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Rifamycins LXI: In vivo Inhibition of RNA Synthesis by Rifamycins 

The  ac t ion  of r i f a m y c i n  SV a n d  r i f amide  ( d i e t h y l a m i d e  
of r i f a m y c i n  B ~) on  p r o t e i n  s y n t h e s i s  was  f i r s t  inves t i -  
g a t e d  b y  FRON~ALI e t  al. -° w h o  f o u n d  t h a t  in  cell-free 
e x t r a c t s  of Bacilh~s sublil is t he se  r i f a m y c i n s  p r oduce  a 
s t r o n g  i n h i b i t i o n  of a m i n o  ac id  i n c o r p o r a t i o n  in to  pro-  
te ins .  F u r t h e r  e x p e r i m e n t s  i n d i c a t i n g  t h a t  t h e  s i te  of 
r i f amide  ac t ion  m a y  be  a t  r i bosomia l  level  were succes- 
s ive ly  r e p o r t e d  a,a. R e c e n t l y  HARTI~IANN e t  al.~ a n d  
WEVt~LI e t  al.  ~ f o u n d  t h a t  severa l  r i f a m y c i n s  i n h i b i t e d  
t h e  D N A  d i rec ted  R N A  p o l y m e r a s e  r e a c t i o n  in v i t r o  a n d  
sugges ted  a d i r ec t  ac t ion  on  t h e  p o l y m e r a s e  enzyme .  
S imi la r  r e su l t s  were  i n d e p e n d e n t I y  o b t a i n e d  b y  UMEZAW~, 
e t  al.~ w h i c h  r e p o r t e d  ev idence  of i n h i b i t i o n  of t h e  in i t i -  
a t i o n  of RIgA s y n t h e s i s  b y  r i f a m y c i n s  13 a n d  S V  in  a 
s y s t e m  inc lud ing  R N A  p o l y m e r a s e  e x t r a c t e d  f rom 
Escherich~a coll. 

Since  on ly  p a r t i a l  d a t a  h a v e  so f a r  b e e n  r e p o r t e d  *,~ 
o n  t h e  in  v i v o  m o d e  of a c t i o n  i t  a p p e a r e d  i n t e r e s t i n g  to  
assess w h e t h e r  t he  i n h i b i t i o n  of R N A  s y n t h e s i s  or  t he  
i n h i b i t i o n  of p r o t e i n  syn thes i s  at t h e  r ibosomia l  level  was 
t h e  p r i m a r y  l e tha l  ef fec t  of r i f a m y c i n s  on  g rowing  
mic rob ia l  cells. 

T h e  ef fec t  of 80 vtg/ml of r i f a m p i c i n  s on  [C ~]  uraci l  
a n d  [C x~] p h e n y l a l a n i n e  u p t a k e  b y  growing  E.  coli cells is 
s h o w n  in F igu re  1 (on th i s  s t r a i n  t he  m.i.c, of r i f ampic in  
is a b o u t  2 t~g/ml). A n  i m m e d i a t e  b lock  of urac i l  u p t a k e  
is observed ,  whi le  t he  u p t a k e  of t h e  a m i n o  acid con t inues  
a l t h o u g h  a t  a r educed  r a t e  for  a b o u t  8 rain.  Th i s  f i nd ing  
ind ica tes  t h a t  r i f a m p i c i n  p e n e t r a t e s  v e r y  r a p i d l y  in to  t h e  
cells a n d  t h a t  t h e  p r i m a r y  effect  of t h e  a n t i b i o t i c  is a n  
i n h i b i t i o n  of t h e  R N A  syn thes i s .  T h e  t i m e  e laps ing  be-  
t w e e n  t h e  b lock  of t h e  u rac i l  u p t a k e  a n d  t h a t  of p h e n y l -  
a l an ine  is in  a g r e e m e n t  w i t h  t he  accep t ed  e s t i m a t e  of t h e  
ha l f  life of m e s s a n g e r  R N A .  

