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Methode: I m  Laufe  de r  M o n a t e  J u l i - D e z e m b e r  1959 
f f ih r t en  wi r  v i e r  Ve r suchs r e ihen  m i t  250-350  g schweren ,  
w e i b l i c h e n  Meer schwe inchen  durch .  A b g e s e h e n  y o n  d e n  
I~on t ro l l en  e rh ie l t en  die Tiere w ~ h r e n d  7 T a g e n  e i n m a l  
t~.gllch die zu p r f i fenden  Cort icoide,  e n t w e d e r  s u b k u t a n  
in j i z i e r t  ode r  e inzeln  ve r f i i t t e r t .  Die t~gl iche  Menge w a r  
e n t s p r e c h e n d  den  in de r  H u m a n m e d i z i n  gebrAuchl iehen  
Dosen  a b g e s t u f t :  z u m  Beispie l  H y d r o c o r t i s o n  1/amat 
s chw~che r  als Cort ison,  P r e d n i s o l o n  6real  schw~cher ,  
D e x a m e t h a s o n  30mal  s c h w ~ c h e r  usw.  (vgl. Tab. ) .  A m  
7. Tag  e rh i e l t en  alle Tiere,  inkl .  die Kon t ro l l en ,  zusAtzlich 
1 ml  r ad ioak t ive ,  t r~ger f re ie  N a t r i u m s u l f a t - L 6 s u n g  (asS) 
i n t r a p e r i t o n e a l  in j iz ie r t  (2,3 × 105 cpm).  Zwei Tage da -  
n a c h  er fo lg te  die Sekt ion .  I n s g e s a m t  k a m e n  28 Kon t ro l l -  
t ie re  u n d  73 Cor t ico id-Tiere  zu r  U n t e r s u c h u n g .  F i i r  jedes  
Tier  w u r d e n  die pr~ipar ier ten  K o s t a l k n o r p e l  e inzeln  wel te r  
ve ra rbe i t e t .  N a c h  Aufsch l iessen  des K n o r p e l m a t e r i a l s  m i t  
de r  M e t h o d e  n a c h  ]3AILEY n u n d  Z u g a b e  y o n  0,25 ml  nor-  
m a l e r  N a t r i u m s u l f a t - L 6 s u n g  als  Tr~tgersubs tanz  wurde  
de r  G e s a m t s c h w e f e l  d u r c h  ]3a r iumchlor id  gef~llt .  Die  
Radioakt ivi t~Lt  (cpm) des  Su l f a tn i ede r sch lages  w u r d e  be-  
s t i m m t ,  e n t s p r e c h e n d  a u f g e w e r t e t  ( H a l b w e r t s z e i t  v o n  
ass = 87 Tagc)  u n d  au f  1 g K n o r p e l t r o c k e n g e w i c h t  u m -  
gerechne t .  

O b w o h l  in  d e n  v ie r  V e r s u c h e n  gleiche ]3ed ingungen  vor -  
lagen,  wiesen  die Mi t t e lwer t e  d e r  6 -8  K o n t r o l l t i e r e  j ede r  
R e i h e  doch  gewisse U n t e r s c h i e d e  auf.  U m  n u n  die c p m -  
W e r t e  de r  Cor t i co id -Gruppen  n i c h t  n u r  i n n e r h a l b  i h r e r  
e igenen  V e r s u c h s r e i h e n  m i t  d e m  K o n t r o l l - M i t t e l w e r t  in  
Verg le ich  se tzen  zu k 6 n n e n ,  w a r  es n6t ig ,  die ftir die Kon-  
t ro l l t i e re  e i ' ha l t enen  cpm-~vVerte au f  den  M i t t e l w e r t  e iner  
e inze lnen  V e r s u c h s r e i h e  u m z u r e c h n e n  u n d  d a n a c h  a u c h  
die  W e r t e  d e r  e inze lnen  C o r t i c o i d - G r u p p e n  m i t  d e m  en t -  
s p r e c h e n d e n  R e c h n u n g s f a k t o r  zu mult . ipl izieren,  bzw. zu 
d iv id ie ren .  I n  de r  Tabe l le  is t  das  so e r h a l t e n e  Zah len -  
m a t e r i a l  n iedergelegt .  

