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except ion of serum No. 6 which gave non-specific precipi- 
ta t ion  (Figure 1). The results read before and after  stain- 
ing were always in agreement .  

R I E O P  revealed far  more details. Apar t  f rom the  
a l ready recorded precip i ta t ion  of rabbi t  hype r immune  
serum, also h u m a n  sera Nos. 2, 4, 5, 6, 7 gave posi t ive  
react ion and some of t hem showed even 2 lines of precipi-  
t a t ion  (Figure 2). The results of R I E O P  were always 
unequivocal  and enabled easy different iat ion from non- 
specific precipi ta t ion seen in counterelectrophoresis .  
However ,  i t  was not  unt i l  7th day of exposi t ion tha t  
every  detai l  of the  test  could be identified. I t  seems to be 
the  main  d rawback  of the  method,  in comparison wi th  
counterelectrophoresis  which is completed  wi th in  1-2 h, 
and which is much  less expensive.  

We th ink  tha t  counterelectrophoresis ,  such as recent ly  
described by D~SPOM~IER et a l )  will be most  suitable for 
rapid and large-scale apptication~ while R I E O P  will 
remain  on invaluable  diagnost ic  tool  in some selected 
cases being ex t remely  sensit ive and specific. In  our hands 

the  me thod  proved to be at  least  as sensi t ive as I H A  and 
I F A  tests detect ing microprecipi ta tes  no t  discernible to 
the  naked eye. 

Zusammen/assung. Serum Trichinella-spiralis-infizier- 
ter  Menschen wurde mit te ls  Radio immunoelek t ro-Osmo-  
phorese (RIEOP)  bet Verwendung yon mi t  r ad ioak t ivem 
]od  gezeichnetem Ant igen untersucht .  Die R I E O P -  
Technik  erwies sich als mindestens  so empfindl ich  wie die 
passive Haemagglu t ina t ions reak t ion  und die I m m u n o -  
fluorescenz. 
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F l a m b a m y c i n ,  a N e w  Antibiot ic  f r o m  Streptomyces hygroscopicus DS 23 230 

In  the  course of a s tudy  on the  produc t ion  of anti-  
microbial  agents by microorganisms,  a new antibiotic,  
f l ambamycin  (also known as 21 190 IRP), was discovered 
in the cul ture  broths  of Streptomyces hygroscopicus 
DS 23230. 

The s train w~s isolated f rom a sample  of soil collected 
in Great  Br i ta in  and its ant ib iot ic  proper t ies  were 
demons t ra ted  by  classical methods  ~. I t  exhibi ts  all the  
main morphological  and biochemical  characteris t ics  of 
the species Streptomyces hygrosc@icus, as described by  
TR~SNER and BACKUS ~ and WA~S~AN ~, especial ly the  
t igh t  spiral sporophores and their  clustered insert ion 
upon the  main  f i lament ,  the  dark  grey colour of the  
normal ly  sporulated mycel ium,  and also in ageing 
cultures the  produc t ion  of dark pa tches  and of an exuda te  
on the  surface of the colonies on agar  medium.  

Streptomyces hygroscopicus DS 23230 thr ives  on aer- 
a ted and st irred media  while producing the  antibiotic,  The  
prepara t ion  of a substant ial  q u a n t i t y  of f l ambamycin  is 

carr ied out  as follows: the  strain, s tored as a spore-soil  
mixture ,  is grown in tes t  tubes on PRIDEn~'S s tarch plus 
minerals  agar  med ium ~ for 15 days a t  26~ I t  is brought  
to a sui table  s ta te  of deve lopment  by  2 successive trans-  
fers, first  into 250 ml  of l iquid med ium (composit ion in 
g/ l :  hydra t ed  glucose 10, peptone  10, mea t  ex t rac t  5) 
in a 2 1 flask, incuba ted  for 48 h at  26~ on a ro ta ry  
shaker, then  into 40 1 of the  same med ium in a 75 1 fer- 

i S. A. WA~CS,~IAN, Microbial antagonisms and antibiotic substances 
(The Commonwealth Fund, New York 1945). 

2 H. D. TRI~SNER and E. J. BAcKus, Appl. Mierobiol. 4, 243 (1956). 
S. A. WAgSMAN, The Actinomyces I I  (The Williams and Wilkins 
Company, Baltimore 1961), p. 23. 

