
Fhe mechanism of formation of adenosine-5'-phosph( 
elation of adenosine has been well established throu 
ZAKOWEC 2, CAPUTTO 3 a n d  KORNBERG AND PRICER ~, 

mrine, adenine, in nucleotide formation has received 1 
~sinic acid, however, from hypoxanthine s or from pur 
!ormate 6 is currently the subject of intensive investi~ 
poration of labelled adenine into the ribonucleic acid 
Ls found that these preparations could readily conw 
otides. The formation of acid-soluble nucleotides fr 
demonstrated in perfused rabbit liver*** and in mk 

nunication is the start of a study of the pathway ot 
ine. 

Adenine-8-14C hydrochloride was prepared by  CLARK AND Kt 
;ponding to 2.1 • io 5 c.p.m.//~M using an end window counter  

total  weight of less than  o.I mg were plated directly as i c 
hough counts  registered to ensure 3-4 % accuracy. 
Fhe homogenates  were prepared and incubated as previousl~ 
t the reaction was s topped by  chilling and addition of cold pert 
~. The acid-insoluble material  was removed by centrifugation 
~tides were precipi tated as the bar ium salts according to the 
Column ch roma tog raphy  of the nucleotides was carried out  a 
a slight modification which is discussed later. Paper  chrom2 

KALCKAR 9 and contained 0.8 #C//~ 
window counter  of about  i2 % efficiency. Samp 

cm ~ circles on a luminum planch~ 

previously describedL After the incubati  
~erchloric acid to a final concentrat i  

ation. In  some exper iments  the solut 
method of LE PAGE 10. 

according to the method of Corn 
ch romatography  was done on W h a t m  

~d solvents and the spots were detected under  a mineralight.  
adenosine-5-phosphates,  and hypoxanth ine  were done by  different 
ording to KALCKAR 12 and for adenine by the method of KLENOV 
ctrophotometer .  

RESULTS AND DISCUSSION 

~xanthine 

5 tzM of adenine-8 -14C hydrochloride for 9 ° minutes wi 
~out o. 5 g of tissue, the acid-soluble fraction was extract 
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denine for 13o minutes ,  1.58 i,:l[ of hypoxanth ine  ' 
/ ,M recovered after incubat ion  wi thout  added adenir  

e was no direct formation of hypoxanth ine  from ade: 
)ns were found to contain no xanth ine  oxidase, in 
'GAN 16, there can be no quest ion of the oxidation of a 
e been derived directly from adenine.  
The disappearance of labelled adenine and  the appea 

Lied as a funct ion of t ime in order to clarify the m 
lied hypoxanth ine .  Seven ml of a ~5 % homogenate 
l I / , M  of labelled adenine, aliquots were removed at tt 
cold o, xo/o perchloric acid. The acid-soluble fraction 

acted eight t imes with 2 volumes of water-satur~ 
"edure was found to be sufficient to remove all the 
d butanol-soluble fraction was dissolved in a small v 
paper  chromatography in the bu tanol -water  syste  
t ion which conta ined  the soluble nucleotides and  ir 
ography in the propanol,  water,  ammonia  system of 1 
~g each of AMP, ADP, ATP and  inosine added to tt  

w e  
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/ " ×  e x  

x / /  "- . . . . . .  

rne outanot-somme isotope. ; 

volume of water  and examil 
;stem, and the butanol- insolu 

mosine was examined  by cl~ 
's tem of M A N E S  A N D  [ S H E R W O O D  1~, W 

the paper as carriers. The s F 
were eluted and the eluates dr 
and counted. The results of i 

:periment are shown graphic~ 
i.  The curve 

"-- .  ~ "nucleot ides" represents the s 
× ~ ~ of the 1~C content  of the Sl: 

~ - .  representing AMP, ADP, ATP 
/ - -  - . . ×  another  substance which had 

,~ypo~o,~h~ RF between that  of AMP 
ADP. This material,  as yet  
identified, appears to be an a 
nine nucleotide bu t  is not ident  

