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A S t u d y  of the  M e c h a n i s m  of P o l y m y x i n  M I n a c t i v a t i o n  

By s t u d y i n g  the  m e c h a n i s m  of inac t iva t ion  of p o l y m y x i n  M, we proceed  f rom the  supposed  s t ruc tu ra l  fo rmula  
of an t ib io t ics  L 

i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( + ) 6-MOK z --~ (0¢) DAB --~ Thr ~ {~) DAB ~ (0¢) DAB ~ (~) --~ DAB --~ Thr --~ (~) DAB* 

Accord ing  to t he  d a t a  r epor ted  in the  l i te ra ture ,  sal ts  of 
an t ib io t ics  of t he  p o l y m y x i n  group  are s tab le  in weak  acid 
and  neu t ra l  solutions,  b u t  are  i nac t i va t ed  in acid solut ions 
and  pa r t i cu la ry  in alkaline onesa-L 

We  found t h a t  an t ibac te r ia l  ac t iv i ty  of p o l y m y x i n  M 
quickly decreased  dur ing  incuba t ion  of an t ib io t ics  in 0.1 N 
NHaOH (pH 10.3) a t  37 °CS,% I t  d i sappea red  comple te ly  
and  i r revers ib ly  in 7-8 days.  I t  was  shown by  d in i t ro-  
p h e n y l a t i o n  followed by  analysis  of acidic hyd ro ly sa t e  
au toma t i c  amino  acid ana lyse r  ~° t h a t  inac t ive  form of 
ant ibiot ics ,  unlike act ive  one, con ta ins  abou t  1.5 moles of 
e - D N P - D A B ,  as well as an increased  a m o u n t  of Iree ~, y- 
DAB.  Also in c o n t r a s t  to  ac t ive  fo rm the  ra t io  of leucine/  
t h reon ine  was n o t  1 : 3 and  the  to ta l  n u m b e r  of d iamino-  
bu tyr ic  acids (in form of ~ -DNP-  and  y - D N P - D A B  as well 
as e ,y -DAB)  was n o t  equal  to  6. Thus  some s t ruc tu ra l  
changes  occur  in t he  course of inac t iva t ion .  

P rev ious  sugges t ions  t h a t  b y  inac t iva t ion  of p o l y m y x i n  
M, N e --~ NV-migration took  place n ,  ~2 
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can  expla in  only  p a r t  of expe r imen ta l  fac ts  - t he  appear -  
ance  of e -amino  groups  and  the  increase of t he  free ~, y- 
D A B  (after hydro lys is  of i n t e rmed ia t e  subs t ance  I I  (see 
scheme) .  

However ,  r ecen t ly  we  have  shown t h a t  in t r amolecu la r  
aminolys is  of p e p t i d e  b o n d  ~, y - D A B  b y  d i s t a n t  y-amino 
g roup  fol lowed b y  open ing  of cycle owing  to  fo rma t ion  of 
3 -acy lamino-2-pyr ro l idone  and  b y  a p p e a r a n c e  of  free 
amino  group  of a d j a c e n t  amino  acid occurs  t oge th e r  
wi th  N ~ --> Nr-migra t ion .  

CH~ 

CH 2 NH~" y 

. . . - N H - C H - C O  NH-CH C O - N H - C H - C O - . . .  
I t 

R ~  c¢ R ~  

Thr ~ (c~) DAB ~ Leu 

These  amino  groups  were  d i n i t r o p h e n y l a t e d  and  owing to  
this,  D N P - a m i n o  acids were  no t  e luc ida ted  by  amino-  
analyser .  The s tudies  on  t h e  model  pep t ides  conf i rmed  
this  a s s u m p t i o n  ~a-ls. 

In  view of the  fact  t h a t  d i - D N P - D A B  and  par t i cu la r ly  
D N P - T h r  dur ing  hydro lys is  were g rea t ly  de s t royed  ~7, ~s, 
we d e t e r m i n e d  thenl  as D N S- d e r i v a t i v e s  ~°. The  acid 
hydro lysa t s ,  DNS-der iva t ives ,  ac t ive  and inac t ive  forms of 
ant ibiot ics ,  were  s tud ied  by  TLC in d i f ferent  so lvents  and  
on var ious  carriers.  D N S - T h r  and  d i - D N S - D A B  were 
indeed  found  in reac t ion  mix ture .  

