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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  
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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 .  

10 1Vf. P. LECt~EVALIER, A. C. HogAN and H. A. LECHEVALIER, J. 
Bact. 705, 313 (1971). 

11 D. E. )]~INNIKIN, J. ALSHAI~iAONY and lVf. GOODFELLOW, J. gen. 
lX{ierobiol. 88, 200 (1975). 
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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. 

1 S. A. WAKSMAN, Microbial Antagonisms and Antibiotic Substances 
(The Commonnwealth Fund, New York 1954). 

2 H. D. TRESNER and E. J. BACI4:US, Appl. Microbioi. 4, 243 (1956). 
S. A. WAKSMAN, The Actinomyces II  (The Williams aad Wilkin~ 
Company, Baltimore 1961), p. 230, 
See% p. 331, 
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culture is poured as a whole into a 800 1 fermenter con- 
taining 400 1 of the following production medium (i'ii g/l) : 
dried kidney beans 25, distillers' solubles 5, glucose mono- 
hydrate (separately sterilized) 10, glycerine 15, sodium 
chloride 3, hydrated cobalt chloride 0,02, pH before 
sterilization being 7,5. The culture is aerated, stirred and 
kept at 27 ~ The production of emericid reaches 500 Fg/ 
ml at 120 h. 

Practically the whole antibiotic is retained by the 
mycelium. The cell mass, collected by filtration at pH 3 
of the broth including Clarcel DIC (CD) as an adjuvant, 
is dispersed into 300 1 of methanol at pH i0. After 
filtration, the organic solution is reduced to 4% of its 

initial volume by distillation under low pressure. By this 
way, a crude product containing 80% of the sodium salt 
of emericid is precipitated. 

Sodium salt of pure emericid is obtained 'by dissolving 
the crude product in acetone, dimethylformamide or 
methanol and diluting with water. I t  is a fine colourless 
crystalline solid, m.p. 220~ with decomposition (KOFF- 
LER); [C~]~) ~ = -/51, 2 ~ 4- 1,0 ~ (C = I in methanol). I t  is 
practically insoluble in water, sparingly soluble in n- 
hexane, soluble in alcohols, ketones, dimethylformamide 
and ethylacetate, easily soluble in chlorinated solvents. 
There is no UV-absorption peak as far as 210 nm. The 
IR-spectrum (KBr pellet) is given in the Figure 1. 

Fig. 1. IR-absorption-spectrum of emerieid (IZBr pellet). 

Fig. 2. 13C NMR-speetrum of emericid. 
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Bacteriostatic activity of Emericid 

Test organism Minimum 
inhibitory 
concentration 
([zg/ml) 

Staphylococcus aureus (straiu 2,09 P, ATCC 6 538 P) 0.8 
Staphylococcus aureus (strain Smith) 2.5 
Sarcina lutea (ATCC 9341) 1.9 
Streptococcus faecalis (ATCC 8043) 0.5 
Streptococcus pyogenes hemolyticus (strain Dig 7, 

Institut Pasteur) 0.8 
Diplococcus pneumoniae (strain Til, Institut Pasteur) 0.2 
Neisseria catarrhalis (A 152, Institut Pasteur) 50 
Bacillus subtilis (ATCC 6633) 0.8 
Bacillus cereus (ATCC 6630) 0.5 
Mycobacterium species (ATCC 607) 25 
Escherichia colt (ATCC 9637) > 150 
Shigella dysenteriae (Shiga L, Institut Pasteur) > 150 
Salmonella paratyphi A (strain Laeasse, Institut 

Pasteur > 150 
Salmonella schottmuelIeri (paratyphi 13 ; strain 

Fougene, Institut Pasteur) > 150 
Proteus vulgaris > 150 
Pseudomo~as aeruginosa (strain Bass, Institut 

Pasteur > 150 

E l e m e n t a l  compos i t i on :  C 63.2%, H 8.8%, O 24.3%, 
N a  2.9% is in  a g r e e m e n t  w i t h  t he  h y p o t h e t i c  molecu la r  
fo rmula  C44H~5014 N a ;  m.W.  : 851.06; n e u t r a l  e q u i v a l e n t  
w i t h  perchlor ic  acid in  acet ic  acid:  840. 

Accord ing  to i ts  phTfsicochemical proper t ies ,  m a i n l y  
t he  pecu l ia r  so lub i l i ty  of i t s  sod ium salt ,  emeric id  seems 
to be long  to t he  f ami ly  of ionophore  cyclic po lye thersK 
As a m a t t e r  of fact ,  p r o t o n  a n d  13 C N M R - s p e c t r o m e t r y  
(Figure 2) has  shown  t h a t  emer i c id  owns t he  same  cha in  
of cyclic po lye the r s  as n iger ie in  6 and  gr isor ix in  7 w i t h  on ly  
m i n o r  differences for  t h e  s ide - subs t i tuen t s .  Moreover ,  
a t t e m p t s  to  i den t i fy  emer ic id  w i t h  some o the r  p r o d u c t s  
of t he  family,  especial ly  a lbor ix ine  s, d i a n e m y c i n  9, 
lasalocid 10, lysocel l in 11, m o n e n s i n  1~-, A 20418, A 28 695 A 
and  B 14, b y  t h i n  l ayer  c h r o m a t o g r a p h y  h a v e  been  un-  
successful (condi t ions :  spo t  100 ~g in m e t h y l e n e  chlor ide  
on  a Silicagel Merck  F 254 p l a t e ;  deve lop  w i t h  t he  l igh t  
phas is  of a cyc lohexane ,  e thy lace t a t e ,  w a t e r  a n d  b u t a n o l  
50-50-25-5 m i x t u r e ;  s p r a y  w i t h  a van i l l in  3 g, m e t h a n o l  
100 ml  a n d  c o n c e n t r a t e d  sulfuric  acid 0,5 ml  r e agen t  and  
h e a t  a t  105 ~ Fina l ly ,  t he  un iqueness  of t h i s  c o m p o u n d  
was s u b s t a n t i a t e d  b y  m e a n s  of X - r a y  - c rys t a l l og raphy  

of t h e  s i lver  salt ,  u n r a v e l i n g  i ts  s t r u c t u r a l  f o rmu la  as 
shown  b y  F igure  315. 