S imi la r  resu l t s  were o b s e r v e d  (Figure  2) w h e n  r i f a m p i c i n  
was a d d e d  to  cu l tu res  of B.  sublilis,  i n d i c a t i n g  t h a t  the  
ac t ion  is no t  q u a l i t a t i v e l y  d i f fe ren t  in g r a m - n e g a t i v e  a n d  
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Fig. 1. Effect of rifampicin on phenylalanine and uracil uptake by 
E. coli cells. - o -  control, - O - O -  rifampicin (80 txg/ml). To 50 ml of 
E, coli cultures growing in Davis inediunl were added 5 p~g/ml of 
2-[C 14] uracil (sp. act. 1.2 tLC/IIM) or 10 i,tg/ml of [C H] phenylalanine 
(sp. act. 0.73 vC/IxM ). Rifampiein was added after 10 min to 25 ml 
aliquots of the cultures. Samples (2 inl) were withdrawn at intervals, 
diluted with 2 ml of cold 10% TeA and the radioactivity of the  
insohlble fraction determined in a thin window counter. 

g r a m - p o s i t i v e  bac te r i a .  The  poss ib i l i ty  of d i f ferences  in  
t h e  m e c h a n i s m  of ac t ion  of r i f ampic in  a n d  r i famide  was 
ru led  o u t  b y  r e p e a t i n g  the  e x p e r i m e n t  on  B. s,tblilis us ing  
t he  l a t t e r  (Figure  3) as t he  i n h i b i t i n g  agent .  

T h e  effect  on  t h e  D N A  syn thes i s  was  s tud ied  b y  
d e t e r m i n i n g  t he  u p t a k e  of [C1~] thymine  b y  E.  coli a n d  
B.  s*~btilis a u x o t r o p h s  s t ra ins .  As shown  in F igures  4 a n d  5 
t h e  D N A  syn thes i s  con t inues  a f t e r  t h e  comple t e  i n h i b i t i o n  
of R N A  s y n t h e s i s  a t  a p rogress ive ly  r e d u c e d  ra te ,  for  
a b o u t  a g e n e r a t i o n  t ime,  i n d i c a t i n g  t h a t  t h e  a n t i b i o t i c  
does  n o t  in t e r fe re  d i r ec t ly  w i t h  D N A  syn thes i s .  Th i s  is in  
a g r e e m e n t  w i t h  t h e  in  v i t r o  f i nd ing  4 t h a t  t h e  D N A  
d i r ec t ed  R N A  syn thes i s  is n o t  depressed  b y  r i f amyc ins .  
T h e  poss ib i l i ty  t h a t  r i f a m p i c i n  could  p r e v e n t  t h e  ut i l iza-  
t i o n  of [C14]uracil b y  i n h i b i t i n g  t h e  c o n v e r s i o n  of t h i s  
c o m p o u n d  to  U T P  was also examined .  Accord ing  to  t h e  
t e c h n i q u e  p roposed  b y  GRos e t  al. 9, E. coli cells were  
p l a smol i zed  to  a l low t h e  p e n e t r a t i o n  of labe l led  U T P  
t h r o u g h  t h e  cell m e m b r a n e  bar r ie r .  T h e  u p t a k e  of  

4110 

200 

ZOO 

.~ Ioo 
E 

Phenylalanine j 
! 

/ 
/ 

/ 
/ 

I 
/ 

/ 
I 

I 
I 

/ 
/ 

/ 
! 

/ 

/ 
t" 

t 1 t _ 

o zo 40 

Tiros(rain) 

4OO 
Uracil 

I 
I 
t 

I 

t 
! 
! 
! 
! 

ZOO l 
i" 

! 
t 

! 
/ 

I 
/ 

, t  

o 

Time(rain) 

