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This  i n v e n t i o n   r e l a t e s   to  new  a n t i b i o t i c s   produced  b y  

a  new  spec i e s   of  Nocard ia ,   d e s i g n a t e d   Nocardia   a r g e n t i n e n s i s   Huang 

sp.  nov. ,   when  s u b j e c t e d   to  a e rob i c   submerged  f e r m e n t a t i o n .  

The  search   for  new  a n t i b i o t i c s   produced  by  so i l   m i c r o -  

organisms  has  encompassed  the  s c r e e n i n g   of  v a r i o u s   genera   of  b a c t e r i a ,  

and  fungi   i n c l u d i n g   many  s p e c i e s   w i t h i n   each  genus  and  many  s t r a i n s  

w i th in   each  s p e c i e s .  

Among  the  m i c r o - o r g a n i s m s   t h a t   have  r e c e i v e d   somewhat  

l e s s   a t t e n t i o n   than  o t h e r s   are  those   t h a t   belong  to  the  g e n u s  

Nocard ia .   This  genus  has  the  narrow  hyphae  of  the  A c t i n o m y c e t a l e s  

and  is  c h a r a c t e r i s e d   by  f r a g m e n t a r y   s u b s t r a t e   mycelium.  The  g e n e r i c  

i d e n t i t y   may  be  f u r t h e r   suppor ted   by  a  c e l l   wall  of  type  IV  a s  

d e s c r i b e d   by  H.  A.  L e c h e v a l i e r   and  M.  P.  L e c h e v a l i e r ,   "A  C r i t i c a l  

E v a l u a t i o n   of  the  Genera  of  Aerobic   Ac t inomyce t e s ,   pages  3 9 3 - 4 0 5 ,  

in "The  A c t i n o m y c e t a l e s "  ( 1 9 7 0 ) ,   e d i t e d   by  H.  P r ause r   and  p u b l i s h e d  

by  F i s c h e r ,   Jena.   This  genus  is  f u r t h e r   c h a r a c t e r i s e d   by  a  w h o l e -  

c e l l   sugar  p a t t e r n   of  type  A  as  d e s c r i b e d   by  M.  P.  L e c h e v a l i e r ,  

" I d e n t i f i c a t i o n   of  Aerobic  Ac t inomyce tes   of  C l i n i c a l   Impor tance ,   
" 

J.  Lab.  Cl in .   Med.,  71(6) ,   934-944  ( 1 9 6 8 ) .  

T h i s  i n v e n t i o n   p r o v i d e s   new  a n t i b i o t i c s ,   p a r t i c u l a r l y   t h o s e  

d e s i g n a t e d   Compounds  47,444,   47,985  and  48,039,   which  are  p r o d u c e d  

under  submerged  ae rob ic   f e r m e n t a t i o n   c o n d i t i o n s   by  N o c a r d i a  

a r g e n t i n e n s i s   Huang  sp.  nov.  ATCC  31306 .  

The  m ic ro -o rgan i sm  u s e f u l   for  the  p r e p a r a t i o n   of  the  a n t i -  

b i o t i c s   of  t h i s   i n v e n t i o n   was  i s o l a t e d   from  a  s o i l   sample  f rom 

A r g e n t i n a .  



This  c u l t u r e   ( P f i z e r   F.D.  25952),  d e s i g n a t e d   Nocardia   a r g e n t i n e n s i s  

Huang  sp.  nov.  was  d e p o s i t e d   in  the  American  Type  C u l t u r e   C o l l e c t i o n  

R o c k v i l l e ,   as  the  type  c u l t u r e   on  5th  Ju ly ,   1977,  u n d e r  

t h e i r   a c c e s s i o n   number  ATCC  31306 .  

The  c u l t u r e   was  p l a n t e d   from  a  5 - d a y - o l d - s l a n t   i n t o  

l i q u i d   ATCC  No.  172  medium  (American  Type  Cu l tu re   Ca ta logue ,   1 0 t h  

E d i t i o n ,   p  235,  1972)  and  grown  for  3  days  at  28°C  on  a  shaker .   I t  

was  then  homogenised  for  30  seconds  in  a  b l e n d e r ,   c e n t r i f u g e d   f o r  

20  minu tes ,   washed  th ree   t imes  with  s t e r i l e   d i s t i l l e d   water   and  

p l a n t e d   on  media  commonly  used  for  i d e n t i f i c a t i o n   of  m e m b e r s - o f  

the  A c t i n o m y c e t a l e s .  

The  i n o c u l a t e d   media  were  i n c u b a t e d   at  28 C  and  r e c o r d s  

of  r e s u l t s   were  made  a f t e r   s u i t a b l e   i n c u b a t i o n   time  with  most  f i n a l  

r e s u l t s   r eco rded   at  a  pe r iod   of  13  days.   The  co lou r s   were  d e s -  

c r i bed   in  common  t e r m i n o l o g y ,   but   exac t   co lou r   was  de t e rmined   b y  

comparison  with  co lour   chips   from  the  Colour  Harmon, Manual,  f o u r t h  

e d i t i o n .   About  20  grams  of  washed,  a u t o c l a v e d   mycelium  of  t h e  

c u l t u r e   were  used  for  c e l l   wall  a n a l y s e s .  

