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Methylheptans~ture (IOA)l (S. WILKINSON) verleiht  

diesen Ant ib io t ika  den Charakter  von Invertseifen.  Sic 

sind besonders gegen g ramnega t ive  Erreger  wirksam. 

Schwierigkei ten berei te ten die AufklXrung der Ver- 

kntipfungsweise der Sei tenket te  (~- oder y-) und die 

Bean twor tung  der Frage,  ob das Molekfil neben D- 
Phenyla lan in  in der Ringsequenz noch einen D-~, 7-Di- 

aminobutters~iurerest in Nachbarschaf t  zur Fetts~iure 

in der Sei tenket te  enth~ilt. Synthet ische Versuche mi t  

D-~, ~-Diaminobut ters~ure an dieser Stelle ffihrten zu 

hochakt iven  Produkten,  die aber mi t  nat i i r l ichem Poly- 

myx in  B 1 nicht  identisch waren. Entscheidende  For t -  

schri t te  wurden mi t  dem bakter iel len E n z y m  Nagarse 

(T. SuzuKI) erzielt, das schri t tweise die Sei tenket te  
bis zum Ringpept id  abbaut .  Dabei  ergab sich, dass den 

Po lymyxinen  die allgemeine S t ruk tu r  eines Cyclo- 

heptapept ides  mi t  e-verknf ipf ter  Sei tenket te  zukom m t  

(Figur 4). 

Die Po lymyxine  B1, E 1 (Colistin A) sowie Circulin A 

unterscheiden sich voneinander  nur  durch eine Varia- 

t ion in der gleichen Dipept idsequenz des 7-gliedrigen 

Ringes. Die im Poly lnyxin  B 1 vorhandene Dipept id-  

sequenz D-Phe-L-Leu ist in Po lymyxin  E 1 (Colistin A) 
durch D-Leu-L-Leu und in Circulin A durch D-Leu-L-Ile 

ersetzt. Im  Po lymyxin  D 1 ist neben dem Ersa tz  der 

entsprechenden Sequenz durch L-Leu-L-Thr noch ein 

~, 7-Diarninobutters/ iurerest  der Sei tenket te  durch ein 

D-Serin ausgetauscht .  Die entsprechenden Verbindun-  
gen init  dem Index 2 unterscheiden sich yon den i enigen 

mit  dem Index  1 durch einen Austausch der (+)-6- 

Methyloctans~iure dutch  6-Methylheptans~iure. 

Die S t ruk tu r  von Po lymyxin  B1, E 1 und Circulin A 

konnte  durch Tota lsynthese  gesichert werden (K. 
VOGLER). Weitere  For t schr i t t e  in der Erforschung der 

Na tu r  der noch unbekann ten  Ver t re ter  sind in Ktirze 

zu erwarten.  
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C h e m i c a l  S t r u c t u r e  o f  P o l y m y x i n  D 1 

An antibiotic designated as polymyxin D was first 
isolated from the culture fluid of a strain of Bacillus 
polymyxa by STANSLY, SHEPHERD, and WHITE in 19471. 
In 1949 BELL et al. 2 reported that  polymyxin D is a basic 
polypeptide containing L-threonine : D-leucine : D-serine : L- 
~, T-diaminobutyric acid in the ratio 3 : 1 : 1 : 5. But no 
studies on the chemical structure have yet been made. 

During the course of our investigation of the culture 
medium of Bacillus polymyxa ATCC 10401, antibiotic 
substances were isolated from a culture broth in con- 
siderable yield. The crude antibiotics were purified mainly 
by ion exchange chromatography (Amberlite IRC-50, H +- 
form) and counter-current distribution using a mixture of 
n-butanol/sec-butanol and 0.1 N HC1 in the ratio 6 : 30 : 40 
(v/v) as solvent, and two pure components were isolated. 
The constituent amino acids of both were found to be 
threonine : leucine : serine : ~, y-diaminobutyric acid in the 
molar ratio 3 :1 :1 :5 ,  which agreed with that  of poly- 
myxin D reported by BELL et al. 2. Thus we named the 
two components polymyxin D I and polymyxin D 2, re- 
spectively. 