4 T. G, PRIDblAM, P, AND~RSON~ C. ~OLEY~ g. A. LINDENFELSER, 
C. W. HESSELTINE and R. G. BENEDICT, Antibiotics A. 7956/f957, 
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Fig. 1 IR-absorption-spectrum of flambamycin (KBr pellet). 
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m e n t e r  in wh ich  the  cu l tu re  is a g i t a t e d  and  ae r a t ed  for  
30 h a t  26 ~ The  f ina l  cu l tu re  is o b t a i n e d  b y  seeding t he  
p rev ious  cu l tu re  as a whole  in to  a 800 1 s ta in less  s teel  
f e r m e n t e r  c o n t a i n i n g  400 1 of t h e  fol lowing m e d i u m  
(in g/l):  s o y b e a n  mea l  15, d is t i l lers '  solubles  25, glucose 
m o n o h y d r a t e  20, ca lc ium c a r b o n a t e  5, a m m o n i u m  sul- 
p h a t e  2, h y d r a t e d  coba l t  chlor ide  0.02. The  cu l tu re  is 
ag i t a t ed ,  a e r a t ed  a n d  k e p t  a t  26~ 2 f u r t h e r  a d d i t i o n s  
of glucose each  of 2 g/1 are m a d e  a f t e r  24 a n d  48 h. The  
p r o d u c t i o n  of f l a m b y m a c i n  reaches  i ts  p e a k  a f t e r  60 h a t  
a b o u t  300 ag/ml .  

Most  of t he  a n t i b i o t i c  is in  t he  b r o t h  f i l t ra te .  The  cell 
mass  is r e m o v e d  b y  f i l t r a t i o n  a t  p H  7 w i t h  a f i l t r a t i on  
a d j u v a n t ,  Clarcel  Dic (CD). F l a m b a m y c i n  is t h e n  
e x t r a c t e d  f rom the  f i l t r a t e  b y  a n  equa l  v o l u m e  of e thyI  
ace t a t e  w i t h o u t  c h a n g i n g  t he  pH.  The  organic  layer  is 
s e p a r a t e d  and  c o n c e n t r a t e d  to 1/100 t h  of i ts  vo lume  
b y  d i s t i l l a t ion  u n d e r  r educed  pressure  and  w i t h  progress ive  
a d d i t i o n  of bu t ano l .  T he  b u t a n o l  so lu t ion  is a l lowed to 

Table I. Chromatographic comparison of antibiotics 

Substances Rf 

Avilamycin 0.54 
Curamycin 0.50 
Fiambamycin 0.32 

Conditions: Silieagel Merck No. 7 731 plate, activated at 130~ 
for 2 h; 25 ~xg spots in 25 V1 of a chloroform-methanol mixture 
(50:50 v/v); development at 20~ in a tank equilibrated with a 
chloroform-methanol (92-8) mixture; drying of the plate; the anti- 
biotic activity is located autobiographically on agar medium plate 
seeded with Bacillus subtilis or colorimetrically by spraying the 
plate with concentrated sulphuric acid and heating for 10 min at 
110 ~ 

s t a n d  a t  4~ for 16 h, wh ich  causes  t he  p r ec ip i t a t i on  of a 
c rude  p r o d u c t  c o n t a i n i n g  a b o u t  70% of t he  an t ib io t i c .  

F l a m b a m y c i n  is c rys ta l l i sed  u n d e r  n i t rogen  f rom 
acetone,  m e t h a n o l  or e thanol ,  a f te r  t r e a t i n g  t he  ho t  
so lu t ion  w i t h  Darco  G 60 ac t ive  charcoal .  The  an t ib io t i c  
m a y  also be c rys ta l l i sed  b y  d issolv ing t he  crude  p r o d u c t  in  
py r id ine  or d i m e t h y l f o r m a m i d e  a n d  p rec ip i t a t i ng  b y  
d i lu t ion  w i t h  water .  I t  yields a f ine colourless c rys ta l l ine  
solid, m.p .  226-228 (Kofler) ;  [ct]~ ~ = - -11.4  ~ ~ 0.4 ~ 
(c = I in  chloroform).  I t  is soluble in chloroform,  d i m e t h y l -  
f o r m a m i d e  and  pyr id ine ,  m o d e r a t e l y  soluble  in  water ,  
ace tone  and  e thanol ,  spa r ing ly  soluble  in n -hexane .  