~ ' ' ~ with those already ment ione(  50 60 70 80 90 

with adenylic acids "a" and " { hypoxanthine from adenine 
"or experimental details see or with any  of the 

adenine or hypoxan th ine  c( 
es accounted for all of the isotope conta ined in the buta~ 
n of the ~4C contents  of the compounds isolated from b 
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a in Fig. 2. In this experiment 
~i r of adenine-8-1~C were incu- 

at 37° f°r 2° minutes w i t h a  pigeon homogenate t°~ ~ '°7 ! ~  • iii~ l of liver o.~ k ~i 
ining about 2 g of tissue. After I ---~ 
eaction was stopped and the ~ /  ~ ~ 
insoluble material  removed, the 0.<:- ~i 
m nucleotides were precipi- 
. The precipitate was washed o~ ~i 
ughly, dissolved in cold I M .i ......... 
)chloric acid and the barium 
red as the sulfate. The pH w a s  Fig. 2. Ion-exchange 
brought to 5.6 and the nucleo- after incubation of pJ 

!raction separated into its con- 
rots on a column (I cm × I c m  2) of Dowex-I in the 
it was found that  the unidentified nucleotide-like m 
r was not adsorbed to the Dowex column when the 
AMP was. At pH I I  which is usually used for tt 

otides ~° both AMP and the unknown nucleotide are 
is difference in behaviour on the ion-exchange resin 

amount of the unknown nucleotide. The unadsoi 
.in adenine, ribose and phosphorus but not enough 1 

nine-8-14C.  F o r  e x p e r i m e n t a l  d e t a i l s  see  t e x t .  

chloride form. 
material which was mention( 

input solution was at pH 5 
the separation of the adenii 

adsorbed completely. By u 
it was possible to separate 

unadsorbed material was shown 
has been obtained to chara 

,eriments this material contained almost one-half the adde 
o he potentially important in adenine metabolism in th 

h was eluted from the column the total ~4C content, p 
~re determined. In addition, an aliquot from the maximu 
~s analyzed for AMP, ADP and ATP by the use of adenyl 
ration of potato apyrase n. In the case of the peaks calle 
laterial absorbing light at 260 m~ was recoverable as tt 
~r, the content of ATP determined enzymically was abol 
:he ultraviolet absorption, showing contamination in th~ 
robably can account for the lower relative count obserw 

the AMP and ADP indicated a four-fold dilution of tl 
~tion of these compounds. 
alcohol soluble fraction by paper chromatography showe 

stituents 
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nts  of the  nucleoside ought  to d i lu te  t i le  final AMP o] 
ed  was ob t a ined  f rom the to ta l  nucleot ide  f ract ion se F 
e butanol ,  wa te r  sys tem.  This  f rac t ion was then  st 
ot ides by  ch roma tog raphy  in the  propanol ,  water ,  
;h an expe r imen t  are ind ica ted  in Tabh- z. Whi le  the  A 

S P E C I F I C  A C T I V I T I E S  O F  C O M P O U N D S  I S O L A T E D  AI, 

W I T H  L A B E L L E D  A D E N I N E  IN  P R E S E N C E  O F  L ' N L A B  

1 of 2o % pigeon liver homogenate incubated to minutes at 37 

Compound 

AMP 
Adenosine 
Adenine 

e presence of adenosine d id  have  a specific ac t iv i ty  
ned  from p repa ra t ions  conta in ing  no adenosine,  the  fa 

lower specific ac t iv i ty  than  the  AMP demonstrate~ 
)recursor  of AMP.  The nucleot ide  was formed b y  at  
n ly  b y  phosphory la t ion  of adenosine,  bu t  also from a 
~tion of adenosine as an in te rmedia te .  This second 1 

apprec iab ly  lower than  AN 
fact  t ha t  the  adenos ine  isolah 

s t ra tes  tha t  adenosine was not  tl 
least  two d is t inc t  p a t h w a y  

adenine  wi thou t  the  necessa 
p a t h w a y  might  be somethil  

L of r ibose - I ,5 -d iphospha te  wi th  the  pur ine  to form AN 
/his m a y  also be the  case in the  fo rmat ion  of inosinic ac 
ORN AND BUCH:\NAN TM have d e m o n s t r a t e d  does not  proce. 
rma t ion  of inosine. The ve ry  small  fall in specific ac t iv i  
:ates t ha t  there  was no apprec iable  hydro lys i s  of adenosi  
ve accounted  for the  di lut ion of isotope in AMP;  i t  al 
t ec tab le  pool of adenine  in this  t issue. 

