
in a previous study ~ of nucleic acid synthesis in grow 
n that  the addition of purines or pyrimidines to cul 
d a suppression of isotope incorporation into the bac 
; adenine was used in preference to CO s for nucleic 
~rted to guanine. Uracil was similarly used and conver 
different species have revealed variations in the pat 
~rsion among the purines or pyrimidines as BROWN 2 
variety is also found in the patterns of metabolism of n 
ew of these differences among species it becomes imp 
hich a given species utilizes purine and pyrimidin~ 
msis. 
['he present report describes the results of a system~ 
~n and interconversion of purines, pyrimidines, nu, 
!i, B. The study was carried out principally by means 
od,,4, a,6 in which 14CO2 was the labelled compound. 
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contained in a series of 5o0 i 
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~stematic investigation on the ui 
nucleosides, and nucleotides 

means of the "isotopic competiti~ 

harvested and resuspended 
5o0 ml polyethylene bottles. TI 

:ultures was o.o75, which is equivalent to 5 mg wet weig] 
• M of 14C labelled NaHCO3** and 5 mg glucose were ad& 
mg of a purine or pyrimidine compound was in additi( 
ultures of the series. Supplements included commercial 
yeast adenylic acid (adenosine-3-phosphoric acid,) guanin 

ytosine, cytidine, cytidylic acid, uracil, uridine, uridyl 
]d orotic acid. In a series of experiments on adenine cot 

overtly added carrier, NaHCOa was used. In these expel 
dned in approximately 2.4/~M NaHCO z. The bottles we 
lanically shaken for one hour at 37 ° C. During this peric 
tcose, produced approximately 84/~M of CO s and doubl( 

Na2HPO4, 3 g KH2f'O4, i g NH4C1, 5 g NaCl, 0.2 g MgSO4.7H, ~ 

rained from the Atomic Energy Commission, Oak Ridge Nation 

lizati~ 
E. coli 
method'  ,4, 

E. coli, B, growing in 
20 ml of culture medium" 
initial optical density of all cultur. 
of cells in each culture. 500 t 
to control cultures while I mg 
supplied to the remaining cultures 
available adenine, adenosine, 
guanosine, guanylic acid, c 3 
acid, thymine, thymidine, and 
pounds, NaH14CO3 having no 
ments the isotope was contained in 
securely stoppered and mech~ 
the cells utilized 5 mg of glucose, 

* The medium contained 6 g 
per liter. 

*" Prepared f rom Ba14CO3 obtained 
Labora tory ,  Oak Ridge, Tennessee, 
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ption. Specific ac t iv i t ies  were computed  from thes~ 
nt  de t e rmined  on al iquots  counted  with a thin mic 

er. 

7tilization o~ adenine compounds. Some typ ica l  result 
ucleic acid  synthes is  in the  presence of adenine  co 
I. The d a t a  are r epor t ed  in t e rms  of specific radioac  

FECT OF ADENINE COMPOUNDS ON THE UTILIZATION OF 14CO: 

Spec i f i c  ac t i v i t y  q f  bacterial  nuc le ic  acia 
S u p p l e m e n l  - - 

A den ine  

None (control) 

~ralues in  p a r e n t h e s e s  a r e  t a k e n  f r o m  a s e r i e s  of  e x p e r i m e l  
sed; c], also reference 1. All other values are from high carriel 

ompound  isola ted from hydro lysa t e s  of the ho t - t r i ch  
e bacter ia .  These d a t a  reveal  a number  of facts. Th~ 

l lo (240) 1 Io (23 o) - (45 ° ) I9o (400) 
lO (2) - -  (38o) 

19o (360) 
90 (12o) :Oo (420) 

) e r i m e n t s  in  w h i c h  n o  c a r r i e r  N a H O  
carrier experiments. 

~t-tr ichloracetic acid-soluble  fractiq 
The bac te r ia l  pur ines  of a giv 

: act ivi t ies ,  as do the  pyr imidines .  Add i t ion  of adenine  
d ium causes a m a r k e d  suppression in t4CO2 ut i l iza t ion  t 
genous adenine and adenosine are effect ively u t i l ized t 

are efficiently conver ted  to cellular guanine.  The yea 
: lenosine-3-phosphoric acid) suppl ied  is p resumably  
inch smaller  effect upon the ut i l iza t ion of ~4CO2 than  d 
~rtheless, it  was conver t ed  to po lynucleo t ide  guanine a 
Le. Li t t le ,  if any,  effect upon the bac te r ia l  pyr imid ines  is 
ilar resul ts  are ev ident  whe the r  da t a  from cells cu l tu red  
)or in CO2 are considered.  In  the  exper imen t s  wi th  hi 
/~M per  culture) the  specific r ad ioac t iv i ty  of the  carb 