Ergebnis: Die sechs  yon  uns  gepr i i f fen  Glucocor t ico ide  
k S n n e n  in  i h r e r  \ ¥ i r k u n g  in zwei deu t l i ch  u n t e r s c h e i d b a r e  
G r u p p e n  e inge te i l t  werden .  Vier  de r  Cor t icoide  e r g a b e n  eine 
s t a t i s t i s c h  s t a r k  ges icher te  H e m m u n g  des a sS-Einbaus  in 
den  I (o s t a lkno rpe l ,  w ~ h r e n d  be i  d e n  b e i d e n  a n d e r e n  de r  
~sS-Gehal t  des K n o r p e l m a t e r i a l s  m i t  j e n e m  der  Kon t ro l l -  
t iere  i i b e r e i n s t i m m t e  (Tabelle) .  E s  s ind  dies d a s  na t f i r -  
l icherweise  im O r g a n i s m u s  v o r k o m m e n d e  H y d r o c o r t i s o n  
und  das  s ich  n u t  d u t c h  eine D o p p e l b i n d u n g  zwischen  C1 
u n d  C2 y o n  d iesem u n t e r s c h e i d e n d e  Predn iso lon .  L i n e  
E r h 6 h u n g  de r  S c h w e f e l a u f n a h m e  u n t e r  H y d r o c o r t i s o n -  
Einf luss ,  wie dies y o n  CLARK u n d  UMBREIT 6 in i h r e n  in- 
vi tro-Versuchen b e o b a c h t e t  w e r d e n  k o n n t e ,  s c h e i n t  i m  
l e b e n d e n  T ie r  n i c h t  a u I z u t r e t e n .  Die  v i e r  h e m m e n d e n  
Glucocor t ico ide  dagegen  weisen im Verg le ich  zu H y d r o -  
cor t i son  b e s t i m m t e  chemische  V e r ~ n d e r u n g e n  auf :  Cort i -  
son  C11-Ketogruppe ,  M e t h y l - p r e d n i s o l o n  6~-CHa-Gruppe,  
T r i a m c i n o l o n  9 a - F l u o r - 1 6 ~ - O H . G r u p p e ,  D e x a m e t h a s o n  
9a -F luor -16~-CHa-Gruppe .  
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Summary  

The  u p t a k e  of 3~S, in  t he  c h o n d r o i t i n  su l fa te  of t h e  
cos ta l  ca r t i l age  of gu inea  pigs, is i n h i b i t e d  b y  cor t isone,  
m e t h y t - p r e d n i s o l o n ,  t r i amc ino lon ,  a n d  d e x a m e t h a s o n .  No 
i n h i b i t i o n  could  b e  seen u n d e r  t h e  in f luence  of t h e  n a t u r a l  
a d r e n a l  h o r m o n e  h y d r o c o r t i s o n e  a n d  i t s  n e a r e s t  r e la t ion ,  
p redniso lon .  

A n t a g o n i s m  b e t w e e n  5 - A z a u r a c i l  
a n d  P y r i m i d i n e  P r e c u r s o r s  o f  R i b o n u c l e i c  

A c i d s  i n  E s c h e r i c h i a  c o l l  

5-Azaurac i l  was  k n o w n  in t h e  older  l i t e r a t u r e  u n d e r  the 
n a m e  of a l l a n t o x a i d i n e  1-~, a n d  was or ig ina l ly  considered 
to  be  2, 5 -d ioxo-4- imino- imidazo l id ine  (I). T h e  cor rec t  for- 
m u l a t i o n  of a l t a n t o x a i d i n e  s t r u c t u r e ,  howeve r ,  was  ar- 
r i ved  a t  la ter ,  a n d  i t  was  ]~RANDENBERGER a n d  ]~RANDEN- 
BERGER 4, CANELLAKIS a n d  COHEN 5, a n d  m o s t  recen t ly  
GUT et al. 6, who showed  t h a t  a l l a n t o x a i d i n e  is ac tual ly  
2, 4-dioxo-1,  2, 3, 4 - t e t r ah y d ro -1 ,  3, 5 - t r iaz ine  (II). T h e  re- 
su l t s  p r e s e n t e d  in  t h i s  c o m m u n i c a t i o n  co n f i rm  t h e  last- 
n a m e d  s t ruc tu re .  
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I n  a n a l o g y t o  6 -azaurac i l  ( I l l )  a l l a n t o x a i d i n e  was la te r  7 
n a m e d  5-azauraci l .  

