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Accumulation of nucleic acid metabolites in Escherichia coli exposed 
to the action of 6-azauracil 

As we h a v e  s h o w n  s o m e  t i m e  ago, 6-azauraci l  (3,5-dioxo-2,3,4,5-tetrahydro-I,2,4-triazine) inh ib i t s  
t h e  g r o w t h  of bac te r ia l ,  2. T he  an t ibac t e r i a l  ac t ion  of 6-azaurac i l  h a s  also been  e s t ab l i shed  in-  
d e p e n d e n t l y  b y  HANDSCHUMACHER AND WELCH 8. L a t e r  we were  able  to  show 4 t h a t  6-azaurac i l  is 
c o n v e r t e d  to  6-azaurac i l  r iboside  b y  E. coli; t h e  e x t e n t  of  th i s  me tabo l i c  r eac t ion  is such  t h a t  it  
could  be  ut i l ized p r e p a r a t i v e l y  for t h e  s y n t h e s i s  of t h e  r iboside  ~. 6-Azauraci l  r iboside h a s  also been  
de tec ted  in cells of  Streptococcus faecalis grown in  t h e  p resence  of s l igh t ly  i nh ib i t o ry  levels  of 
6-azaurac i l  6. Since 6-azaurac i l  h a s  also been  found  to  possess  carc inos ta t ic  ac t iv i ty  7-8, we u n d e r t o o k  
t h e  p r e p a r a t i o n  of larger  a m o u n t s  of 6-azaurac i l  r iboside  b y  t h e  microbiological  m e t h o d  m e n t i o n e d  
above  x6 for t e s t i n g  aga i n s t  e x p e r i m e n t a l  t u m o u r s .  A l t h o u g h  6-azaurac i l  r iboside  is less p o t e n t  a n  
inh ib i to r  of  E.  colt t h a n  6-azauraci l ,  t h e  ca rc inos ta t i c  ac t ion  of t h e  r iboside g rea t ly  exceeds  t h a t  of 
free 6-azauraci111. Inh ib i t i on  of t h e  g r o w t h  of S a r coma  18o in t i s sue  cu l tu re  by  6-azaurac i l  r iboside  
h a d  been  descr ibed b y  SCHINDLER AND W]~LCH 12. 

I n  t h e  course  of our  work  on  t h e  f e r m e n t a t i v e  syn the s i s  of 6- 
azaurac i l  r iboside  we h a v e  i so la ted  a n u m b e r  of p roduc t s  f r om t h e  
cu l tu re  m e d i u m  a n d  t h e  bac te r ia l  cells whose  occurrence  t he r e  sheds  
some  l ight  on  6-azaurac i l  inh ib i t ion .  

E.  coli B was  cu l t i va t ed  on  a s y n t h e t i c  m e d i u m  con ta in ing  i m  
organic  sa l t s  a n d  glucose ~, w i t h  ae ra t ion  a n d  s t i r r ing.  6-Azauraci l  
(IO -8 M)  was  a d d e d  to  t h e  cu l tu re  a t  t h e  beg inn ing  of t h e  loga-  
r i t h m i c  phase .  Af t e r  cu l t i va t ion  for 4.5 h in t h e  presence  of t he  in-  
h ibi tor ,  t h e  bac ter ia l  cells were  s e p a r a t e d  (Sharpies  centr i fuge)  a n d  
e x t r a c t e d  w i th  5 % t r ich lorace t ic  acid (TCA) in t he  cold. The  ex t r ac t  
was  freed f rom t r ich lorace t ic  acid b y  e the r  ex t r ac t i on  a n d  t h e  nucleic  
acid me t abo l i t e s  i sola ted b y  m e a n s  of ac t ive  charcoal .  Similarly,  ac t ive  
charcoa l  was  u sed  to  o b t a i n  t h e  nucle ic  acid me tabo l i t e s  f rom t h e  
f i l tered cu l tu re  m e d i u m .  T h e  me tabo l i t e s  were  identif ied b y  pape r  
c h r o m a t o g r a p h y  in  t h e  b u t a n o l - w a t e r  a n d  sec.-butanol-HCl-water  
(4~ : I I : 9) s y s t e m s  u s i ng  a u t h e n t i c  s t a n d a r d s .  T he  ident i f ica t ion  was  
conf i rmed  b y  a c o m p a r i s o n  of t h e  u l t rav io le t  spec t r a  of  t h e  chro-  
m a t o g r a p h i c a l l y  i sola ted me tabo l i t e s  w i t h  t hose  of reference samples .  

