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A New Group of Rifamycin Derivatives Displaying Activity Against Rifampicin-Resistant Mutants 
of Staphylococcus aureus 

Rifampic in ,  wh ich  is one of t h e  m o s t  h i g h l y  ac t ive  
an t i b io t i c s  f rom t h e  g roup  of r i f a m y c i n  de r iva t i ve s  1, 
offers t h e  fol lowing a d v a n t a g e s  f rom t h e  microbio logica l  
s t andpo in tS ,8 :  (1) A bac te r i c ida l  effect  on  p ro l i fe ra t ing  
b a c t e r i a  w h i c h  is of r ap id  onset .  (2) A v e r y  h i g h  specific 
a c t i v i t y  aga in s t  g r am-pos i t i ve  organisms.  [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) for 50 s taphy lococc i  f resh ly  
i so la ted  f rom hosp i t a l  sources  is in t h e  region of 0.001 to 
0,03 ~g/ml. j  (3) Good a c t i v i t y  aga i n s t  g r a m - n e g a t i v e  
bac te r i a ,  i.e. a c t i v i t y  of r ough l y  t h e  s ame  order  of 
m a g n i t u d e  as t h a t  of c h l o r a m p h e n i c o l  a n d  t h e  t e t r a -  
cyclines.  P a r t i c u l a r l y  i n t e r e s t i ng  is t h e  fac t  t h a t  r i f ampi -  
c in  also i n h i b i t s  g r o w t h  of Pseudomonas aeruginosa (tile 
MIC for 20 hosp i t a l  s t r a in s  l y ing  ill t h e  region of 7-15 vg/  
ml). (4) A m e c h a n i s m  of ac t ion  which ,  c o m p a r e d  w i t h  t h a t  
of o t h e r  an t ib io t i cs ,  is of a new t y p e  and  is ba sed  on  
i n h i b i t i o n  of D N A - d e p e n d e n t  R N A - p o l y m e r a s e  ~. This  
l a t t e r  enzyme,  as p roduced  b y  b a c t e r i a ,  is specif ical ly 
inh ib i t ed ,  whereas  no  inf luence  is exe r t ed  on R N A -  
po lymerase  f rom m a m m a l i a n  cells ~-7. 

F r o m  t h e  microbiologica l  aspect ,  however ,  i t  m u s t  be  
n o t e d  t h a t ,  c o m p a r e d  w i t h  o the r  an t ib io t ics ,  t h e  re- 
s i s t ance  r a t e  w i t h  r i f ampic in  is r e l a t ive ly  h igh  (approx.  
1 • 10 -9) a n d  t h a t  t h e  res i s t ance  is of a t y p e  i nvo lv ing  a 
one-s tep  m u t a t i o n  3. 

R e s i s t a n c e  to  r i f ampic in  - wh ich  can  deve lop  in bac-  
t e r i a l  popu l a t i ons  w i t h i n  24 h, even  in t he  presence  of v e r y  
h i g h  se lec t ion  c o n c e n t r a t i o n s  - appea r s  to  be  due  to all 
a l t e r a t i o n  in D N A - d e p e n d e n t  R N A - p o l y m e r a s e .  As a 
resu l t  of t h i s  a l t e ra t ion ,  po lymerase  f rom r e s i s t an t  bac-  
t e r i a  is no  longer  i n h i b i t e d  b y  r i f ampic in  s. 

The  pu rpose  of t he  e x p e r i m e n t s  to  be  descr ibed  here  
was to  d e t e r m i n e  w h e t h e r  one of t h e  s e m i - s y n t h e t i c  
d e r i v a t i v e s  of r i f a m y c i n  SV p r e p a r e d  in our  l abora to r i e s  
ha s  t he  ab i l i t y  to  i n h i b i t  r i f a m p i c i n - r e s i s t a n t  m u t a n t s  of 
Staph. aureus. 