I d e n t i f i c a t i o n   media  used  for  the  c h a r a c t e r i s a t i o n   of  t h e  

c u l t u r e   and  r e f e r e n c e s   for  t h e i r   c o m p o s i t i o n   are  as  f o l l o w s :  

1.  Tryptone   Yeast  E x t r a c t   Broth  (ISP  1  medium,  D i f c o ) .  

2.  Yeast  E x t r a c t  -   Malt  E x t r a c t   Agar  (ISP  2  medium,  D i f c o ) .  

3.  Oatmeal  Agar  (ISP  3,  medium,  D i f c o ) .  

4.  I n o r g a n i c   S a l t s  -   S ta rch   Agar  (ISP  4  medium,  D i f c o ) .  

5.  G l y c e r o l  -   Aspa rag ine   Agar  (ISP  5  medium,  D i f c o ) .  



6.  P e p t o n e  -   Yeast  E x t r a c t   I ron  Agar  (ISP  6  medium  D i f c o ) .  

7.  Tyros ine   Agar  (ISP  7  medium,  D i f c o ) .  

8.  G e l a t i n  -   R.  E.  Gordon  and  J.  M.  Mihm,  J . .   Bact.   7 3 : 1 5 - 2 7 ,  

1957.  

9.  S t a r c h  -   I b i d .  

10.  Organic  N i t r a t e   B r o t h  -   I b i d .  

11.  Dextrose   N i t r a t e   B r o t h  -   S.  A.  Waksman,  The  A c t i n o m y c e t e s ,  

Vol.  2,  medium  no.  1,  p.  328,  1961,  with  3  g  d e x t r o s e  

s u b s t i t u t e d   for  30  g  suc rose   and  agar  o m i t t e d .  

12.  Pota to   Ca r ro t   Agar  -   M.  P.  L e c h e v a l i e r ,   J  .   Lab.  and  C l i n i c a l  

Med.  71 :934-944 ,   1968  but   use  only  30  g  p o t a t o e s ,   2.5  c a r r o t s  

and  20  g  a g a r .  

13.  2%  Tap  Water  A g a r .  

14.  Czapek-Sucrose   Aga r  -   S.  A.  Waksman,  The  Ac t inomyce t e s ,   V o l . 2  

medium  no.  1,  p.  328,  1961.  

15.  Glucose  Aspa rag ine   Agar  -   Ib id ,   medium  no.  2,  p.  3 2 8 .  

16.  Glucose  Y e a s t  E x t r a c t   Agar  -   Ib id ,   medium  no.  29,  p  3 3 1 .  

17.  Emerson 's   Agar  -   Bid,  medium  no.  28,  p.  3 3 1 .  

18.  N u t r i e n t   Agar  -   Ib id ,   medium  no.  14,  p.  3 3 0 .  

19.  Pota to   Dext rose   Agar  -   J.  N.  Couch,  J . .   E l i s h a   M i t c h e l l   S o c .  

79:53-70,   1963 .  

20.  Gordon  and  Smi th  -   Tyros ine   Agar  -   R.  E.  Gordon  and  M.  M.  Smi th  
J.  Bact.   69:147-150,   1955.  

21.  Casein  Agar  -   I b i d .  

22.  Calcium  Malate  Agar  -   S.  A.  Waksman,  Bact.   Rev.  21:1-29 ,   1957.  

23.  Skim  Mi lk  -   D i f c o .  



24.  C e l l u l o s e   u t i l i s a t i o n  -  

(a)  H.  L.  Jensen,   Proc.  Linn.  Soc.  N.S.W.  55 :231-248 ,   1930 

(b)  M.  Levine  and  H.  W.  S c h o e n l e i n ,   A  Compi l a t i on   of  C u l t u r e  

Media,  medium  2511,  1930.  

25.  C a r b o h y d r a t e s  -   G.  M.  Luedemann  and  B.  C.  Brodsky,  A n t i -  

m i c r o b i a l   Agents  and  Chemotherapy,   1964:47,   1965 .  

26.  Tempera ture   Range -   ATCC  medium  172  in  ATCC  C u l t u r e   C o l l e c t i o n  

Ca ta logue ,   12th  e d i t i o n ,   p.  329,  1976 .  

The  c u l t u r e ,   Nocardia   a r g e n t i n e n s i s   Huang  sp.  nov. ,   was 

d e s c r i b e d   as  fo l lows   as  on  the  v a r i o u s   c u l t u r e   m e d i a :  

Yeast   E x t r a c t - M a l t   E x t r a c t   Agar  -   Growth  good,  white   but  pa le   o r a n g e  

(4  ga)  near  ends  of  s t r e a k ,   smooth  to  w r i n k l e d ,   with  whi te   a e r i a l  

mycelium;  r e v e r s e   pa le   orange  (3  ga);  no  s o l u b l e   p i g m e n t .  

Oatmeal  Agar  -   Growth  moderate   to  good,  whi te ,   t h i n ,   smooth,  w i t h  

white  a e r i a l   mycelium;  r e v e r s e   c o l o u r l e s s ;   no  s o l u b l e   p i g m e n t .  

I n o r g a n i c   S a l t s - S t a r c h   Agar  -   Growth  poor  to  modera te ,   whi te ,   t h i n ,  

smooth,  with  scant   whi te   a e r i a l   mycelium;  r e v e r s e   c o l o u r l e s s ;   no 

s o l u b l e   p i g m e n t .  

G l y c e r o l - A s p a r a g i n e   Agar  -   Growth  modera te ,   whi te ,   t h i n ,   smoo th ,  

with  white   a e r i a l   mycelium;  r e v e r s e   pa le   orange  (3  ea);   no  s o l u b l e  

p i g m e n t .  

G e l a t i n  -   Growth  good,  whi te ,   s l i g h t l y   r a i s e d ,   smooth,  with  w h i t e  

a e r i a l   mycelium;  r e v e r s e   y e l l o w i s h   orange  (3  i a ) ;   no  s o l u b l e  

p i g m e n t .  

S t a r c h  -   Growth  good,  whi te ,   s l i g h t l y   r a i s e d ,   smooth,  with  w h i t e  

a e r i a l   mycelium;  r e v e r s e   pale   y e l l o w i s h   (3  ga);   no  s o l u b l e   p i g m e n t .  