Polymyxin D1, the more active entity biologically, was 
first hydrolysed with 6N  I-IC1 for 20 h at 105 ~ and the 
configurations of the amino acids in the hydrolysate were 
examined microbiologically 3, and also by means of optical 
rotatory dispersion. The results agreed with those given 
by BELL et al. 2, and the  amino acid composition of poly- 
myxin D.~ was confirmed as L-threonine: D-leucine : D- 

serine:L-a,T-diaminobutyric acid in the molar ratio 
3 : 1 : 1 : 5. The methyl ester derivative of the C~ fat ty acid 
isolated from the acid hydrolysate of polymyxin D 1 was 
shown to be (+)-6-methyloctanoic acid methylester by 
gas chromatography. 

Polymyxin D 1 was then partially hydrolysed with 6N  
HC1 at 37~ for 70 h and the resulting peptides were 
separated by gradient column chromatography. 19 frag- 
ments were isolated in apparently pure states as judged 
by paper chromatography,  paper electrophoresis, and 
thin layer chromatography. With three fragments, 

Moa 4 --> (~)Dab, Thr --> Ser --> (cr --> (~)Dab --> Leu, 
(Y) 

Thr --> (~)Dab --> (~)Dab, 

Thr 
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t he  a u t h o r s  were able  to  propose  t he  fol lowing four  pos-  
sible s t r u c t u r e s  : 

I 

II  

I I I  

IV 

7or-type: Moa -+ (~)Dab -+ T h r  -+ Ser  -+ cyc lo - [ (~)Dab  -+ (*r 
D a b  -+ Leu  -+ T h r  -+ (or -+ ((x)Dab -+ Thr(y)  -+] 

8 y - t y p e  : Moa -+ (or -+ T h r  -+ eye lo- [ (y )Dab  -+ (cr -+ 
Leu  -+ T h r  -+ (~x)Dab -+ (0r --~ T h r  -+ Ser(ot) -+] 

5 7 type : Moa -+ (or)Dab -+ Thr -+ (cr -+ (or)Dab -+ Thr -+ 
eyelo- [(y)Dab -+ (~)Dab -+ Leu -+ Thr -+ Ser(ot) -+] 

4~- type  : Moa -+ (~)Dab -+ T h r  ~ (~)Dab -+ (cr -+ T h r  -+ 
Ser -+ cyclo-  [(~)Dab -+ (r162 -+ Leu  -+ Thr(y)  -+] 

B y  app ly ing  our  t e c h n i q u e  w i t h  NAGARSE s (Subt i lo-  
pep t idase  A [EC 3 .4 .4 .16])  tO p o l y m y x i n  D 1 w e  o b t a i n e d  
two  key  pept ides ,  Moa --> (e )Dab --> Thr ,  a n d  D-Ser --> 
cyc lo- [ (a )Dab  --> (e )Dab  --> D-Leu --> T h r  - ~  (a )Dab --> 
(e )Dab  --> Thr (7  ) --~], wh ich  were he lpful  in  deduc ing  t he  

L-Thr  ~ L-Dab-NH2(y  ( 

/ 
D-Leu 

(y) H2N-L-Dab  

\ 
L-Dab (y) 

(~) 

B-Ser 

L-Thr 

I 
L-Dab-NH2(~)  

Moa 

\ 

L - D a b - N H  2 (y) 

L-Thr  

/ 

Ful l  s t r u c t u r e  of p o l y m y x i n  Dp 

full  amino  acid sequence  of p o l y m y x i n  D 1. The  chemica l  
s t r u c t u r e  of p o l y m y x i n  D1 was t h u s  cons idered  to be  of 
t he  7e- type  like those  of col is t in" ,  c i rcul in  ~, a n d  poly-  
m y x i n  B 8. 

