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Experiments  on human and ra t  bone mar row cells in culture showed that the efficiency of 
synthesis  of pyrimidine nucleotides by the emergency  route (from ci4-uridine) is several  
t imes  higher than the efficiency of its synthesis de novo (from ci4-orot ic  acid). 

Exper iments  on cul tures  of human and rat  bone mar row cells  have shown that the efficiency of syn- 
thesis ofpyr imidine nucleotides bythe emergency  route (from C14-uridine) is several  t imes higher  than the 
efficiency of their  synthesis de novo (from ci4-orot ie  acid). The bone mar row has ve ry  limited ability to 
synthesize purines [5, 6, 8, 9]. Biosynthesis  of pyr imidines  de novo evidently does take place in the bone 
mar row,  but it is not the principal  way for the activity of enzymes such as d ihydro-orot ic  acid dehydrogen-  
ase is ve ry  low. It is also known that about half of the requirement  of thymidyl nucleotides in the bone 
mar row is provided by reuti l izat ion of thymidine [3]. 

The relat ive importance of the pathways of pyrimidine biosynthesis  f rom ci4-orot ic  acid (de novo) 
and f rom C14-uridine (emergency route) in bone mar row cells were studied in this investigation. These r e -  
sults may be of interest  both for  the development of pathogenetie t rea tment  of hematopoietic dis turbances 
and also for  bone mar row conservation.  

E X P E R I M E N T A L  M E T H O D  

Human bone mar row was prepared  in solution No. 3 of the Central Institute of Blood Transfusion in 
the rat io 1 : 1. Any e ry throcy tes  present  were removed by decanting the suspension of bone mar row cells  
f rom the residue of e ry throcy tes  formed after  30 min. The procedure  was repeated twice. The bone m a r -  

row cells were sedimented by centrifuging and suspended in 
TABLE I. Utilization of Cl4-Asp, 2- 
Clt-Oro, and 2-Ci4-Urd during 18 h 
for Nucleic Acid Synthesis in a Culture 
of Human Bone Marrow (ppm/# g) 

Expt. No. Prect~sor RNA DNA 

Ci4-Asp 25,8-----3,6 9,3+0,7 
l 2-Clt- Oro 136,3~9,0 41,9~6,1 

2-C i4- Urd 333,7 + 19,0 83,6----- 13,2 
P <0,001 <0,02 

2-C 14- Ota 
2-C 14- Urd 

200--- 11,0 
472-*-45 
<0,001 

38,7+2,6 
71,8• 
<0,01 

incubation medium [45% Eagle ' s  medium, 45% of a 0.5% lac ta l -  
bumin hydrolyzate in Hanks'  solution, 10% group AB ('IV) se-  
rum,  and 50rag Na2EDTA to 100 ml medium]. Each incubation 
sample contained 4 �9 106 cells  in a volume of 2 ml. Incorpora -  
tion of uniformly labeled Cl4-Asp, 2-Ci4-Oro, and 2-Ci4-Urd* 
into RNA and DNA of the bone mar row cells  was investigated. 
The quantity of isotope added to the sample was:  Ci4-Asp, 2 
#Ci, and 2~Cl4-Oro and 2-C!4-Urd, 5 #Ci each. Incubation 
continued for  18 h. 

In the experiments  on bone mar row cells ,  male Wistar  
ra ts  weighing 200-250 g were decapitated. The bone mar row 

�9 Asp - aspar t ic  acid, Oro - orotic acid, Urd - uridine. 
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was flushed out of the f e m o r a  with incubation med ium [90% 
med ium No. 199, 10% group AB (IV) s e rum,  and 0.3 mg 
hepar in  to each 100 ml medium].  The incubation samples  
contained 4, 8, 16, and 50 mil l ion ce l l s  in 2 ml .  2-Cl4-Urd 
and 2-C14-Oro were  added to s amples  containing this num-  
ber  of cel ls  in doses  of 0.5, 2, and 8 ~Ci. The ce l l s  were  
incubated at 1.5 h at 37~ and then washed three  t imes  
with cold 0.9% NaC1 solution. Incorpora t ion  into th ree  
pyr imid ine  nucleotide s, RNA, and DNA was have st igated.  
The mean va lues  of the r e su l t s  of three  para l l e l  expe r i -  
ments  we re  analyzed.  The specif ic  act ivi ty  of the p r e p a r a -  
t ions was :  2-C14-Urd, 8 # C i / # m o l e ;  2-C14-Oro, 25 # C i /  
#mole;  and C 14 Asp,  80 # C i / ~ m o l e .  

Isola t ion of the Three  Pyr imid ine  Nucleotides,  RNA, 
and DNA. The three  pyr imid ine  nueleot ides  were  isolated 
by the method of Bresn ick  [2]. RNA was hydrolyzed in 2 
iill 0.3 N KOH at 37~ for  18 h. DNA and prote in  were  p r e -  
c ipi ta ted with 0.25 ml  5 N HC104 and the res idue  was 
washed twice with 0.5 ml  0.5 N HC104. DNA was  hydrolyzed 
in 2 ml 0.5 N HC104 in an u l t r a t he rmos t a t  at 90~ for  15 
mill. The res idue  was washed with 0.5-1.0 ml 0.5 N HC104. 
The content of RNA and DNA was de te rmined  spec t rophoto-  
me t r i c a l l y .  Radioact iv i ty  of the s amples  was  m e a s u r e d  on 
a Nuclear  Chicago Mark  1 liquid scint i l lat ion counter .  