Po ta to   Car ro t   Agar  -   Growth  modera te ,   white   with  pa le   orange  t i n t  

(near  3  ca),   t h i n ,   smooth;  r e v e r s e   pa le   orange  (3  ea  to  3  ga);  no 

s o l u b l e   p i g m e n t .  

Tap  Water  Agar  -   Growth  poor,   whi te ,   t h in ,   smooth,  with  scan t   w h i t e  

a e r i a l   mycelium;  r e v e r s e   c o l o u r l e s s   to  very   pa le   orange  (3  c a ) ;  

no  s o l u b l e   p i g m e n t .  

Czapek-SUcrose   Agar  -   Growth  poor  to  modera te ,   whi te ,   t h in ,   smoo th ,  

with  white  a e r i a l   mycelium;  r e v e r s e   pa le   o r a n g e  ( 3   ca);   no  s o l u b l e  

p i g m e n t .  

Glucose  A s p a r a g i n e  A g a r  -   Growth  good,  white   with  small  orange   d o t s  

(4  ea),   s l i g h t l y   r a i s e d   and  roughened,   with  white   a e r i a l   m y c e l i u m ;  

r e v e r s e   y e l l o w i s h   o range   (3  ga);  no  s o l u b l e   p i g m e n t .  

G l u c o s e - Y e a s t   E x t r a c t   Agar  -   Growth  good,  whi te   but   orange  (4  ga)  a t  

ends  of  s t r e a k ,   r a i s e d ,   wr ink led ;   r e v e r s e   orange  (4  l a ) ;   p a l e  

y e l l o w i s h   s o l u b l e   p i g m e n t .  

Emerson 's   Agar  -   Growth  good,  orange  (4  ea  to  4  i a ) ,   r a i s e d ,   w r i n k l e d  

with  sho r t   white   a e r i a l   mycelium;  r e v e r s e   orange   (4  l a ) ;   no  s o l u b l e  

p i g m e n t .  

N u t r i e n t   Agar  -   Growth  modera te ,   whi te ,   t h i n ,   smooth,  with  w h i t e  

a e r i a l   mycelium;  r e v e r s e   pa le   orange  (3  ea);   no  s o l u b l e   p i g m e n t .  

Pota to   Dext rose   Agar  -   Growth  good,  white   with  y e l l o w i s h   orange   d o t s  

(3  ga  to  3  i a ) ,   r a i s e d ,   s l i g h t l y   roughened  with  whi te   a e r i a l   myce l ium;  

r e v e r s e   y e l l o w i s h   orange  (3  i a ) ;   no  s o l u b l e   p i g m e n t .  

Gordon  and  Smith'   Tyros ine   Agar  -   Growth  modera te   to  good,  w h i t e  

with  very  pa le   orange  t i n t ,   t h in ,   smooth  with  many  small  r a i s e d   d o t s ,  

a e r i a l   mycelium  white ;   r e v e r s e   l i k e   s u r f a c e ;   s o l u b l e   p igment   brown 

(6  p n ) .  



C a s e i n  A g a r  -   Growth  good,  whi te ,   s l i g h t l y   r a i s e d ,   smooth  b u t  

s l i g h t l y   wr ink led   at  the  edge  of  s t r e a k ,   a e r i a l   mycelium  w h i t e ;  

r e v e r s e   c o l o u r l e s s ;   s o l u b l e   pigment  y e l l o w i s h   brown  (3  l c ) .  

Calcium  Malate  Agar  -   Growth  poor  to  modera te ,   whi te ,   t h i n ,   smooth ,  

but  g r a n u l a r   in  some  a r e a s ,   with  white  a e r i a l   mycelium;  r e v e r s e  

very  pa le   orange  (3  ca);   no  s o l u b l e   p i g m e n t .  

Biochemical   P r o p e r t i e s  -   G r a m - p o s i t i v e ;   n o n - a c i d - f a s t ;   no  m e l a n i n ;  

hydrogen  su f ide   not  produced;   g e l a t i n   l i q u e f i e d ;   s t a r c h   not  h y d r o -  

lysed ;   n i t r a t e   reduced  to  n i t r i t e ;   no  d i s i n t e g r a t i o n   on  b o t h  

J e n s e n ' s   c e l l u l o s e   and  Levine  and  S c h o e n l e i n ' s   c e l l u l o s e ;   c l e a r i n g  

but  no  c o a g u l a t i o n   on  milk;  c a se in   d i g e s t i o n   p o s i t i v e ;   t y r o s i n e  

d i g e s t i o n   p o s i t i v e ;   no  d i g e s t i o n   of  calcium  mala te ;   no  d e c o m p o s i t i o n  

of  x a n t h i n e ;   d e c o m p o s i t i o n   of  hypoxan th ine   p o s i t i v e .   C a r b o h y d r a t e  

u t i l i s a t i o n :   g lucose ,   i n o s i t o l ,   g l y c e r o l ,   mannose,  r i b o s e ,   and  t r e -  

ha lose   u t i l i s e d ;   a r a b i n o s e ,   f r u c t o s e ,   r a f f i n o s e ,   suc rose ,   xy lose   a n d  

m e l i b i o s e   d o u b t f u l l y - u t i l i s e d ;   mann i to l ,   rhamnose,  a d o n i t o l ,   c e l l o -  

b iose ,   d u l c i t o l ,   g a l a c t o s e ,   l a c t o s e ,   m e l e z i t o s e ,   s a l i c i n ,   s o r b i t o l ,  

sorbose   and  s t a r c h   not  u t i l i s e d .  