:5% a t  the  end of one hour  as a resul t  of CO~ produc t i  
ondi t ions of these exper imen t s  the  mean specific ac t iv  
r. Since the cells doubled  in mass dur ing  the incorporat !  
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Yeast adenylic acid 

* Values 
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the com 
of the  
cul ture  have s imilar  specific 
adenosine to the  cul ture  me( 
purine synthesis .  Thus, exo 
nucleic acid synthesis ,  and  
adenyl ic  acid (Schwarz, adenosin: 
na tu ra l  isomer 9. I t  had  a much 
adenine or adenosine.  Nevertheless  
served as a source of adenine.  
be noted.  Qua l i t a t ive ly  s imilar  
med ia  rich or re la t ive ly  poor 
concentra t ions  of CO~ (5oo 
dioxide decreases b y  only 15 
from glucose. Under  the  con: 
a m o u n t e d  to ca. 23o c/s/tzM. 
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ity ca. 480 c/s/ixM. These values reflect the marked is, 
roduction of CO 2 by the bacterial oxidation of glucose 
added to these cultures only 2-22 c/s/~M could be fc 
small amounts of radioactivity could have been 

ds in the absence of supplementation. Consequent 
:ity to utilize exogenous adenine and adenosine was p: 

experiment and adaptation to the supplement did 1 
~tili~ation o~ guanine compounds. Exogenous guani 
suppress incorporation of 14CO 2 into bacterial guani 

F E e T  O F  G U A N I N E  C O M P O U N D S  O N  T H E  U T I L I Z A T I O N  O F  1 4 C O  

Specific activity of bacterial nucleic acid 
S upplement 

to the results of adenine supplementation, tl 
in the presence of the guanine compounds con 
Thus, there is relatively little conversion of gu~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r . . . . . . .  w,~ e~-,- J 

4denine Guanine Cytidylic acid Uridylic acid 

I 9 o  
I5O 
220 
230 

the polynucleotide adenine 
contains appreciable x~C deriw 

'uanine-containing supplemen 
compounds are poorly, if at all, converted to bacteri 
AND EVANS TM, on the other hand, have shown some eo~ 

e where cells were adapted to lactate. 
• compounds. When cytosine, cytidine or cytidylic acid a 
they strongly influence the utilization of a4CO2 for pyrimh 
mrine synthesis. Table I I I  indicates that  both bacteri 
re found to have much lower specific activities when gro~ 
e pyrimidine supplements than when grown in a mediu 
e as the only carbon sources. The exogenous pyrimidin 
ioactivity of the bacterial purines. Table IV demonstrat  
tcil, uridine and uridylic acid supplementation. Comparisc 
[ IV shows that  the pyrimidine compounds are quite free 
ement is readily utilized as a source for both bacteri 

N o n e  (cont ro l )  i i o  
G u a n i n e  i I o 
G u a n o s i n e  ioo  
G u a n y l i c  ac id  7 ° 

In contrast 
cells grown 
from 1aco2. 
to bacterial adenine. These 
pyrimidines. KOCH, PurN.a~r 
version of guanine to adenine 

Utilization o~ pyrimidine 
supplied to growing bacteria 
ine synthesis but not for purme 
cytidylic and uridylic acids are foun( 
in the presence of one of the 
containing 1~CO2 and glucose 
have no effect upon the radioactivi 
a similar set of results for uracil 
of the data of Tables I I I  and 
interconvertible: each supplement 
cytosine and uracil. 
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ECT OF C Y T O S I N E  C O M P O U N I ) S  ON T H E  U T I L I Z A T I O N  OF 14C(J  

Specific activity o[ baderial  nucleic acid o 
s u p p l e m e n t  

• ~ den in c (; u a~ in e Cv/ idy t  id 

None (control) 14(> 
Cytosine l 2o 
Cytidine L 2o 
Cytidylic acid ~ 2o 

F E C T  O F  U R A C I L  C O M P O U N D S  O N  T H E  U T I L I Z A T I O N  OF l t C ( )  2 

Specific activity of bacterial nucleic ac id ,  
S u p p l e n l c . t  . . . . . . . . .  