The  LDa0 of emer ic id  is 150 m g / k g  for t h e  chicken,  w i t h  
a single p.o. a d m i n i s t r a t i o n .  

The  bac t e r i o s t a t i c  a c t i v i t y  of emer ic id  aga in s t  some 
mic roo rgan i sms  is s h o w n  in t he  Table .  The  m i n i m u m  
i n h i b i t o r y  c o n c e n t r a t i o n  d e t e r m i n a t i o n s  were car r ied  o u t  
b y  t he  d i lu t ion  m e t h o d  in a p p r o p r i a t e  m e d i u m  for  each  
o rgan i sm a n d  a f te r  i n c u b a t i o n  for 18 h a t  37 ~ Emer i c id  
is on ly  ac t ive  in v i t ro  aga ins t  g ram-pos i t i ve  b a c t e r i a  a n d  
p rac t i ca l ly  i nac t ive  aga ins t  a n y  o t h e r  t y p e  of bac te r ia ,  
yeas t s  a n d  fungi.  I n  vivo,  emer ic id  is i nac t i ve  aga ins t  
s t aphy lococca l  a n d  pneumococca l  in fec t ions  of mice  b y  
t he  oral  or s.c. route .  

As p rev ious ly  shown  ~*, emer ic id  is an  exce l len t  coccid- 
i o s t a t  in  ch ickens ;  mixed  w i t h  t he  feed a t  0 .006-0 .02% 
levels accord ing  to  t he  in fec t ing  species of E imer ia ,  i t  
suppresses  m o r t a l i t y  a n d  i n t e s t i n a l  lesions, reduces  
oocys ts  exc re t ion  a n d  allows a n o r m a l  g r o w t h  of t he  
in fec ted  b i rds  ; t he re  is no  emergence  of r e s i s t a n t  E i m e r i a  
s t r a i n  d u r i n g  t h e  t r e a t m e n t .  S imi lar  resu l t s  h a v e  been  
o b t a i n e d  in r abb i t s .  

I n  conclusion,  emer ic id  is a new ionophore  polycycl ic  
po lye ther ,  ac t ive  in v i t ro  aga in s t  g ram-pos i t i ve  b a c t e r i a  
b u t  devoid  of a n y  in v ivo  a n t i b a c t e r i a l  ac t iv i ty .  I t s  m a i n  
in t e r e s t  lies in  t h e  e rad ica t ion  of coccidiosis in  ch ickens  
a n d  r a b b i t s  a t  t he  0 .006-0 .02% level  in  t h e  diet .  
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Summary .  D i b u t y r i l  c A M P  a n d  t h e  c P D E - i n h i b i t o r  t heophy l l i ne  b o t h  e n h a n c e  t he  p h a g o c y t o t i c  a c t i v i t y  of Tetra- 
hymena. Theophy l l i ne  a n d  c A M P - a c t i v a t i n g  h i s t a m i n e  are synergis t ic .  I t  follows t h a t  t h e  cAMP-adeny lcyc l a se  s y s t e m  
func t ions  in  t he  unice l lu la r  a n i m a l  Tetrahymena.  

Cer ta in  fo rms  of h o r m o n a l  r egu la t ion  h a v e  b e e n  s h o w n  
to  be  ope ra t i ve  in un ice l lu la r  organisms,  a l t h o u g h  t h e y  
are seeming ly  of l i t t l e  consequence  a t  t h i s  s tage of phy lo -  
genesis. E p i n e p h r i n e  1,~ and  se ro ton in  a h a v e  been  s h o w n  
to be  p r e s e n t  in  Tetrahymena a t  c h a n g i n g  concen t r a t i ons ,  
d e p e n d i n g  on  t he  func t iona l  s tage  of t h e  p ro tozoon .  Also, 
Tetrahymena was found  to  r e s pond  to  ce r t a in  h o r m o n e s  
n o t  p r e sen t  in  i t  a n d  n o t  e n c o u n t e r e d  b y  i t  u n d e r  n a t u r a l  

condi t ions .  H i s t a m i n e  ~ p roduced  a cons iderab le  increase  
in t he  p h a g o c y t o t i c  a c t i v i t y  of t he  p ro tozoon ,  whereas  

1 j .  j .  BLuM, Proc. natn. Aead. Sci., USA 58, 81 (1967). 
2 D. L. HILL, The Biochemistry and Physiology o/ Tetrahymena 

(Academic Press, New York 1972). 
3 j .  JANAKIVEDI, J. C. DEVEY and W. KIDDER, J. biol. Chem. 2d7, 

2576 (1966). 
4 G. CSABA and T. LANTOS~ Cytobiologie 7, 361 (1973). 