Morpho log ica l   P r o p e r t i e s  -   Morpho log ica l   o b s e r v a t i o n s   were  made  8 

hours ,   24  hours ,   5  days,  18  days,  and  24  days  a f t e r   i n c u b a t i o n   o f  

the  c u l t u r e   on  Czapek-Sucrose   agar:   M i c r o c o l o n i e s   c o n s i s t i n g   of  a n  

e x t e n s i v e l y   branched  s u b s t r a t e   mycelium  which  begin  to  f ragment   i n t o  

b a c i l l a r y   and  coccoid  c e l l s   a f t e r   24  hours  i n c u b a t i o n ;   f r a g m e n t e d  

c e l l s   r o d - s h a p e d   or  g lobose ,   smooth,  measur ing   0 . 8 - 1 . 0   µm  or  1 - 2  

(-3)  x  0 . 6 - 0 . 9   µm;  a e r i a l   mycelium  spar=se ,   s h o r t ,   o f t e n   z i g - z a g g e d  

may  f ragment   into  b a c i l l a r y   and  coccoid   c e l l s   as  the  c u l t u r e   a g e s .  



Tempera ture   R e l a t i o n s  -  

The  c u l t u r e   was  g r a m - p o s i t i v e ,   n o n - a c i d - f a s t ,   and  was  c h a r a c t e r i s e d  

by  the  f r a g m e n t a t i o n   of  s u b s t r a t e   mycelium  a f t e r   24  hours  of  i n c u -  

b a t i o n ,   the  white   a e r i a l   mycelium  and  the  pa le   orange  s u b s t r a t e  

mycelium.  The  c e l l   wall  had  meso -d i aminop ime l i c   ac id ,   a r a b i n o s e ,  

g a l a c t o s e ,   and  mycola te   of  the  noca rdomyco la te   type  c h a r a c t e r i s t i c  

of  the  spec i e s   of  Noca rd ia .   I t   could  not  be  i d e n t i f i e d   with  a n y  

known  spec i e s   of  Nocardia   and  hereby  d e s c r i b e d   as  new  under  the  name 

Nocardia  a r g e n t i n e n s i s   Huang  sp.  nov.  The  s p e c i f i c   e p i t h e t   r e f e r s  

to  Argen t i na   where  the  s o i l   sample  y i e l d i n g   the  c u l t u r e   was 

c o l l e c t e d .  

C u l t i v a t i o n   of  Nocardia   a r g e n t i n e n s i s   p r e f e r a b l y   t a k e s  

p lace   in  aqueous  n u t r i e n t   media  at  a  t e m p e r a t u r e   of  24-36oC  and  u n d e r  

submerged  ae rob ic   c o n d i t i o n s   with  a g i t a t i o n .   N u t r i e n t   media  w h i c h  

are  u s e f u l   for  such  purposes   i nc lude   a  source   of  a s s i m i l a b l e   c a r b o n  

such  as  sugars ,   s t a r c h e s   and  g l y c e r o l ;   a  source  of  o rgan ic   n i t r o g e n  

such  as  c a s e i n ,   enzymatic   d i g e s t   of  c a s e i n ,   soybean  meal,  c o t t o n  

seed  meal,  peanut   meal,  wheat  g lu t en ,   soy  f l o u r ,   meat  meal  and  f i s h  

meal.  A  source  of  growth  s u b s t a n c e s   such  as  g r a i n   s o l u b l e s   a n d  

yeas t   e x t r a c t   as  well  as  s a l t s   such  as  sodium  c h l o r i d e   and  c a l c i u m  

c a r b o n a t e   and  t r a c e   e lements   such  as  i ron ,   z inc ,   c o b a l t   and  manganese  

may  also  be  u t i l i s e d   with  advan tageous   r e s u l t s .  



If  e x c e s s i v e   foaming  is  encoun te r ed   dur ing  f e r m e n t a t i o n ,   a n t i f o a m  

agen ts   such  as  v e g e t a b l e   o i l s   or  s i l i c o n e s   may  be  added  to  t h e  

f e r m e n t a t i o n   medium.  Ae ra t i on   of  the  medium  in  tanks   for   submerged  

growth  is  p r e f e r a b l y   m a i n t a i n e d   at  the  r a t e   of  about  1/2  to  2  v o l u m e s  

of  f ree   a i r   per  volume  of  b ro th   per  minute .   A g i t a t i o n   may  be  m a i n -  

t a i n e d   by  means  of  a g i t a t o r s   g e n e r a l l y   f a m i l i a r   to  those   in  t h e  

f e r m e n t a t i o n   i n d u s t r y .   Asep t i c   c o n d i t i o n s   must,  of  cou r se ,   be  m a i n -  

t a i n e d   through  the  t r a n s f e r   of  the  organism  and  t h r o u g h o u t   i t s  

g r o w t h .  

Inoculum  for  the  p r e p a r a t i o n   of  the  a n t i b i o t i c   m a y  b e  

o b t a i n e d   by  employing  growth  from  a  s l a n t   of  the  c u l t u r e .   The  g r o w t h  

may  be  used  to  i n o c u l a t e   e i t h e r   shake  f l a s k   or  inoculum  tanks   or  t h e  

inoculum  tanks   may  be  seeded  from  the  shake  f l a s k s .   Growth  i n  

shaken  f l a s k s   wi l l   g e n e r a l l y   have  r eached   i t s   maximum  in  2  to  4  d a y s  

whereas  inoculum  in  submerged  inoculum  tanks  wi l l   u s u a l l y   be  at  t h e  

most  f a v o u r a b l e   pe r iod   in  1.5-3  days.  S u b s t a n t i a l   a n t i b i o t i c  

a c t i v i t y   is  o b t a i n e d   in  the  f i n a l   f e rmen te r   s tage   in  a p p r o x i m a t e l y  

2  to  5  d a y s .  