A d en i n e  ( ;aaninc  C~,,tidyli, 

None (control) 

['he data  presented in Tables I - I V  demonst ra te  tha t  
ounds similar to those which comprise its nucleic acid 

1 4 0  I 10  1~O 2 1 0  
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E. coli, B, utilizes exogeno~ 
acid in preference to synthesizfi 

:ore carbon dioxide. The interconversions which occur a 
nine is conver ted  to guanine  and  cytosine to uracil. Ura~ 
cytosine. The purines  are not  conver ted to pyr imidines  n 
The nucleosides s tudied are uti l ized with equal or great 
synthesis than  are the free bases while the relative effectiv 

indicative of the versatile synthet ic  abilities of these cel 
growth inhibi t ion,  lag nor  other adapt ive response to tl 

midine compounds.  Fur thermore ,  even though CO 2 w 
nes tha t  of the purine or pyr imidine  compound,  in m a n y  
a carbon source for pur ine  or pyr imidine  synthesis  was ; 
nferred then  tha t  the biochemical  act ivi t ies shown by t 
~ally in operation.  I t  may  also be inferred tha t  a series 
: guanosine:  guanyl ic  acid is involved in, or in equi l ibl iu  

1 ;racil t I o 
"ridine 15 ° 

l'ridylic acid ~ 30 

The 
compounds similar 
these const i tuents  de novo from 
relat ively specific. Thus, adenine 
in t u rn  gives rise to cellular c 
the pyr imidines  to purines. The 
effectiveness for nucleic acid s 
ness of the nucleotides is variable.  

These observations are indicat 
The cultures showed nei ther  
presence of purine or pyr imidine  
supplied at a level 5o-Ioo  t imes 
the cultures its funct ion as a 
bu t  el iminated.  I t  may  be infe 
da ta  of Tables I - I V  are normall. 
compounds  such as guanine  
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tragement i n  t h e s e  s t u d i e s .  

iJtilization of pur ine  and  pyr imid ine  c o m p o u n d s  by  growing 
he aid of 14COy I t  was  found  t h a t  aden ine  and  adenos ine  w 
yn thes i s  in preference  to x4CO~ and  were conver ted  to bacte  
la t ive ly  poor ly  uti l ized.  Guanine ,  guanos ine ,  and  guanyl ic  acid 
ae b u t  were poor ly  conver ted  to adenine .  Cytosine,  cyt id in  
ridylic acid were uti l ized as sources  for bo t h  bacter ia l  cyto,. 
ne, t h y m i d i n e  acid or orotic acid could be d e m o n s t r a t e d  by  

. ' u t i l i sa t ion  des composds  pu r i ques  e t  py r imid iques  par  E. co 
e 5, l 'a ide de 14COv L ' ad6n ine  et  l ' ad4nos ine  son t  util is6s e 
nucldiques,  de prdfdrence ~ 14CO 2 et  son t  t r ans form~s  en guani i  

evure  es t  r e l a t i v e m e n t  peu  utilis6. L a  guanine ,  la guanos ine  et 
e source  de guan i ne  bac tdr ienne  ma i s  son t  f a ib lement  t r an s  
idine, l 'acide cyt idi l ique,  l 'uracile,  l 'u r id ine  et  l 'acide uridyl 
tosine et d 'urac i le  bact6r iennes .  L 'u t i l i sa t ion  de la thymin~ 
ue n ' a  pu  ~tre ddmont rde  5. l 'a ide des n%thodes  mises  en oeu 

)er  Ve rb rauch  von  Pur in -  und  P y r i m i d i n v e r b i n d u n g e n  von  
mi t  HiKe yon 14CO= un t e r such t .  Es  wurde  gefunden,  dass  A 

yn the se  d e m  x4CO~, vorgezogen wurde  und  in Bakter iengu:  
ls/~ure wurde  in re la t iv  ger ingen Mengen  ve rb rauch t .  Gua  

Quelle ffir B a k t e r i e n g u a n i n  verwende t ,  wurden  jedo, 
n ~lm ffax~r~ n d~]t- ~'~ rt-neln ~rt-{ ,~lln (~xr~-icl ~rlc~,~ r~ I TroelI lTrl  

l anos ine  et l 'acide guanyl ique ,  s en t  emp loy  
t r ans fo rm6es  en adenine.  La  cy tos in  

yl ique s en t  uti l is6s c o m m e  s o u n  
m~ine, de la t h y m i d i n e  et de l ' a ck  

uvre.  

wachsenden  Escherichia co/i, l 
dass  Aden in  und  Adenos in  zur  Nuclei1 

guan in  u m g e w a n d e l t  wurde.  Hef  
Guanin ,  Guanos in  und  Guanyls / iu  

och n u r  in ge f ingem Aus lnass  i 
2ytidin,  CytidylsSmre, Uracil, Ur id in  und  UridylsS, ure wurden  a 
ld -uracil  verwendet .  Bei B e n u t z u n g  dieser Methode  konn te  kei 
in oder Orots/ iure festgestel l t  werdeu.  
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