Material  and methods. R i f a m p i c i n - r e s i s t a n t  m u t a n t s  of 
Staph. aureus SG 511 a n d  of f resh ly  i so la ted  hosp i t a l  
s t r a in s  of staph,  aureus were i so la ted  f rom 18-h cu l tu res  
b y  p l a t i n g  ou t  a p p r o p r i a t e  d i lu t ions  aga ins t  a 250 ~g/ml  
se lec t ion  c o n c e n t r a t i o n  of r i f ampic in .  These  r e s i s t a n t  
clones were k e p t  in  s l a n t  cu l tu res  (agar  + 250 ~g r i f ampi -  
cin/ml') a t  4~ The  va r ious  de r iva t i ve s  were a s sayed  
aga in s t  sens i t ive  and  r e s i s t a n t  s t r a ins  of staph,  aureus in  
ser ia l  d i lu t ion  tes ts ,  t h e  f ina l  c o n c e n t r a t i o n  of t he  
b a c t e r i a  a f t e r  i nocu la t i on  a m o u n t i n g  to 104 pe r  ml.  The  
resu l t s  o b t a i n e d  w i t h  Escherichia coli or ig ina te  f rom 
g r a d i e n t  p l a t e  s t r e a k  assays  car r ied  ou t  w i t h  bac te r i a l  
suspens ions  of 5 • 109 pe r  ml  2 

The  r a t e  a t  wh ich  r e s i s t a n t  m u t a n t s  occur red  was 
d e t e r m i n e d  b y  t h e  m e t h o d s  of LURIA a n d  I)ELBR1JCK 9 
a n d  N~WCOMBE 1% 

Tile e x p e r i m e n t s  w i t h  D N A - d e p e n d e n t  RNA-po ly -  
merase  were car r ied  ou t  us ing  t he  m e t h o d  descr ibed  b y  
WEHRLI et  al. n .  

Results. Of a large  n u m b e r  of r i f a m y c i n  de r iva t i ve s  12 
screened in a n  in i t i a l  series of tests ,  all - w i t h  on ly  one 
excep t ion  - showed  comple t e  cross- res is tance  w i t h  re- 
spec t  to  m u t a n t s  wh ich  were r e s i s t a n t  to  r i f a m p i c i n  or 
r i f a m y c i n  SV. The  single excep t ion  was 3-piper id ino-  
r i f a m y c i n  SV [Figure  a n d  Tab le  II ,  N o  (1)], which  in- 
h i b i t e d  g r o w t h  of r i f a m p i c i n - r e s i s t a n t  staph, aureus 
m u t a n t s  in  c o n c e n t r a t i o n s  of t i le order  of 16 ~xg/ml. Th i s  
f i nd ing  was s u b s e q u e n t l y  conf i rmed  in t e s t s  on  10 
s e p a r a t e l y  i so la ted  r i f a m p i c i n - r e s i s t a n t  clones of Staph. 
aureus SG 511 as well  as 10 f resh ly  i so la ted  hosp i t a l  

s t r a in s  of Staph. aureus, f rom w h i c h  t h e  r i f ampic in -  
r e s i s t a n t  m u t a n t s  h a d  been  i so la ted  b y  t he  m e t h o d  
a l r eady  descr ibed.  

Aga ins t  r i f a m p i c i n - r e s i s t a n t  g r a m - n e g a t i v e  bac te r ia ,  
such  as Escherichia coli a n d  Pseudomonas aeruginosa, t h e  
c o m p o u n d  d i sp layed  no ac t iv i ty .  

W e  d e t e r m i n e d  t h e  res i s t ance  r a t e  in  t h e  case of t h e  
p ipe r id ino  d e r i v a t i v e  for  a r i f ampic in - sens i t i ve  s t r a i n  of 
staph, aureus, for a r i f a m p i c i n - r e s i s t a n t  s t r a i n  of Staph. 
aureus, a n d  also for r i f ampic in - sens i t i ve  a n d  r i f ampic in -  
r e s i s t a n t  s t r a in s  of B. subtilis. 

The  resul t s  are p r e sen t ed  in Tab le  I, in  w h i c h  t h e  
r e s i s t ance  r a t e s  to  r i f a m p i c i n  h a v e  also been  inc luded  for 
purposes  of compar i son .  

These  f ind ings  p r o m p t e d  us to  e x t e n d  our  inves t iga -  
t ions  to  inc lude  a b o u t  40 f u r t h e r  r i f a m y c i n  de r i va t i ve s  
s u b s t i t u t e d  w i t h  amines  in  Pos i t ion  3. G iven  in T a b l e  I I  
are a few typ ica l  examples  i n d i c a t i n g  t h e  r e l a t ionsh ip  
b e t w e e n  t he  s t r u c t u r e  of t h e  s u b s t i t u e n t s  a n d  t h e  
biological  a c t i v i t y  of t he  respec t ive  de r iva t ives .  The  
va lues  l i s ted  in t h i s  t a b l e  are  also r e p r e s e n t a t i v e  of o t h e r  
t ypes  of b a c t e r i a  f rom the  g roup  of g r a m - p o s i t i v e  a n d  
g r a m - n e g a t i v e  organisms.  