I t  should  be no ted  t h a t  th is  m e c h a n i s m  of inac t iva t ion  
of p o l y m y x i n  M requi res  some correc t ions  in i ts  s t ruc tu ra l  
fo rmula  which  was p roposed  previously.  Thus  d i -DNS-  
D A B  can be ob ta ined  only  if 2 res idues  of a, y -DAB take  
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t h e  n e i g h b o u r i n g  places  on  pep t ide  chain.  There fo re  e, y- 
D A B *  shou ld  be  in  the  place  of leucine or t h r eon ine .  
However ,  c o m p a r i s o n  of s t r u c t u r a l  f o r m u l a  of poly-  
m y x i n s  ls,~°-~2, col is t ins  ~ a n d  c i rcul in  ~ shows t h a t  all  
t hese  an t ib io t i c s  h a v e  fol lowing sequence  a m i n o  acid in 
cycle. 

R---+ (e)DAB---l* (o~) DAB ----~ X t - - ~  Xe 

Thr  4 (~) DAB ~ (~¢) DAB 

R is t h r ee -pep t ide ,  whe re  ~¢-amino g r o u p  of e, y - D A B  is 
a c y l a t e d  w i t h  f a t t y  ac id ;  X x a n d  X~ are  d i f fe ren t  a m i n o  
ac ids  d e p e n d i n g  on  types  of an t ib io t i c .  I t  is un l ike ly  t h a t  
p o l y m y x i n  IvI w h i c h  is a r e l a t ed  a n t i b i o t i c  h a s  a d i f fe ren t  
t y p e  of s t ruc tu re .  T h e  p r o b l e m  of pos i t ion  of leucine  a n d  
t h r e o n i n e  r equ i res  f u r t h e r  i nves t iga t ion .  

BI~mOAU. IlpH H3yneHm[ MexaH~3~a {ma~THBattrm llona- 
r, mi<Cr~Ha M B O.IH.NH4OH 5b{~O OOHapy'~<eHO, qTO HapnAy c 
N=---> lg~-auHnbHOfi MHrpam~efi u~eeT MeeT0 H mtTpaMo.~e- 

Kyn,qpHbIl~ aMHHOJ1H3 IlenTHRH0i~ CB~I31! y-aMltHH0~ rpynnofi  
~z,3'-,~AM~(. ABTOpbl cqllTalOT, qTO B panee npeJlno~enHym 
~)0pMyny n0nH,~.~cuna M cneayer  B~ecro ne~orop~e  n o w  
peKTIIBbl. 
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S t 6 r 6 o c h i m i e  d ' a c i d e s  g r a s  ¢ t - h y d r o x y l 6 s  i s o l 6 s  d ' u n e  s o u c h e  d e  S t r e p t o m y c e s  ~ 

N o u s  uvons  m o n t r 6  a n t 6 r i e u r e m e n t  ~ q n e  l ' anMyse  des  
l ip ides  p e u t  a p p o r t e r  une  a ide  effieace h la c lass i f ica t ion 
de  bac t~r ies  a p p u r t e n a n t  a u x  genres  Mycobacterium et  
Nocardia. R 6 c e m m e n t  ~, nous  a v o n s  6 t endu  ces r eche rehes  
au genre  Streptomyces. 

Nous  a v o n s  en pa r t i cu l i e r  isoM, £ p a r t i r  d ' u n e  souche  
de Streptomyces (No 5017, Collect ion de  l ' I s t i t u t o  Supe-  
r iore  di SanitS., Rome) ,  u n  acide  e -hydroxylS ,  Cx~H~00 ~, 
qu i  cons is te  en  u n  m61ange d ' ac ides  h y d r o x y - 2  m6 thy l -13  
t~ t r ad~cano ique  et  h y d r o x y - 2  m~thy l -12  t ~ t r a d 6 e a n o i q u e  ~, 
Duns  lu p r6sen te  Note ,  nous  ~ tabl i ssons  la s t~r6ochimie  
de ces acides  e -hydroxyl~s ,  e t  d~cr ivons  la  s y n t h b s e  de 
t e r m e s  de compara i son .  