Biological  effects of 5-azaurac i l  were s tud ied  b y  HA- 
KALA, LAW, a n d  WELCH, w h o  found  t h a t  5-azaurac i l  in 
t h e  doses app l ied  does n o t  a f fec t  t h e  g r o w t h  of experi- 
m e n t a l  l y m p h o m a  L 1210. O n  t h e  o t h e r  h a n d ,  ELION et 
al. 8 f o u n d  t h a t  5 -azaurac i l  a c t s  as  a power fu l  inh ib i to r  
of g r o w t h  of a d e n o e a r c i n o m a  755, a t  n o n - t o x i c  doses. 

As far  as t h e  a n t i b a c t e r i a l  effect  of 5-azaurac i l  is con- 
cerned,  no  d a t a  are  ava i l ab le  in  t h e  ex i s t ing  l i tera ture .  
Therefore ,  we a t t e m p t e d  to  s t u d y  t h e  i n h i b i t o r y  effect  of 
5-azaurac i l  on  t h e  g r o w t h  of E.  coli B a n d  d e v o t e d  our 
a t t e n t i o n  to t h e  a n t a g o n i s t i c  r e l a t i on  of 5 -azaurac i l  to  a 
n u m b e r  of p u r i n e  a n d  p y r i m i d i n e  c o m p o n e n t s  of nucleic 
acids.  

Experimental  and Results. T h e  i n h i b i t i o n  of g rowth  of 
E.  coli ]B, a n d  t h e  a n t a g o n i s m  of 5-azaurac i l  t o w a r d  purine 
a n d  p y r i m i d i n e  de r iva t i ve s ,  were  s tud ied  in a syn the t ic  
m e d i u m  c o n t a i n i n g  glucose a n d  inorgan ic  sa l t s  g. T h e  bac- 
t e r i a  were  g rown  in  10 ml  of m e d i u m  in  t e s t - t u b e s  pro- 
v i d e d  w i t h  K a p s e n b e r g  s toppe r s  a t  37°C for  15 h, ana- 
logously  as in  p r ev ious  work  9, T h e  g r o w t h  was  es t imated  
t u r b i d i m e t r i c a l l y  a t  575 mtz. 

5 -Azaurac i l  used in t h e  w o r k  desc r ibed  was  prepared 
b y  a m o d i f i c a t i o n  s of HARTMAN'S m e t h o d  le. 
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I t  was  f o u n d  t h a t  a 50% i n h i b i t i o n  of g r o w t h  of E .  coti 
B b y  5-azaurac i l  is a c h i e v e d  a t  a c o n c e n t r a t i o n  of 1.25 × 
10 -4 M .  T h e  r e l a t i o n s h i p  of g r o w t h  i n h i b i t i o n  to  t h e  con-  
c e n t r a t i o n  of t he  i n h i b i t o r  h a s  a d i f f e ren t  c h a r a c t e r  w i th  
5-azaurac i t  t h a n  w i t h  6-azauraci l .  I t  was  f u r t h e r  f o u n d  
tha t ,  in  t h e  p resence  of  a s u b b a c t e r i o s t a t i c  c o n c e n t r a t i o n  
of 5-azauraci l ,  no  f o r m a t i o n  of e l o n g a t e d  cel lu lar  fo rms  of  
bac t e r i a  t akes  place,  in c o n t r a s t  to  w h a t  is e n c o u n t e r e d  
wi th  6 -azaurac i l  n .  Th i s  f ind ing  ind ica t e s  t h e  ex is tence  of 
a d i f f e ren t  m e c h a n i s m  of i n h i b i t i o n  for  6- a n d  5-azaurac i l  
t o w a r d  E .  coli, The  E .  coli cells were found  to  acqu i re  v e r y  
r ap id ly  a r e s i s t ance  t o w a r d  5-azauraci l .  

T h e  ab i l i t y  of some p y r i m i d i n e  d e r i v a t i v e s  to  coun te r -  
ac t  t h e  g r o w t h - i n h i b i t i o n  ef fec t  of 5-azaurac i l  follows f rom 
the  d a t a  of t h e  Tab le .  T h u s  i t  m a y  be  seen t h a t  5 -azaurac i l  
r ep re sen t s  for  E .  coti a n  a n t i m e t a b o l i t e  of r ibonuc le ic  acid 
p y r i m i d i n e  bases,  or  r a t h e r  of  t h e i r  r ibosides .  Oro t ic  acid,  
wh ich  is k n o w n  to  be  a p r e c u r s o r  of p y r i m i d i n e  bases  of 
nucleic  acids  in  n u m e r o u s  biological  sys tems ,  does  n o t  
c o u n t e r a c t  t h e  i n h i b i t o r y  effect  of 5-azauraci l .  Th i s  obser -  
v a t i o n  c a n  be  e x p l a i n e d  b y  t h e  i n a b i l i t y  of E.  coli cells 
to  ut i l ize  exogenous  oro t ic  acid for syn thes i s  of p y r i m i d i n e  
bases  of nucle ic  acids,  as  was  s h o w n  ~2 for  t he  E .  coli s t r a i n  
63-86.  