The  p roce s s   of  a n t i b i o t i c   p r o d u c t i o n   is  c o n v e n i e n t l y  

fo l lowed   dur ing   f e r m e n t a t i o n   by  b i o l o g i c a l   assay  of  the  b r o t h  

employing  a  s e n s i t i v e   s t r a i n   of  S t a p h y l o c o c c u s   aureus   or  M i c r o c o c c u s  

l u t e u s .   S tandard   p l a t e   assay  t e c h n i q u e   is  employed  in  which  t h e  

zone  of  i n h i b i t i o n   su r round ing   a  f i l t e r   paper  d isc   s a t u r a t e d   w i t h  

b ro th   is  used  as  a  measure  of  a n t i b i o t i c   p o t e n c y .  



T h i n - l a y e r   chromatography   employing  s i l i c a   gel  is  a  

u s e f u l   too l   for  a n a l y s i n g   the  a n t i b i o t i c s   produced  by  N o c a r d i a  

a r g e n t i n e n s i s   in  f e r m e n t a t i o n   media  and  the  compos i t i on   of  c r u d e  

and  p u r i f i e d   m a t e r i a l s   e x t r a c t e d   from  f e r m e n t a t i o n   b r o t h s .   S i l i c a  

gel  p l a t e s   are  employed  with  a  deve lop ing   system  of  c h l o r o f o r m :  

ace tone   (3:1  v / v ) .   These  a n t i b i o t i c s   may  be  v i s u a l i s e d   by  e x p o s u r e  

to  254  nm  l i g h t   or  b i o - o v e r l a y   with  a  th in   l aye r   of  agar  s e e d e d  

with  a  s e n s i t i v e   s t r a i n   of  S t aphy lococcus   aureus   or  M i c r o c o c c u s  

l u t e u s .  

The  a n t i b i o t i c s   may  be  s e p a r a t e d   and  r e c o v e r e d   by  e x t r a c t i n g  

the  whole,  u n f i l t e r e d   f e r m e n t a t i o n   b ro th   with  an  o r g a n i c   s o l v e n t  

such  as  ch lo ro fo rm,   e thyl   a c e t a t e ,   m e t h y l i s o b u t y l   ke tone  or  b u t a n o l  

at  a  pH  range  of  4.0  to  10.0.   The  s o l v e n t   is  c o n c e n t r a t e d   to  a  t h i n  

sy rup ,   d e f a t t e d   with  heptane   and  chromatographed   in  ch lo ro fo rm  o n  

s i l i c a   g e l .  

A  method  of  s e p a r a t i o n   and  r ecove ry   of  a n t i b i o t i c s   4 7 , 4 4 4 ,  

47,985  and  48,039  is  as  f o l l o w s :   Whole  f e r m e n t a t i o n   b r o t h   i s  

e x t r a c t e d   with  about  1/3  volume  of  m e t h y l i s o b u t y l   ke tone  f o l l o w e d  

by  c o n c e n t r a t i o n   in  vacuo.  The  o i l y   e x t r a c t   is  t r i t u r a t e d   s e v e r a l  

t imes  with  hep tane .   The  v i s cous   c o n c e n t r a t e d   is  d i s p e r s e d   on  s i l i c a  

gel  in  the  p r e s e n c e   of  heptane   and  then  added  to  a  s i n t e r e d   g l a s s  

f i l t e r   coa ted   with  s i l i c a   gel .   The  s i l i c a   gel  is  washed  s u c c e s s i v e l y  

with  hep tane ,   ch lo ro fo rm,   va ry ing   r a t i o s   of  c h l o r o f o r m : e t h y l   a c e t a t e  

and  f i n a l l y   e thy l   a c e t a t e .   All  s t eps   in  the  p u r i f i c a t i o n   s e q u e n c e  

are  moni to red   by  t h i n - l a y e r   c h r o m a t o g r a p h y .  



The  a p p r o p r i a t e   column  cuts   are  pooled,   p r e f e r a b l y   t r e a t e d   w i t h  

a c t i v a t e d   cha rcoa l   a n d . r e - c h r o m a t o g r a p h e d   on  s i l i c a   gel  e l u t i n g  

with  c h l o r o f o r m : e t h y l   a c e t a t e   (1:1  v / v ) .  

The  p r e s e n t   i n v e n t i o n   i n c l u d e s   w i th in   i t s   scope  the  d i l u t e  

forms  and  crude  c o n c e n t r a t e s   of  the  mix ture   of  a n t i b i o t i c s   and  t h e  

p u r i f i e d   a n t i b i o t i c   Compound  47,444.   The  minor  a n t i b i o t i c s   Compound 

47,985  and  Compound  48,039  are  p r e s e n t   in  such  small  amounts  t h a t  

i t   has  not  proved  p o s s i b l e   to  i s o l a t e   them  in  a  s t a t e   of  h o m o g e n e i t y  

at  the  p r e s e n t   t ime.  All  of  these   p r o d u c t s   are  u se fu l   in  c o m b a t -  

t i ng   m i c r o - o r g a n i s m s ,   e s p e c i a l l y   s t r a i n s   of  S t a p h y l o c o c c u s   a u r e u s  

t h a t   are  r e s i s t a n t   to  o the r   a n t i b i o t i c s .  

Table  I  i l l u s t r a t e s   the  a n t i b a c t e r i a l   spectrum  of  Compound 

47,444.   These  t e s t s   were  run  by  p r e p a r i n g   tubes   of  n u t r i e n t   b r o t h  

with  g r a d u a l l y   i n c r e a s i n g   c o n c e n t r a t i o n s   of  the  pure  a n t i b i o t i c   a n d  

then  seed ing   the  b r o t h s   with  the  p a r t i c u l a r   organism  s p e c i f i e d .  

The  minimal  i n h i b i t o r y   c o n c e n t r a t i o n   i n d i c a t e d   in  Table  I  is  t h e  

minimal  c o n c e n t r a t i o n   of  the  a n t i b i o t i c   (in  micrograms/ml)   at   w h i c h  

the  m i c r o - o r g a n i s m   f a i l e d   to  grow.  The  t e s t s   were  conducted   u n d e r  

s t a n d a r d i s e d   c o n d i t i o n s   as  d e s c r i b e d   in  Proc.   Soc.  Exp.  Biol .   &  Med. ,  

122,  1107  ( 1 9 6 6 ) .  