F i g ,  i ,  C h r o m a t o g r a m s  of t h e  nucle ic  acid me tabo l i t e s  i sola ted f rom 
t h e  m e d i u m  (A) a n d  t r ich lorace t ic  acid e x t r a c t  of t he  cells (]3) a f t e r  
c u l t i v a t i o n  of E.  coli in t h e  p resence  of 6-azauraci l .  W h a t m a n  No. i 
paper ,  developed  b y  b u t a n o l  s a t u r a t e d  w i t h  water ,  p h o t o g r a p h e d  b y  
u .v .  l ight .  S t a n d a r d s  (S) : i ,  orot ic  acid;  2, 6-azauraci l  r iboside;  3, 
h y p o x a n t h i n e ;  4, urac i l ;  5, 6-azauraci l .  T h e  orot ic  acid p r e sen t  in t h e  
m e d i u m  crys ta l l i sed  a f te r  e lu t ion  f rom t h e  ac t ive  charcoal  a n d  is 
there fore  m i s s i n g  on  t h e  c h r o m a t o g r a m .  T he  nucleot ides  p r e sen t  in  

t h e  TCA e x t r a c t  r e m a i n  a t  t h e  s ta r t .  

I t  was  f o u n d  t h a t  du r i ng  t h e  cu l t i va t i on  of  E.  coli in t h e  presence  of 6-azauraci l  considerable  
a m o u n t s  of  orot ic  acid a c c u m u l a t e  in  t h e  m e d i u m  in  add i t i on  to  6-azaurac i l  riboside. Fu r the r ,  free 
uraci l  a n d  h y p o x a n t h i n e  were found  to  be  p r e sen t  (Fig. IA).  The  cell ex t r ac t  con ta ined  free 
uraci l  a n d  h y p o x a n t h i n e  in  add i t i on  to  sma l l  a m o u n t s  of  orotic acid a n d  6-azaurac i l  r iboside ; free 
azaurac i l  was  p r e s e n t  on ly  in t r a ce s  (Fig. TB). 

T h e  a m o u n t  of  o ro t i c  acid a n d  6-azaurac i l  r iboside a c c u m u l a t e d  in t h e  m e d i u m  is con- 
s i d e r a b l e - - s o  m u c h  so, in fact ,  t h a t  E.  coli growing  in t h e  presence  of 6-azaurac i l  m a y  be a d v a n t a -  
geous ly  used  for t h e  b i o s y n t h e s i s  of  t he se  c o m p o u n d s  isotopical ly  label led w i th  14C or zsN. 

As we h a v e  s h o w n  earlier,  6-azaurac i l  is a compe t i t i ve  a n t a g o n i s t  of uracil ,  cytos ine ,  a n d  
the i r  r ibos ides  in t h e  bac ter ia l  cell. W e  expressed  t h e  view, t h a t  t h e  6-azauraci l  is conve r t ed  to  
r ibos ide  me tabo l i t e s  wh i ch  in ter fere  w i t h  nucleic  acid syn the s i s  ~. The  a c c u m u l a t i o n  of in ter -  
m e d i a r y  r ibonucle ic  acid me t abo l i t e s  r epor t ed  in th i s  paper ,  t oge the r  w i th  t h e  f o r m a t i o n  of t he  
r iboside  of t h e  inhib i tor ,  a re  in l ine w i t h  t h i s  a s s u m p t i o n .  

T h e  occur rence  of free h y p o x a n t h i n e  is ev idence  for t h e  v iew t h a t  th i s  c o m p o u n d  is a p recursor  
of  t h e  nucle ic  ac id  aden ine  a n d  g u a n i n e  in m i c r o o r g a n i s m s  (where b io t in  deficiency also causes  t he  
a c c u m u l a t i o n  of h y p o x a n t h i n e  ~8) as  well  as  in  a n i m a l  t i s sues  la. 

W e  wish  to  t h a n k  Mrs. L.  ~EBESTOVX for he r  coopera t ion  in p a r t  of th i s  work.  Ful l  detai ls  of 
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t he se  a n d  re la ted  e x p e r i m e n t s  will be g iven  in  due  course  in  t h e  Collection of Czechos lovak  Chemica l  
C o m m u n i c a t i o n s .  
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On the importance of a-glycerophosphate dehydrogenase in 
glycolysing insect muscle* 

The  D P N - l i n k e d  a -g l yce rophospha t e  d e h y d r o g e n a s e  ca ta lyzes  t h e  r educ t i on  of d i h y d r o x y a c e t o n e  
p h o s p h a t e  accord ing  to  t he  reac t ion :  