. . . .  = 288 n m  (E 1%/1  cm = 12) (ethanol) .  The  I R -  
s p e c t r u m  ( K B r  pellet)  is g iven  in t h e  Figure.  

E l e m e n t a l  compos i t i on ;  C 50 .5%;  H 6 .6%;  O 38 .4%;  
C1 4.5% agrees w i t h  t he  h y p o t h e t i c a l  molecu la r  fo rmula  
C61HgoC1203a. The  molecu la r  we igh t  (1454) is in  good 
a g r e e m e n t  w i t h  t he  acid e q u i v a l e n t  (1400) t i t r a t e d  in 
d i m e t h y l f o r m a m i d e  w i t h  t e t r a b u t y l a m m o n i u m  hydrox ide .  

F r o m  its phys i cochemica l  and  a n t i b a c t e r i a l  proper t ies ,  
f l a m b a m y c i n  is v e r y  s imi la r  to  3 o the r  an t ib io t i c s  
a v i l a m y c i n  5, c u r a m y c i n  6, and  e v e r n i n o m y c i n L  I t  is 
readi ly ,  however ,  d i f f e ren t i a t ed  f rom t h e  la t te r ,  wh ich  
con ta ins  n i t rogen  in i ts  molecule,  a n d  f rom t h e  2 fo rmer  
c o m p o u n d s  b y  t h i n  l ayer  c h r o m a t o g r a p h y  as s h o w n  b y  t he  
RI  va lues  in  Tab le  I. 

S t r u c t u r a l  s tud ies  car r ied  ou t  by  W. D. OLLIS, C. 
SMITH and  D. E. WRIGHT s showed  t h a t ,  b y  acid h y d r o -  
lysis, f l a m b a m y c i n  yields  4-O-dichloroisoeverninyl-2-  
desoxy-D- rhamnose  (curacin),  2, 6 - 0 - d i m e t h y l - D - m a n n o s e  
(curamicose)  and  4-0-methyl -D-fucose .  All  these  corn- 

O. L. GALS~ARINI and V. DEULOFEU, Tetrahedron 75, 76 (1961). 
7 H. L. HERZOG, E. MESECK, S. DELORENZO, A. IV[URAWSKI, W. 

CHARNEY and J. p. ROSSELET, AppI. Microbiol. 73, 515 (1965). 
s W. D. OLLIS, C. SMITH and D. E. WRIGHT, J. chem. Soe., in press 

(1974). 

Table II. Bacteriostatic activity of flambamycin 

Test organism Minimum inhibitory concentration (~zg/ml) 

S~aphylococcus aureus (strain 209 P -ATCC 6 538 P) 
Staphylococcus aureus (strain 133, Institut Pasteur) 
Staphylococcus aureus (strain Smith) 
Sareina lutea (ATCC 9 341) 
Streptococcus [aecalis (ATCC 9 790) 
Streptococcus viridans (Institut Pasteur) 
Streplocoecus pyogenes hemolyticus (strain Dig 7, Institut Pasteur) 
Diplococcus pneumoniae (strain Til, Institut Pasteur) 
Neisseria catarrhalis (A 152, Institut Pasteur) 
Neisseria meningitidis (5 813, hlstitut Pasteur) 
Neisseria gonorrhoeae (A 50, Institut Pasteur) 
Bacillus subtilis (ATCC 6 633) 
Bacillus cereus (ATCC 6 630) 
Mycobacterium species (ATCC 607) 
Escherichia coli (ATCC 9 637) 
Shigelta dysenteriae (Shiga L, Institut Pasteur) 
Salmonella paratyphi A (strain Lacasse, Institut Pasteur) 
Salmonella schottmuelleri (paratyphi B; strain Fougene, Institut Pasteur) 
Proteus vulgaris 
Klebsiella pneumoniae (ATCC 10 031) 
Pseudomonas aeruginosa (strain Bass, Institut Pasteur) 
Brucella bronehiseptica (CN 387, Welleome Institute) 
Pasteurella multocida (A 125, Institut Pasteur) 
Myeoplas*/~a gallisepticum (A 514, Institut Pasteur) 