The effect of metabolites of nucleic acids on the growth inhib- 
ition o E. coli B caused by 5-azauraeil. 5-Azauracl concentration 
was 5 X 10 -a  M, that of the metabolites also 5 x 10 -4 M. The values 
represent the growth of the culture expressed in % culture den- 

sity as obtained in the absence of inhibitor 

Metabolite added .to the medium along Growth 
with the inhibitor % control 

Adenine 
Guanine . .. 
Uracil 
Cytosine 
Thymine 
Orotic acid 
Adenosine 
Guanosine 
Uridine 
Cytidine 
Deoxyuridine.  
Deoxycytidine 
Thymidine 

0 
1 

114 
111 

2 
0 
1 
0 

98 
104 

85 
84 
60 

The  a n t a g o n i s t i c  effect  of d e o x y u r i d i n e  a n d  deoxycy-  
t idine can  be  e x p l a i n e d  b y  a n  u t i l i z a t i on  of t h e i r  bases.  
I t  is of in te res t ,  however ,  to  no t e  t he  a n t a g o n i s t i c  effect  
of t h y m i d i n e .  E .  coli cells a p p a r e n t l y  t r a n s f o r m  t h y m i d i n e  
to p y r i m i d i n e  p recurso r s  of r ibonuc le ic  acids whi le  t h y -  
mine c a n n o t  be  u t i l ized  for t h i s  purpose .  

This work and further experiments wiU be described in detail in 
the Collection of Czechoslovak Chemical Communications. 

F.  ~ORM, J .  ~KODA, a n d  J .  K/~RA 

Ins t i tu te  o/  Organic  Chemis t ry  a n d  B i o c h e m i s t r y ,  Cze- 
choslovak A c a d e m y o ]  Science, Prague ,  December 37, 1959. 

Z u s a m m e n / a s s u n g  

Es wurde  ein i n h i b i e r e n d e r  E f f e k t  v o n  5-Azaurac i l  au f  
K u l t u r e n  yon  Escher ichia  coli 13 fes tgeste l l t ,  d e r  d u r c h  die 
Anwesenhe i t  y o n  Uraci l ,  Cy tos in  u n d  i h r e n  R i b o s i d e n  
aufgehoben  wird.  D e s o x y u r i d i n ,  D e s o x y c y t i d i n  u n d  T h y -  
midin bese i t igen  tei lweise die h e m m e n d e  W i r k u n g  yon  5- 
Azauracil .  

Adsorption and Active Transport 

I n  a n u m b e r  of ion t r a n s p o r t  s tud ie s  i t  h a s  b e e n  f o u n d  
t h a t  t h e  k ine t i c  d a t a  o b t a i n e d  c o n f o r m  to  t h e  Michael is-  
M e n t e n  t r e a t m e n t  of e n z y m e  a c t i o n k  Th i s  p r o v e d  espe- 
c ia l ly  v a l u a b l e  in  r e l a t i o n  to  t h e  t y p e  of c o m p e t i t i o n  ex-  
h i b i t e d  b y  ions n o t  n o r m a l l y  i n v o l v e d  in  ac t ive  t r a n s p o r t .  
T h u s  EPSTEIN a n d  HAGEN were  able  to  conc lude  t h a t  in  
b a r l e y  roots  one t y p e  of b i n d i n g  s i te  is specif ic  for  K, Rb ,  
a n d  Cs ions since these  ions e x h i b i t  a c o m p e t i t i v e  t y p e  of 
i nh ib i t i on ,  t h e  t h r ee  as a g r o u p  d i f fe r ing  f rom N a  or  Li  
ions  in be ing  b o u n d  pre fe ren t ia l ly .  T h e  h igh  degree  of 
speci f ic i ty  found  in t he i r  s t u d y  is r e f l ec ted  in t h e  differ-  
e n t i a l  u p t a k e  of K ions f rom a m e d i u m  in  w h i c h  N a  ions  
a re  p r e p o n d e r a n t .  