EXPERIMENTAL 

As was  pointed out above, the sample  of 2-C14-Oro 
r162 had a specif ic  act iv i ty  three  t imes  higher  than 2-C14-Urd, 

and this mus t  have led to g r e a t e r  ut i l izat ion of 2-C14-Oro 
r 

than of 2 - c t 4 - U r d  by the bone m a r r o w  cel l s  if the de novo 
and e m e r g e n c y  routes  we re  equally efficient.  However ,  as 
the r e su l t s  in Table 1 show, incorpora t ion  of 2-C14-Oro in-  
to RNA was only one- th i rd ,  and into DNA only one-hal f  of 
incorpora t ion  of 2-Ct4-Urd during incubation of a cul ture 

<D 

of human bone m a r r o w  cel ls  for  18 h. 

=~ To rule  out any effect  of d i f fe rences  in the supply of 
cc endogenous Oro and Urd on the i r  ut i l izat ion,  expe r imen t s  

were  c a r r i e d  out with different  number s  of r a t  bone m a r -  
row cel l s  and different  quanti t ies of labeled p r e c u r s o r  
(Table 2). The r e su l t s  showed, f i r s t ,  that  2-C14-Urd is 
ut i l ized many  t imes  m o r e  than 2-C14-Oro. Second, they 

C~ 
showed that the incorpora t ion  of 2-Ct4-Urd inc reased  a l -  
mos t  in propor t ion  to the number  of ce l l s  and, consequent-  
ly,  uridine was  p r e sen t  in excess  in the med ium and no s ig -  
nif icant  dilution with endogenous unlabeled Urd took place .  
Incorpora t ion  of 2-C14-Oro inc reased  by a much s m a l l e r  

i l  degree  than the number  of ce l l s .  Third,  the r e su l t s  showed 
�9 that  an inc rease  of 4 and 16 t imes  in the content of 2-C 14- 

Urd was  accompanied  by only a slight i nc rease  in the in-  
corpora t ion  of 2-C14-Urd into f ree  pyr imid ines ,  RNA, and 
DNA, whe rea s  an inc rease  in the content of 2-C14-Oro led 
to a v i r tua l ly  l inea r  i nc rease  in the act ivi ty  of f ree  p y r i m -  
idines,  RNA, and DNA. 
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The r e su l t s  of these  expe r imen t s  can be cons idered  f r o m  the standpoint of the ra t io  between the en-  
zyme and subs t ra te  concent ra t ions .  By increas ing  the number  of ce l l s  in the sample ,  the concentra t ion of 
enzymes  catalyzing the convers ion  of Oro and Urd was increased .  By changing the quantity of labeled Oro 
and Urd added, the subs t ra te  concentra t ion was changed. Consequently,  the concentrat ion of Urd c rea ted  
by a dose of 0.5 ~Ci was  c lose  to the sa tura t ing concentra t ion for  all s amples  with the different  numbers  
of cel ls .  The ve loc i ty  of the reac t ion  cata lyzed by ur id ine  kinase was nea r  to its max imum with this con-  
centra t ion of Urd.  In the case  of Oro this sa tura t ion concentrat ion could not be found. The veloci ty  of the 
reac t ion  ca ta lyzed  by oro t id ine-5-phosphate  pyrophosphory lase  did not r each  its m a x i m u m  even with the 
highest  concentra t ion (8 #Ci) of 2-C14-Oro. The r e su l t s  of these  expe r imen t s  to compare  the inco rpora -  
tion of c i4 -Urd  and C14-Oro with equal specif ic  act ivi ty  of the p r e p a r a t i o n s  (8 ~Ci/~mole) also revea led  a 
lower  level  of 2 - c i 4 - O r o  incorporat ion than when i ts  specif ic  act ivi ty  was 25 ~ C i / # m o l e .  This  indicates  
that  the inc rease  in the ve loc i ty  of the Oro uti l ization react ion  produced by an i nc rea se  in subs t ra te  con-  
centra t ion is  abolished by threefold  dilution of the label .  The r e su l t s  in Tables  1 and 2 indicate that  the de 
novo pathway in human and ra t  bone m a r r o w  is much less  efficient than the uti l ization of pyr imid ine  nucleo-  
s ides ,  whether  l ibe ra ted  by breakdown of the nucleic acids of the cor responding  t i ssue  or  t r anspor t ed  f r o m  
other  o rgans  pos se s s ing  a g r e a t e r  capaci ty  for  de novo synthes is  (among which the l i ve r  p lays  an imp o r -  
tant r o l e ) , f o r  the synthes is  of pyr imidine  nucleot ides .  

The two f o r m s  of uridine kinase found by Krys ta l  [4] a r e  evidence of d i f fe rences  in the abil i ty of t i s -  
sues  to util ize nucleos ides .  Uridine kinase I, with a mo lecu l a r  weight of 120,000, is dominant in the adult 
l i ve r  and in slowly growing t u m o r s .  Uridine kinase l'I, with a m o l e c u l a r  weight of 30,000 , is predominant  
in rap id ly  pro l i fe ra t ing  t i s sues .  Matsushi ta  et al.  [7] invest igated the re la t ionship  between the synthes is  
of pyr imid ine  nucleot ides f r o m  H~-Oro and H3-Urd in the hea r t  musc le  of r a t s  and found that this  t i s sue  
was be t te r  able to uti l ize H3-Urd. The w r i t e r s  have shown that E h r l i c h ' s  a sc i t e s  tumor  of mice  is m o r e  
ab le  to incorpora te  c i4-ur idine  and H3-thymidine than the l i ve r  of heal thy mice  and the l ive r  of mice  with 
t umor s ,  but is l e s s  able to uti l ize c i4-Oro.  
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