F r o m  th i s  t a b u l a r  r ev iew i t  can  be  seen t h a t  t h e  
i n t r o d u c t i o n  of s imple  m o n a l k y l a m i n o  and  d i a l k y l a m i n o  
groups  in  Pos i t i on  3 of t he  r i f a m y c i n  c h r o m o p h o r e  [com- 
p o u n d s  Nos. (2) a n d  (3)] produces ,  a t  t h e  most ,  on ly  
s l igh t  a c t i v i t y  aga in s t  r e s i s t an t  m u t a n t s  of Staph. aureus. 
The  pyr ro l id ino  d e r i v a t i v e  No. (4), too, h a s  o n l y  a min i -  
ma l  effect. On t he  o t h e r  hand~ t h e  h o m o p i p e r i d i n o  

Table I. Resistance rate of rifampicin and 3-piperidino-rifamycin SV 

Coucen- Sensitive Rifampi- Sensitive Resistant 
tration Staph. tin- B. B. 
(in [xg] aureus  resistant subtilis subtilis 
ml) SG 511 Staph. 
used for aureus 
selection SG 511 

Rifampicin 100 
3-piperidino- 100 
rifarnycin SV 

7 X 10 -9  1 X 10 -9  
~ 5  X 10 -11 <5  • 10 : n  <5  • 10-1~ 1 <5  • 10 -1! 
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der iva t ive  No. (5) as well as a lkyl -subs t i tu ted  piperidino 
der ivat ives  [e.g. No. (6)] and di -a lkyl -subs t i tu ted  pyrro-  
l idino der iva t ives  display ac t iv i ty  which is jus t  as good 
as, or even be t te r  than,  t h a t  of the  piper idino der iva t ive  
No. (1). There seems to be evidence to suggest a relat ion- 
ship be tween  s t ructure  and ac t iv i ty  inasmuch as, to 
ob ta in  t he  desired effect, i t  is necessary to in t roduce  into 
r i famycin  at  Posi t ion 3 secondary cyclic amines, espe- 
cial ly those which occupy at  least  as much  space as the  
piperidine.  This  r equ i rement  is me t  by  alkyl  or aryl-  
subs t i tu ted  piperidines or  pyrrolidines,  whereas snbsti-  
tuents  wi th  polar  groups or he tero-a toms appear  to result  
in diminished act ivi ty ,  as exemplif ied by  Nos. (7) and (8). 

Some of the  der iva t ives  effect ive against  r i fampicin-  
res is tant  s taph ,  aumus  mutan t s  have  Mready been found 
to display also comparab le  ac t iv i ty  against  r i fampicin-  

HO !H 3 CHz 

~  0 OH 
C~I 3 

Rifamy~in 8Y R=-H 
Ri#ampifin R =-  CH =N-N~ ~-CH3 

k__/ 

:3-Piperklina- RK.SV R=-N~ 

Table II 

Structure 
R 

MIC ([xg/ml) in serial MIC (~xg/ml) 
dilution test in gradient plate 

streak assay 
Rifampiein- Rifampicin- Rifampiein- 
sensitive resistant sensitive 
Staph. aureus Staph. aureus E. coli 
SG 511 SG 511 

(1) - - N x ~  0.002 

(2) --NHC~H s 0.001 

(3) --N/'CH2CHa 0.03 
~CHBCH ~ 

(4) --CI 0.0004 

(5) --N~ 0.004 

CH s (6)--N)-CH. ~ 0.009 
CH a 

(7) - - N x _ ~ O H  0.002 

/ - - - \  

(8) --N O 0.002 

16-32 25 

125-250 4 

64-125 > 100 

64-125 5 

4-8 >100 

1-2 > 100 

>250 4 

>250 7.5 

res is tant  strains of M .  tuberculosis (F. I{RADOLFER, 
personal  communicat ion) .  

