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SUMMARY: The rate of incorporation of NaHI4CO3 into orotic acid in minces 
of chick oviduct and rat mammary gland was found to be markedly inhibited 
by the addition of adenosine or guanoslne to the reaction mixture. By employ- 
ing various 14C-labeled precursors intermediate in the incorporation of 
bicarbonate into orotic acid, the site of inhibition by purines of the de novo 
biosynthesis of pyrimidines was determined to be the initial reaction in the 
sequence, that catalyzed by earbamoylphosphate synthetase. 

Following the recent observation in our laboratory that uridine or its 

metabolites control the rate of pyrimidine biosynthesis in slices of several 

rat tissues through end-product inhibition of carbamoylphosphate synthetase (I), 

we sought to determine what influence purines might have on the de novo b[o- 

synthesis of pyrimidines under similar conditions. The effects of purine and 

pyrimidine nucleosides on the rate of incorporation of 14C-labeled precursors 

into orotie acid were compared in experiments employing tissue minces of the 

e s t r o g e n - s t i m u l a t e d  chick oviduct and the lac ta t ing  r a t  m a m m a r y  gland. 

Guanosine was found to inhibit the r a t e  of i nco rpora t ion  of NaH14CO3 into 

oro t ic  acid in each  of these  t i s sue s  with equal or  g r e a t e r  e f fec t iveness  than 

ur id ine  (TABLE I). Since 6 - azau r id ine  was employed  to block the f u r t h e r  

m e t a b o l i s m  of o ro t ic  acid in the expe r imen t s  with chick  oviduct ,  the a l t e r -  

nat ive poss ib i l i ty  was examined  that guanosine  or  ur idine was act ing as an 

an tagonis t  of 6 - azau r id ine ,  t h e r e b y  pe rmi t t ing  the c o n v e r s i o n  of o ro t ic  acid 

to UMP r a t h e r  than inhibiting its syn thes i s  de novo. This  a l t e rna t ive  in t e r -  

p re ta t ion  was e l imina ted  following d i rec t  m e a s u r e m e n t s  of the effect  of 
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TABLE I 

SITE OF INHIBITION OF PYRIMIDINE BIOSYNTHESIS 

BY PURINE AND PYRIMIDINE NUCLEOSIDES 

P r e c u r s o r :  NaH14CO.3 
Additions: 

None (Control )  
Ur id ine ,  5mM 
Guanos  lne, 5mM 

P r e c u r s o r :  1 4 C - C P  
Additions: 

None (Control )  
Ur id tne  
Guanos  ine 

P r e c u r s o r :  14C-CA 
Addi t ions :  

None (Control )  
U r  [dine 
Guanos  [he 

I n c o r p o r a t i o n  of P r e c u r s o r  into Oro t i c  Acid 

ch ick  oviduct  r a t  m a m m a r y  gland 
(% Cont ro l )  (% Contro l )  