In  vivo  p r o t e c t i o n   a f f o r d e d   by  Compound  47,444  a g a i n s t  

mice  e x p e r i m e n t a l l y   i n f e c t e d   with  S t a p h y l o c o c c u s   aureus  01A005  i s  

shown  in  Table  I I .  

A n t i b i o t i c   Compound  47,444  can  be  a d m i n i s t e r e d   via  t h e  

roa l   or  p a r e n t e r a l   r o u t e s   for  the  t r e a t m e n t   in  an ima l s ,   i n c l u d i n g  

humans,  of  s t a p h y l o c o c c a l   and  o the r   a n t i b i o t i c - s e n s i t i v e   i n f e c t i o n s .  

In  g e n e r a l ,   the  a n t i b i o t i c   is  most  d e s i r a b l y   a d m i n i s t e r e d   in  d a i l y  

o ra l   doses  of  0.5  to  1  gram  or  p a r e n t e r a l   i n j e c t i o n s   of  100  to  500 

mg,  depending  on  the  type  and  s e v e r i t y   of  the  i n f e c t i o n   and  w e i g h t  

of  the  s u b j e c t   being  t r e a t e d .  

A n t i b i o t i c   Compound  47,444  may  be  a d m i n i s t e r e d   a lone  or  i n  

combina t ion   with  p h a r m a c e u t i c a l l y   a c c e p t a b l e   c a r r i e r s ,   and  s u c h  

a d m i n i s t r a t i o n   can  be  c a r r i e d   out  in  both  s i n g l e   and  m u l t i p l e   d o s e s .  

For  pu rposes   of  o ra l   a d m i n i s t r a t i o n ,   t a b l e t s   c o n t a i n i n g  

v a r i o u s   e x c i p i e n t s   such  as  sodium  c i t r a t e ,   calcium  c a r b o n a t e   a n d  

d i c a l c i u m   phospha te   may  be  employed  along  with  v a r i o u s   d i s i n t e g r a n t s  

such  as  s t a r c h ,   a l g i n i c   acid  and  c e r t a i n   complex  s i l i c a t e s   t o g e t h e r  

with  b ind ing   agen t s   such  as  p o l y v i n y l p y r r o l i d o n e ,   suc rose ,   g e l a t i n  

and  gum  a c a c i a .  



A d d i t i o n a l l y ,   l u b r i c a t i n g   agen t s   such  as  magnesium  s t r e a r a t e ,  

sodium  l a u r y l   s u l f a t e   and  t a l c   are  o f t e n   u se fu l   for  t a b l e t i n g  

pu rposes .   Sol id  c o m p o s i t i o n s   of  a  s i m i l a r   type  may  a lso   be  employed  

as  f i l l e r s   in  so f t   and  h a r d - f i l l e d   g e l a t i n   c a p s u l e s ;   p r e f e r r e d  

m a t e r i a l s   inc lude   l a c t o s e   as  well  as  high  m o l e c u l a r   weight   p o l y -  

e thy l ene   g l y c o l s .   When  aqueous  su spens ion   and/or   e l i x i r s   a r e  

d e s i r e d   for  o ra l   a d m i n i s t r a t i o n ,   the  e s s e n t i a l   a c t i v e   i n g r e d i e n t  

t h e r e i n   may  be  combined  with  v a r i o u s   sweetening  or  f l a v o u r i n g  

agen ts ,   co lou r ing   m a t t e r   or  dyes,  and  i f   d e s i r e d ,   e m u l s i f y i n g   a n d /  

or  suspending  agen t s   as  wel l ,   t o g e t h e r   with  such  d i l u e n t s   as  w a t e r ,  

e t hano l ,   p r o p y l e n e   g l y c o l ,   g l y c e r o l   and  v a r i o u s   combina t i ons   t h e r e o f .  

For  pu rposes   of  p a r e n t e r a l   a d m i n i s t r a t i o n ,   s o l u t i o n s   o f  

Compound  47,444  or  s o l u t i o n s   of  a  mix tu re   of  Compounds  4 7 , 4 4 4 ,  

47,985  and  48,039  in  sesame  or  peanut   o i l   or  in  aqueous  p r o p y l e n e  

g lyco l   may  be  employed .  



EXAMPLE  I  

A  s t e r i l e   aqueous  medium  having  the  f o l l o w i n g   c o m p o s i t i o n  

was  p r e p a r e d :  

Ce l l s   from  a  s l a n t   c u l t u r e   of  Nocardia   a r g e n t i n e n s i s   ATCC 

31306  were  t r a n s f e r r e d   to  each  of  a  number  of  300  ml  shake  f l a s k s  

each  c o n t a i n i n g   40  ml  of  the  above  medium  and  shaken  at  280C  f o r  

t h r e e   to  four  d a y s .  

A  s t e r i l e   aqueous  medium  having  the  fo l lowing   c o m p o s i t i o n  

was  p r e p a r e d :  



Fermente rs   c o n t a i n i n g   two  l i t r e s   of  the  above  d e s c r i b e d  

s t e r i l e   medium  were  seeded  with  2-4%  v/v  of  grown  inoculum.  The  

t e m p e r a t u r e   was  m a i n t a i n e d   at   30°C.  The  b ro th   was  s t i r r e d   at  1700 

r . p .m .   and  a e r a t e d   at  the  r a t e   of  about   one  volume  of  a i r   p e r  

volume  of  b ro th   per  minute .   When  s u b s t a n t i a l   a n t i b i o t i c   a c t i v i t y  

was  o b t a i n e d   (based  on  a n t i b i o t i c   d isc   a s s a y ) ,   ca.  2-5  days,  t h e  

f i l t e r e d   or  whole  f e r m e n t a t i o n   b ro th   was  twice  e x t r a c t e d   with  1 / 3  

to  1/2  volume  of  m e t h y l i s o b u t y l   ke tone .   The  s o l v e n t   was  s e p a r a t e d  

from  the  aqueous  phase  and  c o n c e n t r a t e d   in  vacuo  to  a  v i s c o u s   o i l .  