W e  also a t t e m p t e d  to  conf i rm the  p roposed  7e - type  
s t r u c t u r e  of p o l y m y x i n  D~ b y  a n  app l i ca t ion  of N - ~  O 
r e a r r a n g e m e n t  in  c o n c e n t r a t e d  su lphur ic  acid for  16 h a t  
21~ The  fol lowing five pept ides ,  (I) Moa- -~  (e)Dab,  
(II) Moa --~ (~)Dab --~ Thr ,  ( I I I )  i n t a c t  p o l y m y x i n  D1, 
(IV) Ser --~ cyc lo - [ (e )Dab  --~ ( e )Dab  --> Leu --> T h r  --> (e)- 
D a b  --> (e )Dab  - ~  Thr(y)  - -~,  (V) T h r  --~ Ser - ~  cyclo- 
E(e)Dab --> (c~)Dab --> Leu  --~ T h r  --~ (e )Dab  --> (a )Dab  --> 
Thr(y)  --~,  o b t a i n e d  f rom the  r e a r r a n g e d  p r o d u c t s  also 
s u p p o r t e d  the  7~- type s t r u c t u r e  for p o l y m y x i n  D 1. 

Thus,  p o l y m y x i n  D~ m u s t  h a v e  t he  s t r u c t u r e  s h o w n  in 
the  Figure.  

The  e n z y m a t i c  hydro lys i s  of p o l y m y x i n  D 2 gave  a l m o s t  
t he  same spots  in  p a p e r  c h r o m a t o g r a p h y  and  t h i n  l ayer  
c h r o m a t o g r a p h y  as those  o b t a i n e d  f rom p o l y m y x i n  D 1. 
The  f a t t y  acid wh ich  was i so la ted  f rom the  acid h y d r o l y -  
sa te  of p o l y m y x i n  D~ was ident i f ied  as i sooctanoic  acid b y  
gas c h r o m a t o g r a p h y .  I t  was  the re fore  cons idered  t h a t  t he  
s t r u c t u r e  of p o l y m y x i n  D 2 m i g h t  be  t he  same as t h a t  of 
p o l y m y x i n  D1, excep t  for h a v i n g  i sooctanoic  acid i n s t ead  
of ( + ) - 6 - m e t h y l o c t a n o i c  acid. 

Zusammenfassung. Es  wird  f iber die St rukturaufklS. -  
r u n g  yon  P o l y m y x i n  D1, e inem A n t i b i o t i c u m  aus  Bacillus 
polymyxa ATCC 10401, be r i ch te t ,  d e m  die F o r m e l  de r  
F igu r  z u k o m m t .  
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D i e  K o n s t i t u t t o n  d e s  B o r r e l i d i n s  

Das A n t i b i o t i c u m  Bor re l id in  wurde  im J a h r e  1949 yon  
B E R G E R ,  J A M P O L S K Y  u n d  G O L D B E R G  a u s  e inem Act ino-  
m y c e t e n - S t a m m  als eine farblose  l ipophi le  Ca rbons~ure  
isol ier t  1. Die d a m a l s  abge le i te te  Bru t to fo rme l ,  C2sH4aNO 6 
wurde  1965 d u r c h  eine massenspek t ro skop i sche  Moleku-  
l a r g e w i c h t s b e s t i m m u n g  bestAtigt ,  u n d  auf  G r u n d  yon  
spek t roskop i schen  Unte rsuchungeI1  k o n n t e n  ANDERTON 
u n d  RICKARDS 2 als C h r o m o p b o r  die G r u p p i e r u n g  I ab-  
leiten. 

C - C - C - C H  C H = C H - C - C  
I 

CN I 

F e r n e r  w u r d e n  2 ace ty l i e rba re  sekundXre H y d r o x y l -  
g ruppen  nachgewiesen .  Die res t l i chen  2 Saue r s to f f a tome  
l iegen gem~ss d e m  I R - A b s o r p t i o n s s p e k t r u m  in  e iner  
Es te r -  oder  L a c t o n g r u p p i e r u n g  vor,  wobei  auf  G r u n d  de r  
m a s s e n s p e k t r o s k o p i s c h e n  F r a g m e n t i e r u n g  der  l e t z t e ren  
de r  Vorzug  gegeben  wurde  2. 
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