i00 
I0 

5 

I00 
94 
92 

100 
101 

98 

100 
53 

9 

100 
97 

105 

100 
105 
105 

T i s s u e  m i n c e s  weighing  500 m g  w e r e  incubated  in K r e b s  I m p r o v e d  
R i n g e r  II Solut ion (2) wi th  the i so top ica l ly  l abe l ed  p r e c u r s o r  indicated above ,  
and the ex ten t  of i n c o r p o r a t i o n  of l abe l  into o ro t i c  acid  was  d e t e r m i n e d  
fo l lowing i so la t ion  of the 1 4 C - o r o t a t e  s y n t h e s i z e d  dur ing  the incubat ion 
pe r i od  by  c o - c r y s t a l l i z a t i o n  with  c a r r i e r  o r o t a t e  as  d e s c r i b e d  In a p r e v i o u s  
c o m m u n i c a t i o n  (1). In the  e x p e r i m e n t s  with ch ick  oviduct ,  the t i s s u e  was  
e x c i s e d  fo l lowing  1-3 days  of t r e a t m e n t  with d t e t h y l s t t l b e s t r o l  (5 m g  sub -  
c u t a n e o u s l y  dai ly) ,  the  incubat ion m e d i u m  (10 ml )  was  ad jus ted  to 7.5 m M  
in 6 - a z a u r t d i n e  and 7 .5  mM in b i c a r b o n a t e  (37.5 ~Ci  w h e r e  NaH14CO3 was  
e m p l o y e d ) ,  and the r e a c t i o n  was  a l lowed to p r o c e e d  fo r  3 hr  at 41°C.  14C- 
c a r b a m o y l p h o s p h a t  e (14Cp ) and u re  [do- 14 C _ c a r b a m o y l a s p a r t a t e  (14 C -CA) 
w e r e  e m p l o y e d  at r e a c t i o n  c o n c e n t r a t i o n s  of 5mM (1.3 ~C[) and 2 .5  mlV[ 
(10 ~C[),  r e s p e c t i v e l y ,  w h e r e  indicated.  The  r a t e s  of i n c o r p o r a t i o n  under  
con t ro l  condi t ions  a v e r a g e d  47, 63, and 318 n a n o m o l e s / g m  t i s s u e  • hr  fo r  
NaH14CO3,  1 4 C - C P ,  and 14C-CA,  r e s p e c t i v e l y .  In the  e x p e r i m e n t s  wi th  
r a t  m a m m a r y  g lands ,  the  g lands  w e r e  e x c i s e d  at v a r i o u s  t i m e s  dur ing  
l ac t a t ion ,  the incubat ion  m e d i u m  (20 m l )  was  ad jus ted  to 15 m M  in b i c a r -  
bona te  (50 pCi  w h e r e  NaH14CO3 was  emp loyed ) ,  and the  r e a c t i o n  a l lowed 
to p r o c e e d  f o r  4 h r  at  3 7 . 5 o c .  1 4 C - C P  (1.5  ~Ci)  and 14C-CA (1. 1 pC[)  w e r e  
e m p l o y e d  at r e a c t i o n  c o n c e n t r a t i o n s  of 5ram each,  w h e r e  indicated.  The  
r a t e s  of i n c o r p o r a t i o n  unde r  con t ro l  condi t ions  a v e r a g e d  16, 66, and 782 
n a n o m o l e s / g m  t i s s u e  • hr  fo r  NaH14CO3,  14C-CP ,  and 14C-CA,  r e s p e c t i v e l y  
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guanosine and uridine on the inhibition of orotic acid metabolism by 

6-azauridine; neither guanosine nor uridine, at concentrations up to 5mM, 

relieved the 84% inhibition by 6-azauridine (7.5mM) of 14CO 2 generation 

from carboxy-labeled 14C-orotic acid (3). In the experiments with rat mam- 

mary gland, 6-azauridine was not included in the reaction mixtures. 

While both guanosine and uridine inhibited the incorporation of NaH14CO3 

into orotic acid, neither nucleoside was observed to affect the rate of incor- 

poration of 14C-carbamoylphosphate (14C-CP) or ureido-14C-carbamoylas- 

partate (14C-CA) in either of the tissues examined (TABLE I). Thus the 

purine nucleoside or its metabolites appear to inhibit the de novo biosynthesis 

of pyrimid[nes in both the chick oviduct and the rat mammary gland at the 

same site as does uridine, that is, at the reaction catalyzed by carbamoyl- 

phosphate synthetase. 

The relative sensitivity of the orotate pathway to inhibition by purine 

and pyrimidine nucleosides is illustrated for each tissue in Figures 1 and 2. 

While the incorporation of NaHI4CO3 into orotic acid in the chick oviduct is 

equally sensitive to inhibition by guanosine and uridine (Fig I), the purine 

nucleosides inhibit the de novo biosynthesis of orotic acid in mammary gland 

to a much greater extent (more than 90%) than does uridine (about 50%), with 

adenos ine being more effective than guanosine at the lower concentrations 

(Fig 2). The differences in sensitivity to adenosine and guanosine in mam- 

mary gland may reflect differences in permeability, endogenous pool sizes, 

and the rate of metabolism of the two purine nucleosides, as well as differences 

in the i r  inhibi tory act ivi ty .  

It has been  r e p o r t e d  r e c e n t l y  that  phosphor  ibosy lpyrophospha te  (PRPP)  

s e r v e s  as an ac t iva to r  of the g lu tamine-dependen t  c a r b a m o y l p h o s p h a t e  syn -  

the tase  (4) which r a i s e s  the poss ib i l i ty  that the pur ine nuc leos ides  a re  inhibit-  

ing the i nco rpo ra t ion  of NaH14CO3 into o ro t ic  acid in our s tudies  by deplet ing 

the cel l  of I : 'RPP in the c o n v e r s i o n  of f r ee  pur ine ba se s ,  gene ra t ed  f r o m  the 

added nuc leos ides ,  to the mononuc leo t ides  via the pur ine " s a lvage"  pathway. 