EXAMPLE  I I  

The  f e r m e n t a t i o n   p roce s s   of  Example  I  may  be  r e p e a t e d  

employing  the  f o l l o w i n g   f e r m e n t a t i o n   medium: 

EXAMPLE  I I I  

The  f e r m e n t a t i o n   p roces s   of  Example  I  may  be  r e p e a t e d  

employing  the  f o l l o w i n g   f e r m e n t a t i o n   medium: 



EXAMPLE  IV 

The  f e r m e n t a t i o n   p roce s s   of  Example  I  was  r e p e a t e d .  

About  0.1%  v/v  of  the  grown  inoculum  was  used  to  i n o c u l a t e   a  7570 

l i t r e   f e rmen te r   c o n t a i n i n g   4542  l i t r e s   of  the  p r o d u c t i o n   medium  o f  

Example  I.  The  f e r m e n t a t i o n   was  conducted   at  a  t e m p e r a t u r e   of  280c 

and  an  a e r a t i o n   r a t e   of  one  volume  of  a i r   per  volume  of  b ro th   p e r  

minute .   Af ter   s u b s t a n t i a l   a n t i b i o t i c   a c t i v i t y   was  o b t a i n e d  

( app rox ima te ly   48  to  72  hour s ) ,   4163  l i t r e s   of  the  whole  f e r m e n t a t i o n  

b ro th ,   pH  8.4,   was  e x t r a c t e d   with  a p p r o x i m a t e l y   1324  l i t r e s   o f  

m e t h y l i s o b u t y l   ke tone .   C o n c e n t r a t i o n   of  the  s o l v e n t   e x t r a c t   i n  

vacuo  gave  r i s e   to  an  o i l y   e x t r a c t   (1,190  grams)  c o n t a i n i n g   a n t i -  

b i o t i c   Compounds  47,444,   47,985  and  48,039.   T r i t u r a t i o n   with  h e p t a n e  

(1  x  5.0  l i t r e s ,   1  x  2.0  l i t r e s ,   1  x  1.0  l i t r e s )   then  led  to  a  

v i s cous   c o n c e n t r a t e   (241  grams)  c o n t a i n i n g   95%  of  the  a n t i b i o t i c  

a c t i v i t y   p r e s e n t   in  the  s t a r t i n g   e x t r a c t   of  1,190  g r a m s .  



The  c o n c e n t r a t e   (241  grams)  was  d i s p e r s e d   on  500  g rams  

of  s i l i c a   gel  60  (E.  Merck,  Darmstadt ,   Germany)  in  the  p r e s e n c e   o f  

a  l i t r e   of  heptane  and  then  added  to  a  2.0  l i t r e   s i n t e r e d   g l a s s  

f i l t e r   coated   with  250  grams  of  s i l i c a   gel  60.  The  s i l i c a   gel  was 

washed  s u c c e s s i v e l y   with  a  l i t r e   of  hep tane ,   9  l i t r e s   of  c h l o r o f o r m ,  

a  l i t r e   of  c h l o r o f o r m : e t h y l   a c e t a t e   (9 :1) ,   a  l i t r e   of  c h l o r o f o r m :  

e thy l   a c e t a t e   (4 :1) ,   a  l i t r e   of  c h l o r o f o r m : e t h y l   a c e t a t e   (7 :3 ) ,   a  

l i t r e   of  c h l o r o f o r m : e t h y l   a c e t a t e   (3 :2) ,   a  l i t r e   of  c h l o r o f o r m :  

e thyl   a c e t a t e   (1 :1) ,   a  l i t r e   of  c h l o r o f o r m : e t h y l   a c e t a t e   ( 2 . 5 : . 7 . 5 )  

and  2.5  l i t r e s   of  e thyl   a c e t a t e .   All  s t eps   in  the  p u r i f i c a t i o n  

sequence  were  mon i to red   by  t h i n - l a y e r   chromatography .   The  g r e a t e r  

p a r t   of  the  a n t i b i o t i c   a c t i v i t y   was  found  in  the  l a s t   one  l i t r e   o f  

ch lo ro fo rm  th rough  the  one  l i t r e   of  c h l o r o f o r m : e t h y l   a c e t a t e   ( 1 : 1 ) .  

These  e l u a t e s   were  combined  and  evapo ra t ed   in  vacuo  to  an  o f f - w h i t e  

foam  (41  grams) .   The  l a t t e r   was  d i s s o l v e d   in  400  ml  of  e thy l   a c e t a t e  

and  s t i r r e d   for  30  minutes   with  41  grams  of  Darco  G60.  F i l t r a t i o n  

fo l lowed  by  c o n c e n t r a t i o n   in  vacuo  led  to  36  grams  of  whi te   s o l i d .  

The  minor,   l e s s   po la r   a n t i b i o t i c   Compound  47,985  was 

found  in  the  heptane   and  ch lo ro fo rm  e l u a t e s   ( f i r s t   two  l i t r e s )  

whereas  the  minor,   more  po la r   a n t i b i o t i c   Compound  48,039  was  f o u n d  

in  the  c h l o r o f o r m : e t h y l   a c e t a t e   ( 3 : 2  -   2 . 5 : 7 . 5 )   e l u a t e s .  