0.85 
1.1 
1.2 
0.2 
2 

15 
0.25 
0.1 
1.25 
0.6 
1.25 

15 
9 

>150  
> 150 
>150 
>150  
>150 
>150  
>150  
>150 

35 
0.2 
3 
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p o n e n t s  h a v e  b e e n  found  in av i l amyc in ,  cu ramyc in ,  a n d  
eve rn inomyc in ,  w h i c h  conf i rms  t h e  close r e l a t ionsh ip  
be tween  those  4 an t ib io t i c s  9. 

F l a m b a m y c i n  exh ib i t s  a v e r y  low toxic i ty .  The  
aqueous  suspens ion  is p rac t i ca l ly  non- tox ic  ora l ly  in  the  
mouse  and  i ts  LD~0 is 2,500 m g / k g  b y  t he  s.c. route .  

The  bac t e r i o s t a t i c  a c t i v i t y  of f l a m b a m y c i n  aga ins t  
some o rgan i sms  is shown  in Tab le  I I .  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  (MIC) d e t e r m i n a t i o n s  were 
car r ied  ou t  b y  t he  d i lu t ion  m e t h o d  in the  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~ F l a m b a m y c i n  is m a i n l y  ac t ive  in v i t ro  aga ins t  
g ram-pos i t i ve  or g r a m - n e g a t i v e  cocci a n d  some g ram-  
pos i t ive  bacilli .  I t  is p rac t i ca l ly  i nac t i ve  aga ins t  g ram-  
nega t ive  bacilli ,  yeas t s  and  f i l amen tous  fungi.  

I n  v ivo  i t  r e t a i n s  i ts  a c t i v i t y  aga ins t  t he  o rgan i sms  
a l r eady  shown to be  sens i t ive  in  v i t ro .  I t  t he re fo re  has  an  
excel lent  t h e r a p e u t i c  a c t i v i t y  in  mice  infec ted  experi-  
m e n t a l l y  w i t h  s taphylococcus ,  s t r ep tococcus  a n d  m e n i n -  

Table III. Curative doses of flambamyein in the mouse~ 

Infecting organism CDso 
(mg/kg/day) 

Staphylococcus aureus (strain Smith) 13 
Streptococcus pyogenes hemolyticus (strain Dig 7) 18 
Neisseria meningitidis (strain IP 5 813) 2 

gococcus. However ,  as shown  in Tab le  I I I ,  f l a m b a m y c i n  
is ac t ive  on ly  b y  t h e  s.c. route ,  s ince i t  is n o t  a s s imi l a t ed  
t h r o u g h  t he  i n t e s t i n a l  t r ac t .  

G iven  b y  t h e  s.c. route ,  f l a m b a m y c i n  is i nac t ive  aga ins t  
severa l  a n i m a l  pa ras i t i c  in fec t ions :  e.g. ch ickens  infec ted  
w i t h  Eimeria tenella or Plasmodium gallinaceum and  
mice in fec ted  w i t h  Plasmodium berghei. 

I n  conclusion,  f l a m b a m y c i n ,  a new m e m b e r  of t he  
he te ros id ic  an t ib io t i c s  de r ived  f rom dich loro isoevern in ic  
acid, exh ib i t s  in  v i t ro  exce l len t  a c t i v i t y  aga ins t  g ram-  
pos i t ive  or g r a m - n e g a t i v e  cocci. The  same  a c t i v i t y  is 
found  in v ivo  w h e n  t he  an t ib io t i c  is g iven  paren te ra l ly .  

Rdsumd. L a  f l ambamyc ine ,  n o u v e l  a n t i b i o t i q u e  p r o d u i t  
p a r  Streptomyces hygroscopicus D S  23 230, est  u n  h6t6ro-  
side d o n t  l ' ag lycone  est  l ' ac ide  d ich loro iso6vern in ique ,  
p r 6 c f d e m m e n t  mis  en 6vidence  dans  l ' av i l amyc ine ,  la 
c u r a m y c i n e  et  l ' 6ve rn inomyc ine .  T a n t  in  v i t ro  q u ' i n  v ivo  
elle inh ibe  f o r t e m e n t  la croissance des cocci g ram-pos i t f f s  
ou -n6gatifs,  mats  t h 6 r a p e u t i q u e m e n t  elle n ' e s t  u t i l i sab le  
que  p a r  la vote  pa ren t6 ra le .  