% 

.-= 100 
E 

Fig. 2. Effect of rifampicin on phenylManine and uracil uptake by 
B. subtilis. - e -  control, - © - O -  rifampicin (0.1 ptg/ml). B. subtilis 
was grown in the ¥on Borstetl M 40 medium. Additions and pro- 
cedure were as described under Figure 1. 
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Fig. 3. Effect of rifamide on phenylalanine and uracil uptake by 
B. subtilis cells. - • -  c x ) n t r o l , - © - © -  rifamide (i txg/ml). B. subfilis 
was grown in Von Borstell M40 medium. Additions and procedure 
were as described under Figure 1. 
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Fig. 4. Effect of rifampicin on thymine and uracil uptake by E. coli 
cel ls . -  • -  controls, - O - © -  rifampiein 40 [zg/ml. A T h y -  Me- auxo- 
troph strain of E. coli was grown in Davis medium plus 10 ~xg/ml of 
thymine and methionine. Procedure as described under Figure 1. 
Additions: 2[C z*] thymine 0.05 Vtelml (sp. act. 58.3 ~CtvM);  2 [ O q  
uracil 5 vtglml (sp. act. 1.2 ~C]~M). 

[C l~]urac i I  a n d  [ C I ~ ] U T P  i n t o  t h e  p l a s m o l i z e d  cel ls  w a s  
r a p i d l y  i n h i b i t e d  b y  r i f a m p i c i n  ( F i g u r e  6). 

I t  c a n  t h u s  b e  c o n c l u d e d  t h a t  t h e  e x p e r i m e n t s  w i t h  
g r o w i n g  E .  eoli a n d  B .  sub t i l i s  cel ls  p r o v i d e  e v i d e n c e  t h a t  
t h e  p r i m a r y  in  v i v o  e f f e c t  of  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  
o f  r i f a m y c i n s  is  t h e  i n h i h i t i o l x  o f  t h e  D N A  d i r e c t e d  R N A  
s y n t h e s i s ,  p r o b a b l y  t h r o u g h  t h e  i n h i b i t i o n  o f  t h e  R N A  
p o l y m e r a s e  a c t i o n ,  i n  a g r e e m e n t  w i t h  t h e  i n  v i t r o  I i n d i n g s  
r e p o r t e d  b y  o t h e r  a u t h o r s .  T h e  e f f e c t  of  l o w e r  c o n c e n t r a -  
t i o n  o f  r i f a m p i c i l l  o n  E .  coli cei ls  is n o w  u n d e r  i n v e s t i g a -  
t i o n  a n d  wi l l  b e  r e p o r t e d  e l s e w h e r e .  
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Fig. 5. Effect of rifampicin on thymine and uracil uptake by 
B. subtilis cells. - e -  controls, - © - © -  rifampicin (1 Izg/ml). A T h y -  
auxotroph strain of B. subtilis was grown in Von Borstell 3140 
medium plus 10 ~g/ml of thymine.  Procedure as described under 
Figure 1. Additions as reported under Figure 4. 
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Fig. 6. Effect of rifampicin on UTP and uracil uptake by plasmolized 
E. coli cells. - e -  controls, - © - O -  rifampicin (80 ~g/ml). E. coli cells 
were plasmolized in 2 M sucrose in 0.01 M Tris (pH 8) and then 
diluted into Davis medium buffered with 0.05 M Tris (pH 7.4) as 
described by GALLANT and CHASEL 10. Additions: [C 14] UTP 
0.05 [zC/ml (sp. act. 30.4 pC/txM), 2 [ 0  4] uracil 0.05 [zC/ml (sp. act. 
1.2 ~C][zM). Procedure as described under Figure 1. 

R i a s s u n t o .  L ' a z i o n e  d e l l a  r i f a m p i c i n a  e d e l i a  r i f a m i d e  
s u  b a t t e r i  in  f a s e  l o g a r i t m i c a  6 s t a t o  s t u d i a t o  d e t e r m i -  
n a n d o  l ' e f f e t t o  s u l l ' i n c o r p o r a z i o n e  d i  u r ac i t e ,  t i m i n a ,  f en i -  
l a l a n i n a  e u r i d i n a - t r i f o s t a t o  m a r c a t i  c o n  C 1~ d a  p a r t e  d i  
c o l t u r e  d i  E .  coli e B .  subt i l i s .  I r i s u l t a t i  i n d i c a n o  c h e  it 
b l o c c o  de l l a  s i n t e s i  d e l l ' R N A  p r e c e d e  q u e l l o  d e l l a  s i n t e s i  
de l l e  p r o t e i n e  e deI  D N A .  
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