col lected a b r o a d  a n d  selected b y  classical  t e s t s  of an t i -  
biosis 1, exh ib i t s  all  t i le m a i n  morpholog ica l  a n d  b iochemi-  
cal  f ea tu res  of t he  species Streptorayces hygroscopicus, 
as descr ibed  b y  severa l  a u t h o r s  2, ~. I t  is s to red  as a d r y  
spores  and  s ter i le  soil m ix tu re .  

Emer i c id  is p roduced  b y  s u b m e r g e d  cu l tu re  as follows : 
t h e  s t r a i n  is f i rs t  g rown f rom t he  spores  on  BENNETT'S 
aga r  m e d i u m  4 ill t e s t  t ubes  for  15 days  a t  26~ A sui t -  
able  i n o c u l u m  is o b t a i n e d  b y  successive t r ans fe r s  of t h e  
t u b e  cu l tu re ;  f i rs t  i n to  250 ml  of a l iqu id  m e d i u m  /corn- 

pos i t ion  in  g/ l :  yeas t  e x t r a c t  15, a n h y d r o u s  glucose 10, 
aga r  2) in  a 2 1 f lask  i n c u b a t e d  for  48 h a t  260C on a 
r o t a r y  shaker ,  t h e n  in to  40 1 of a n o t h e r  m e d i u m  (in g/ l :  
p e p t o n e  10, yeas t  e x t r a c t  5, glucose m o n o h y d r a t e  10, 
aga r  2, p H  before  s te r i l i za t ion  7,3) c o n t a i n e d  in a s t i r red  
and  ae r a t ed  75 1 f e r m e n t e r .  Af te r  25 h a t  27 ~ t h i s  l a s t  

* From a recent paper by N. OTAKE (Tetrahedron Lett. 1970, 4147) 
emericid and lonomycin would be identical. 
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