L. NINET, F. BENAZET, Y. CHARPENTIE, M. DUBOST, 
J. FLORENT, J. LUNEL, D. ~V[ANCY and  
J. PREuD'HOMME 

Laboratoires de Recherches de la Socidtd des Usines 
Rhdne-Poulenc, 9, quai Jules Guesde, 
F-94400 Vitry-sur-Seine (France), 20 May 7974. 

a s.c. route for 2 days. 9 V. DEULOFEU and E. G. GRos, An. Quire. Farm. 68, 789 (1972). 

I n  v i t r o  a n d  i n  v i v o  I n h i b i t o r y  A c t i o n  of  2 - A m i n o - 4 , 6 - D i c h l o r o p y r i m i d i n e  o n  P o l i o  

a n d  H e r p e s  V i r u s  

2-Amino-4 ,6 -d ich lo ropyr imid ine  (Py 11) p r e v e n t s  the  
g r o w t h  of po l iov i rus  in  aminoac id - f ree  m ed i um,  b y  
i m p a i r i n g  t he  a s sembly  of v i rus  R N A  a n d  p ro te ins  i n to  
comple te  par t ic les  1. Due  to t he  a n t a g o n i s m  exer ted  b y  
g l u t a m i n e  and  cys te ine  ~ P y  11 has  been  found  to be  
scarcely  act ive,  in  comple te  m ed i um ,  on pol iovi rus  a n d  
o the r  unre la t ed ,  v i r a l  agents ,  wh ich  requi re  comple te  
m e d i u m  for growth.  D a t a  here in  referred to  show t h a t  
P y  11 is able  to  i n h i b i t  t he  g r o w t h  of b o t h  polio a n d  
Herpes simplex vi rus  in  comple te ,  g l u t a m i n e  a n d  cys te ine  
con ta in ing  med ium,  p rov ided  t h a t  m e r c a p t o e t h a n o l a m i n e  
is also p re sen t  in t h a t  m ed i um .  Ev idence  is also g iven  t h a t  

c o m b i n e d  t r e a t m e n t  w i t h  P y  11 a n d  m e r c a p t o e t h a n o l -  
a m i n e  ha s  a p r o t e c t i v e  effect  aga ins t  he rpes  kerat i t~s in 
r abb i t s .  

Material and methods. Colchicine (Simes);  fl me rcap to -  
e t h a n o l a m i n e  IIC1 (Sigma) ; 2-amino-4,  6-d ichloropyr imi-  
d ine  (Py  11, I s t i t u t o  Chemio te rap ico  I t a l i ano) ;  5-fluoro- 

1 M. A. MARCIALIS, M. L. SCHIVO, P. UCCHEDDU, A. GARZlA and 
B. LODDO, Experientia 29, 1442 (1973). 
M. A. MARClALIS, M. L. SCHIVO, A. ATZENI, A. GARZIA and B. 
LODDO, Experientia 29, 1559 (1973). 

Table I, Potentiating effect of non-inhibitory doses of mercaptoethanolamine on the antiviral action of Py 11 in HEp 2 cell cultures 

CuIture medium Drugs in the medium (~g/ml) Virus yield at 24 h (input : 10 infectious units/cell) 

Polio Herpes Vaccinia 

AFE 
AFE Py 11 30 
MEM 
MEM Py ii 90 
MEM Mercapt. 30 
MEM Mercapt. 15 
MEM Py ii 30 

+ Mercapt. 15 

2.6 x 10 ~ -- -- 
3•  104 -- -- 

3.4 • 107 1.2 • 107 1.5 • 10 ~ 
7.8 x 10 ~ 9.5 • 10 ~ 8.6 • 10 s 
2.1 • l0 T 8.9 • 106 1.2 • l0 T 
1.6 x 107 1.3 • 107 2.1 • 10 ~ 

6.6 x i0 ~ I.I X 105 6.2 • 106 