D i h y d r o x y a c e t o n e  p h o s p h a t e  + D P N H  ~ a - g l y c e r o p h o s p h a t e  + D P N  + 

Th i s  reac t ion  is of l i t t le s ignif icance in ve r t eb r a t e -musc l e  glycolysis  because  i t  is t h e  r educ t i on  
of p y r u v a t e  wh ich  is l inked w i t h  t he  ox ida t ion  of g lyce ra ldehyde -3 -phospha te .  However ,  i t  is k n o w n  
t h a t  g lycolysis  in insect  musc le  lacks t he  proper  s to i ch iomet ry l ,  2, wh ich  m a y  be  due  to  t h e  im-  
pa i red  ac t i v i t y  of  lact ic  d e h y d r o g e n a s e  a. 

The  ac t iv i t ies  of lactic a n d  a - g l y c e r o p h o s p h a t e  d e h y d r o g e n a s e s  in  b o t h  coxa l  a n d  tho rac ic  
musc le s  of t h e  A m e r i c a n  cockroach,  Periplaneta americana, are  seen  in Tab le  I. 

T h e  resu l t s  clearly show t h a t  t he  lact ic d e h y d r o g e n a s e  level in b o t h  t y p e s  of musc le  is 
u n u s u a l l y  low. On  t h e  o the r  hand ,  t h a t  of  a - g l y c e r o p h o s p h a t e  d e h y d r o g e n a s e  is e x t r a o r d i n a r i l y  
high,  Consequen t ly ,  m o s t  of t he  D P N  is p robab l y  regenera ted  b y  t he  r educ t ion  of d i h y d r o x y a c e t o n e  
phospha t e .  

I n  order  to check  t he  physio logica l  s ignif icance of t he se  act ivi t ies ,  t h e  f o rma t ion  of lac ta te ,  
p y r u v a t e  and  a -g lyce rophospha t e  f rom hexose  d i p h o s p h a t e  was  s tud ied  u n d e r  anae rob ic  cond i t ions .  
Typica l  resu l t s  p resen ted  in Tab le  I i  ind ica te  t h e  s t o i ch iome t ry  of hexose  d i p h o s p h a t e  convers ion .  

For  eve ry  mole of H D P  uti l ized,  one mole  of a - g l y c e r o p h o s p h a t e  a n d  p y r u v a t e  was  formed.  
The  s lower ra te  of a c c u m u l a t i o n  of p y r u v a t e  s u g g e s t s  t h a t  t h e  r eac t ions  p r o d u c i n g  p y r u v a t e  via 
t h e  E m b d e n - M e y e r h o f  s cheme  a p p e a r  to  be  ope ra t i ng  b u t  one or more  m a y  be  ra te - l imi t ing .  

The  convers ion  of H D P  requ i red  D P N  wh i ch  could no t  be replaced  b y  T P N .  A D P  alone a n d  
A D P  p lus  inorganic  p h o s p h a t e  h a d  a s l igh t ly  s t i m u l a t o r y  effect on t h e  m e t a b o l i s m  of H D P .  

In  s u m m a r y ,  therefore ,  t he  r educ t ive  s tep  r ep re sen t ed  by  lact ic d e h y d r o g e n a s e  appea r s  to  be 
of negligible i m p o r t a n c e  in glycolysis  of coxal  musc les  of t h e  roach.  In s t ead ,  t h e  a - g l y c e r o p h o s p h a t e  
d e h y d r o g e n a s e  s y s t e m  a s s u m e s  t he  m a j o r  role in r egene ra t i ng  D P N  f rom D P N H .  The  p r e d o m i n a n t  
e n d - p r o d u c t s  of roach -musc l e  glycolysis  appea r  to  be a - g l y c e r o p h o s p h a t e  a n d  p y r u v a t e .  Con- 
s e q u e n t l y  we h a v e  here  a n o r m a l  s i t ua t i on  s imi la r  to  N e u b e r g ' s  so-called second fo rm of f e r m e n t a -  
t ion  wh ich  m a y  be also induced  in musc le  w i t h  t h e  a id  of " ' s teer ing s u b s t a n c e s  ''8. 

* The  following abb rev i a t i ons  are  used :  D P N ,  d i p h o s p h o p y r i d i n e  nue leo t ide ;  D P N H ,  reduced  
d iphosphopyr id ine  nucleot ide ;  ADP ,  adenos ine  d i p h o s p h a t e ;  H D P ,  hexose  d i p h o s p h a t e ;  T P N .  
t r i p h o s p h o p y r i d i n e  nuc leo t ide ;  Tris,  t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e ,  