However ,  two l ines  of evidence  a rgue  agains t  this  in te rpre ta t ion :  (1) deple-  

t ion of P R P P  would a l so  inhibit the c o n v e r s i o n  of o ro t i c  acid to  orot id ine  

monophospha te  and cause  an accumula t ion  of 14C-labeled  orota te ;  in fact ,  

m u c h  l e ss  14C-oro ta t e  is isolated in the p r e s e n c e  of pur ines  when NaH14CO3 

is employed  as a p r e c u r s o r  and no change in the amount  of 14C-oro ta t e  i so-  
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FIGURE I. THE EFFECT OF GUANOSINE AND URIDINE ON THE INCOR- 
PORATION OF NaHI4CO3 INTO OROTIC ACID IN MINCES OF CHICK 
OVIDUCT-The experimental conditions were the same as those described in 
TABLE I except that guanosine or uridine was added at the concentrations 
i nd i ca t ed .  The  un inh ib i t ed  a c t i v i t i e s  w e r e  27 and 40 n a n o m o l e s  NaH14CO 3 
i n c o r p o r a t e d  into o r o t i c  acLd /gm oviduct  - hr  fo r  the  s lope  ob ta ined  with  
guanos ine  and u r i d i n e ,  r e s p e c t i v e l y .  

l a t e d  is d e t e c t e d  when 1 4 C - C P  or  14C-CA a r e  e m p l o y e d  as  p r e c u r s o r s  

(TABLE I), and (2) in an e x p e r i m e n t  c o m p a r i n g  the i n h i b i t o r y  a c t i v i t y  of 

n u c l e o s i d e s  and t h e i r  c o r r e s p o n d i n g  n u c l e o t i d e s ,  the i n c o r p o r a t i o n  of 

NaH14CO3 into o r o t i c  ac id  was  inh ib i ted  80% by a de nos i ne ,  A M P ,  o r  A T P  

and 58-68% by guanos ine ,  GMP,  or  GTP ,  each  e m p l o y e d  at a c o n c e n t r a t i o n  

of l m M ;  tha t  t h e s e  low l e v e l s  of n u c l e o t i d e s  would be d e g r a d e d  to the f r e e  

b a s e s  in su f f i c i en t  quan t i t y  to  d e p l e t e  the c e l l s  of P R P P  t h r o u g h  s a l v a g e  

a c t i v i t y  s e e m s  un l ike ly .  

T h e s e  da ta  p r o v i d e  e v i d e n c e  tha t  p u r i n e  n u c l e o s i d e s ,  or  t h e i r  m e t a b o -  

l i t e s ,  inhibi t  the  de novo b i o s y n t h e s i s  of p y r t m i d i n e s  in the in tac t  c e l l  by  

i n t e r a c t i o n  wi th  the  g l u t a m i n e - d e p e n d e n t  c a r b a m o y l p h o s p h a t e  s y n t h e t a s e .  

The  above  o b s e r v a t i o n s  of fe r  an e x p l a n a t i o n  of the r e s u l t s  in an e a r l i e r  s tudy  

by  K_vooth in which  a d e n o s i n e  was  found to r e t a r d  c e l l  g rowth  in c u l t u r e  and 
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FIGURE 2. THE E F F E C T  OF PURINE AND PYRIMIDINE NUCLEOSIDES 
ON THE INCORPORATION OF NaH14CO3 INTO OROTIC ACID IN MINCES 
OF RAT MAMMARY G L A N D - T h e  expe r imen ta l  condit ions were  the s a m e  as 
those de sc r ibed  in TABLE I except  that  pur ine or  pyr imid ine  nuc leos ides  
were  added at the concen t ra t ions  indicated. The ave rage  value obtained in 
these  expe r imen t s  in 8 de te rmina t ions  of the cont ro l  ac t iv i ty  was 19 :~ 2.3 
(S. E, ) nanomoles  of NaH14CO3 inco rpo ra t ed  into oro t ic  ac id /g in  t i s sue  • hr. 

lower  the level  of the enzymes  ca ta lyz ing  the conver s ion  of oro t ic  acid to 

UMP, p r e s u m a b l y  by deplet ing the cel l  of i n t e rmed ia t e s  of the oro ta te  path-  

way which induce these  enzymes  (5). Inhibit ion of the glutamine dependent 

c a rbamoy lphospha t e  syn the tase  by pur ines  might  a lso explain the m o r e  

r ecen t  obse rva t ion  that  adenosine induces pyr imid ine  s t a rva t ion  and cell  

death  in cu l tured  f ib rob la s t s  and lymphoid cel ls  (6, 7). 
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