I n  concent ra t ions  of up to 200 ~g/ml, the  p iper id ino  
der iva t ive  No. (1) has no influence on D N A - d e p e n d e n t  
RNA-po lymerase  f rom resis tant  cells of Staph. aureus. 
The exper iments  in which  this f inding was obtained were 
carried out  on enzyme  prepara t ions  f rom cells of Staph.  
aureus which were res is tant  to r i fampic in  bu t  sensi t ive 
to de r iva t ive  No. (1) a t  concentra t ions  of 10 ~g/ml  
(W. WEHRLI and M. STA~t~ELIN, personal  communica -  
tion). 

Po lymerase  f rom r i fampicin-sensi t ive  cells of Staph.  
aureus is inhibi ted  by  over  90% in the  presence of con- 
centra t ions  of r i fampic in  as low as 0.06 fxg/ml 5. 

Discussion.  In  the  l ight  of the  p re l iminary  results  
briefly out l ined above,  i t  m a y  be s ta ted  t h a t :  Among  the  
m a n y  synthe t ica l ly  prepared r i famycin  der iva t ives  there  
exists a group of compounds  - der ived f rom the  pa ren t  
substance r i famycin  SV by  subs t i tu t ion  wi th  cyclic 
secondary amines in Posi t ion 3 - whose an t ibac te r i a l  
propert ies  differ appreciably  f rom those of r ifampicin,  
which is at  present  one of the  mos t  h ighly  act ive  r i famycin  
der iva t ives .  

First ly,  the  ra te  at  which res is tant  mutan t s  occur 
among  gram-pos i t ive  organisms - i r respect ive of whe ther  
the  la t te r  are res is tant  or sensi t ive to r i fampic in  - is at  
least  100 t imes  lower in the  case of this group of der iva-  
t ives  than  i t  is wi th  r ifampicin,  a l though these der iva t ives  
are also h ighly  ac t ive  against  sensi t ive strains. Secondly, 
such der iva t ives  display weaker  ac t iv i ty  than  r i fampic in  
against  g ram-nega t ive  bacteria.  Thirdly,  t h e y  are capable  
of inhibi t ing r i fampicin-res is tant  mu tan t s  of Staph. 
aureus in concentra t ions  of 1-10 ~g/ml. In  concentra t ions  
of up to 200 ~g/ml, however,  der iva t ives  f rom this  group 
have  no influence on polymerase  f rom resis tant  cells of 
Staph.  aureus. 

Since, in the  case of the  piper idino r ifamycins,  i t  is 
impossible to demons t ra te  in r i fampicin-res is tant  bacter ia  
the  occurrence of b inding between the  enzyme and the  
antibiotic,  which is responsible for the  ant ibacter ia l  
ac t iv i ty  of r i fampicin,  i t  is conceivable  tha t  these deriva-  
t ives  m a y  exer t  an addit ional ,  as ye t  unknown,  effect  on 
the  metabol i sm of gram-posi t ive  bacteria,  an effect which 
is masked  in sensi t ive  ceils by  the  rapid  onset  of poly-  
merase inhibi t ion,  and which only becomes apparen t  when 
the  cells are res is tant  ones. 

Expe r imen t s  designed to shed fur ther  l i gh t  on these 
findings are now in progress. 

Zusammen/assung .  Unte r  einer grossen Anzahl  semi- 
synthet ischer  R i famyc inde r iva te  wurde  eine Gruppe 
s t rukture l l  ve rwand te r  Verbindungen gefunden, die neben 
ihrer hohen  Wi rksamke i t  (MIC ~ 0 , 0 0 2 - 0 , 0 1  ~g/ml) 
gegeniiber r ifampicinsensiblen,  gramposi t iven  Keimen  
in v i t ro  auch eine gute  Wirkung  (MIC ~ 1-10 ~g/ml) 
gegentiber r i fampicinresis tenten,  gramposi t iven  Keimen  
aufweisen. Die Resis tenzra te  grampos i t iver  r i fampicin-  
res is tenter  und -sensibler Ke ime  ist beziiglich dieser Ver- 
b indungen mindes tens  100mal kleiner als bet Rifampicin .  
Die Wirkung  gegentiber res is tenten Ke imen  scheint  nicht  
auf einer Beeinflussung der DNA-abh~ingigen 1RNA- 
Polymerase  zu beruhen.  Eine  S t ruktur -Wirkungs-  
Beziehung wird angegeben. 
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