The  m a t e r i a l   from  cha rcoa l   t r e a t m e n t   (36  grams  in  c h l o r o -  

form  s o l u t i o n )   was  then  added  to  the  top  of  a  s i l i c a   gel  60  co lumn 

(2"  x  96  cms)  and  deve loped   with  ch lo ro fo rm  c o n t a i n i n g   i n c r e a s i n g  

amounts  of  e thy l   a c e t a t e ,   using  20  ml  cu t s ,   from  100%  c h l o r o f o r m  

to  50:50  c h l o r o f o r m : e t h y l   a c e t a t e .   A p p r o p r i a t e   cuts   from  t h i s  

column  were  combined  to  a f f o r d   s u b s t a n t i a l l y   pure  Compound  4 7 , 4 4 4  

(25.8  grams).   An  a n a l y t i c a l   sample  of  a n t i b i o t i c   Compound  4 7 , 4 4 4  

was  de r ived   by  f u r t h e r   chromatography  of  an  a l i q u o t   of  the  2 5 . 8  

grams  sample  (column  d imens ions   1"  x  92  cms)  on  s i l i c a   gel  PF254 

(E.  Merck,  Darmstadt ,   Germany)  e l u t i n g   wi th   50:50  c h l o r o f o r m : e t h y l  

a c e t a t e .   All  a t t e m p t s   to  c r y s t a l l i s e   a n t i b i o t i c   Compound  4 7 , 4 4 4  

were  u n s u c c e s s f u l .   I t   was  o b t a i n e d   as  an  amorphous  white   s o l i d .  

The  minor  a n t i b i o t i c   Compounds  47,985  and  48,039  w e r e  

p r e s e n t   in  such  small  amounts  t h a t   i t   has  not  proved  p o s s i b l e   t o  

i s o l a t e   them  in  a  s t a t e   of  homogenei ty   at  t h i s   t i m e .  

Compound  47,444  (sample  d r ied   o v e r n i g h t   in  vacuo  45 -   50°C0. 

Elementa l   A n a l y s i s  

Molecular   Fo rmula  

C28H37NO8 (M+515),  high  r e s o l u t i o n   mass  s p e c t r u m .  

The  c13  nmr  spectrum  d i s p l a y s   r e s o n a n c e s   c o n s i s t e n t  

with  the  p r e s e n c e   of  28  carbon  a t o m s .  

(PC.  5909) 



Opt ica l   R o t a t i o n  

U l t r a v i o l e t   Abso rp t i on   Maxima 

MeOH  265  nm  E1%1cm  320 

max 

C h a r a c t e r i s t i c   T n f r a - r e d   Bands  (KBr  disc)   in  m i c r o n s  

as  shown  in  F igure   1: 

2.90,  3.40,   5.76,  5.87,  6.40,  6.85,  7.05,  7.63,   8 . 5 3 ,  

9.0,   10.58,  11.34  and  1 3 . 3 5 .  

S o l u b i l i t i e s  

So lub le   i n  m e t h a n o l ,   e t h a n o l ,   ch lo ro fo rm,   m e t h y l e n e  

c h l o r i d e ,   ace tone ,   m e t h y l i s o b u t y l   ke tone  and  e t h y l  

a c e t a t e .   I n s o l u b l e   in  hep tane   and  w a t e r .  



1.  An  a n t i b i o t i c   or  mix tu re   of  a n t i b i o t i c s   c h a r a c t e r i s e d  

in  t h a t   i t   is  produced  by  c u l t i v a t i n g   Nocardia   a r g e n t i n e n s i s   Huang 

sp.  nov.  ATCC  31306  under  submerged  a e r o b i c   c o n d i t i o n s   in  an  a q u e o u s  

n u t r i e n t   medium  c o n t a i n i n g   an  a s s i m i l a b l e   source  of  carbon  and  

n i t r o g e n   u n t i l   s u b s t a n t i a l   a n t i b i o t i c   a c t i v i t y   is  o b t a i n e d   and  

s e p a r a t i n g   the  a n t i b i o t i c   or  mix tu re   of  a n t i b i o t i c s   t h e r e f r o m .  

2.  An  a n t i b i o t i c   as  c la imed  in  claim  1  d e s i g n a t e d   Compound 

47,444  which  is  s o l u b l e   in  methanol ,   e t h a n o l ,   ch lo ro fo rm,   m e t h y l e n e  

c h l o r i d e ,   ace tone ,   m e t h y l i s o b u t y l   ke tone  and  e t h y l   a c e t a t e ;  

i n s o l u b l e   in  heptane   and  water ;   has  an  a b s o r p t i o n   maximum  in  m e t h a n o l  

in  the  u l t r a v i o l e t   l i g h t   r eg ion   of  the  spectrum  a t   265  nm  with  an  

E1%1 cm  va lue   of  320;  has  a  mo lecu la r   formula  of  C28H37N08;  has  a n  

o p t i c a l   r o t a t i o n   of  [@]D  =  +49°  at  a  c o n c e n t r a t i o n   of  1%  i n  

methanol ;   and  when  p e l l e t e d   in  KBr,  e x h i b i t s   c h a r a c t e r i s t i c   a b s o r p t i o n  

in  the  i n f r a - r e d   reg ion   at  the  f o l l o w i n g   wave l eng th s   in  m i c r o n s :  

2.90,  3 .40,   5.76,  5.87,  6.40,  6.85,  7.05,  7.63,  8.53,  9.0,   1 0 . 5 8 ,  

11.34  and  1 3 . 3 5 .  

3.  A  p h a r m a c e u t i c a l   compos i t ion   s u i t a b l e   for   c o m b a t i n g  

b a c t e r i a l   i n f e c t i o n s   compr i s ing   a  p h a r m a c e u t i c a l l y   a c c e p t a b l e  

c a r r i e r   and  a  t h e r a p e u t i c a l l y - e f f e c t i v e   amount  of  Compound  4 7 , 4 4 4 .  
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