C u r r e n t  t r a n s p o r t  h y p o t h e s e s  local iz ing t h e  a c t i v e  proc-  
esses in  t h e  celt m e m b r a n e  of ten  seem to  i m p l y  t h a t  t h e  
a p p l i c a b i l i t y  of the  Michae l i s -Menten  t r e a t m e n t  i n d i c a t e s  
t h e  p resence  of ca r r i e r  mech an i s ms .  Since t h e  success  of 
t h i s  t r e a t m e n t  is due  solely to  the  fac t  t h a t  t h e  ion u p t a k e  
follows a s a t u r a t i o n - t y p e  kinet ics ,  t he  same  d a t a  c a n  be  
t a k e n  as i n d i c a t i n g  t h e  b i n d i n g  of K or  o t h e r  c o m p e t i n g  
ions on to  labile,  po ison  sens i t ive  i n t r ace l lu l a r  a d s o r p t i o n  
sites. Th i s  v iew is s u p p o r t e d  below b y  showing  t h e  Michae-  
l i s -Menten  e q u a t i o n  to  be  fo rmal ly  iden t ica l  w i t h  t h e  
L a n g m u i r  a d s o r p t i o n  formula ,  t h u s  e x t e n d i n g  t h e  d e m o n -  
s t r a t i o n  of t h e  i d e n t i t y  of t h e  l a t t e r  w i th  the  law of m a s s  
a c t i o n  2 kt 

G i v e n  a r eac t i on  A + B~-: ---~ C where  A,  B,  a n d  C re-  
kx--1 

p r e s e n t  mo lecu l a r  species a n d  kx a n d  k_ I t h e  fo rw a rd  a n d  
b a c k w a r d  r e a c t i o n  r a t e  c o n s t a n t s ,  one  o b t a i n s  t h e  follow- 
ing expres s ion  for  t h e  r a t e  of f o r m a t i o n  of C, t h e  concen-  
t r a t i o n s  of A ,  B ,  a n d  C be ing  r ep resen ted  b y  smal l  case 
l e t t e r s :  de~dr = k x (a -- c) (b -- c) -- k_ l c. 

A t  e q u i l i b r i u m  dc/dt = 0 a n d  (a - c) (b - c)/c = k _ l / k  1 
= K.  K r e p r e s e n t s  t h e  d i ssoc ia t ion  c o n s t a n t  of t h e  mole-  
cu la r  species C, i ts  rec iprocal  b e i n g  t h e  eq u i l i b r i u m con-  
s t a n t ,  a m e a s u r e  of t h e  a f f in i ty  b e t w e e n  A a n d  B.  

I f  a ~ b, t h e n  (b - c) can  be  t a k e n  as  a p p r o x i m a t e l y  
e q u a l  to  b a n d  c o n s t a n t ,  t h e  f o rmu l a  r e d u c i n g  to  b(a -- c)/ 
c = K ,  or c = ab /Kb ,  or in  t h e  l i nea r  form 1/c = 1/b K / a  
+ :/a. 

I f  in  th i s  s imple  k ine t ic  s y s t e m  one  r ega rds  A as  t h e  
enzyme,  B i ts  s u b s t r a t e ,  C d e n o t i n g  t h e  e m z y m e - s u b s t r a t e  
complex ,  t h e  express ion  r ep resen t s  t h e  Michae l i s -Men ten  
t r e a t m e n t  app l icab le  to  the  l imi t ing  case w h e n  t h e  e n z y m e -  
s u b s t r a t e  complex  does n o t  r e a c t  w i t h  a second  s u b s t r a t e  
to  yield t h e  free e n z y m e  a n d  t h e  p roduc t s ,  as in t h e  case 
w h e n  t h e  e n z y m e  reac t s  w i t h  a n  i nh ib i t o r .  

I f  on  the  o t h e r  h a n d  one  rega rds  c as t h e  a m o u n t  of 
adso rbed  s u b s t a n c e  in moles  p e r  u n i t  v o l u m e  (i. e. b o u n d  
to  a d s o r p t i o n  sites) a n d  a as  t h e  t o t a l  c o n c e n t r a t i o n  of 
a d s o r p t i o n  sites, also in  moles  p e r  u n i t  vo lume ,  b r e t a i n i n g  
i ts  o r ig ina l  m e a n i n g  of s u b s t r a t e  c o n c e n t r a t i o n ,  t h e n  t h e  
fo rmu l a  r ep re sen t s  a l i nea r  t r a n s f o r m a t i o n  of L a n g m u i r ' s  
a d s o r p t i o n  i so the rm.  
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