Stdrdochimie de l'acide ~-hydroxyld naturel. Cent re  
a s y m 6 t r i q u e  en  2: L a  v a r i a t i o n  pos i t ive  de la r o t a t i o n  
mol6cula i re  de l ' ac ide  na tu re l ,  l o r squ ' on  passe  du  chloro-  
fo rme  ~ la py r id ine  c o m m e  so lvan t ,  es t  du  m~me  ordre  de 
g r a n d e u r  e t  du  m e m e  sens que  celles observ~es  duns  le 
cas de l ' ac ide  c6 rdbron ique  (acide h y d r o x y - 2 D  t6 t raco-  
s ano ique  e t  h o m o l o g u e s ) i  ou d ' e - h y d r o x y - a c i d e s  syn th6 -  
t iques  n (voir  Tab leau) .  Le  cen t r e  a s y m 6 t r i q u e  en  2 a p p a r -  
t i e n t  donc  5. lu s6rie D (conf igu ra t ion  R).  Ce r f i su l ta t  es t  
conf i rm6 p a r  la v a r i a t i o n  du  m 6 m e  ordre  de g randeur ,  
ma i s  n6gut ive ,  de la r o t a t i o n  mol6culaire ,  duns  les m 6 m e s  
condi t ions ,  p r6sen t6e  p a r  la  p r 6 p a r a t i o n  d ' a c i de  syn th6 -  
t ique ,  d o n t  le c e n t r e  en  2 a p p a r t i e n t  g la  s6rie L (voir  
Tab leau) .  

C e n t r e  asym&tr ique  en  12: L ' o x y d a t i o n  c h r o m i q u e  de  
l ' ac ide  n a t u r e l  C1~H3003 fou rn i t  u n  m~lange  d ' a c ide s  
C~H~sO 2 e t  C13H=BO2: ce m~lange  d ' ac ides  poss&de une  
r o t a t i o n  mol6cula i re  n e t t e m e n t  d e x t r o g y r e  (voir  Tab leau ) .  
Ces aeides  o n t  ~t6 identif i6s,  p a r  c h r o m a t o g r a p h i c  en  
phase  gazeuse  sur  co lonne  capi l la i re  de  leurs  es te rs  
m~thy l iques ,  aux  ac ides  m 6 t h y l - l l  t r i d6cano ique  (VI I I )  
e t  m&thyl-10 dod6cano ique  ( IX) ,  e o n t e n a n t  e n v i r o n  25% 
des acides  isom~res  de la sdrie iso (acides m~thy l -12  t r i -  
d6cano ique  e t  m 6 t h y l - l l  dod6canoique)a .  

I1 a ~t~ 6 tab l i "  que  les acides  a l i p h a t i q u e s  de la  s~rie 
anteiso o n t  la  con f igu ra t i on  L (ou S) lorsqu ' i l s  son t  dex t ro -  
gyres :  le c e n t r e  a s y m g t r i q u e  en  12 de l ' ac ide  h y d r o x y - 2 D  
m 6 t h y l - 1 2  t 6 t r a d ~ c a n o i q u e  n a t u r e l  es t  donc  de conf igura -  
t ion  L. 
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Rotations mol~eulaires d'~-lwdroxy-aeides et de quelques dgriv6s 

EstEr Acide libre Acide de 
m6thylique eoupure 
(CHCt3) ehloroforme pyridine Apyr-chlo oxydative 

(CHCI~) 

Acidc c¢-hydroxyI~ de Streptomyces 
Aeide co-hydroxyl6 s3~th6tique ~ 
Acide C¢-D-hydroxyl6 ~ chalne droite (9) 
Acide c6r6bronique (s6rie D) (8) 

- -  1 ° + 0,4 ° + 18,7" + 18,3 ° + 8,3 ° 
+ I7,7 ° + 13,0 ° -- 8,5 ° -- 21,5 ° + 10,7 ° 

- -  10,3 ° -- 8,7 ° + 9,8 ° + 18,5 ° 
- -  6,8 ° + 12,7 ° + 19,5 ° 

Voir texte. 