n t ra te  the  enzyme or enzymes  involved  in AMP format i  
mb jec t ed  to high speed centr i fugat ion.  The separa t ion  w 
Eel L p repa ra t ive  u l t racent r i fuge  at  8 i ,ooo g for 6o minut  
A small  amoun t  of fat  f loat ing on the surface was discard~ 

ienate, including the  r econs t i t u t ed  whole homogenate ,  w 

in the  
ob ta ined  
h a d  a 
sole 1: 
not  onl 
f o r m a  
like the  d i rec t  condensa t ion  
and  inorganic phospha tO  8. This 
f rom h y p o x a n t h i n e  which KORN 
th rough  the in t e rmed ia te  format ion 
of the  i sola ted  adenine indical  
to adenine which might  have 
indica tes  t ha t  there  is no de tec tab l (  

Fractionation o[ the enzymes 

In  an a t t e m p t  to concent 
the  crude homogena te  was sub 
carr ied  out  in a Spinco model  
y ie ld ing  a clear supe rna tan t .  
Each  f rac t ion of the  homo8 
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Fraction 

Whole homogenate  
Sedimentable fraction 
Superna tan t  fraction 
Superna tan t  

+ sedimentable fraction 
\Vhole homogenate stored at  

- - 2 o  ° for 2 days 

7he a u t h o r  is g r e a t l y  i n d e b t e d  to  P r o f e s s o r  H.  M. KAL( 

le c o n s t i t u e n t s  of  t h e  cell  a n d  t h a t  t h e r e  is l i t t l e ,  if  

on.  I t  c a n  also b e  s e e n  t h a t  t h e  e n z y m i c  a c t i v i t y  is h 

g e n a t e  a t  low t e m p e r a t u r e .  S u b s e q u e n t  e x p e r i m e n t :  

igh  s p e e d  s u p e r n a t e  c a n  b e  s t o r e d  in  t h e  f rozen  s t a t  

ity. F u r t h e r  a t t e m p t s  a t  p u r i f i c a t i o n  of t h i s  e x t r a c t  0 

['he a u t h o r  is g r e a t l y  i n d e b t e d  to  P r o f e s s o r  H .  M. KAL~ 

Lbelled a d e n i n e  a n d  for  h i s  c o n s t a n t  s t i m u l a t i n g  disc~ 

te w i t h o u t  a p p r e c i a b l e  loss  

of p i g e o n  l i v e r  a re  in  p rogre ,  

KALCKAR for  g e n e r o u s l y  supplyf l  

d i scuss ions ,  g u i d a n c e  a n d  c r i t i c i s  

figeon liver has been shown to form 5-adenylic acid and its phc 
nine. The formation of adenylic acid has been shown to occur 1 
: t ly from adenosine and the other from adenine wi thout  the int~ 
de. The enzymes responsible for the formation of adenine nucleotid 
luble fraction of the homogenate after high speed centrifugation. 
tha t  hypoxanthine  is not  derived directly from adenine in pige 
of an unidentified adenine compound, probably a nucleotide, whi 
ne metabolism has been reported. 

l 'un extrai t  acellulaire de foie de pigeon transforme l 'ad~nine 
riv6s phosphoryMs. La formation d'acide ad6nylique a lieu sel 
t de l 'ad6nosine et l 'autre de l 'ad6nine sans appari t ion interm6diai 
nsables de la formation des ad6nine nucl6otides g part i r  de l 'ad~ni 
ble d 'un  homogdnat apr~s centrifugation /t grande vitesse. 
pas directement de l 'addnine dans les homogdnats de foie de pigeo 

d 'un  d~riv~ de 1'adenine, non identifid, probablement  un nucl6otid 
le m6tabolisme de l 'ad6nine. 

a c t i v i t  

Th,  

t h e  l a b  

d u r i n g  t h e  c o u r s e  of  t h i s  work .  

A cell-free preparat ion of 
phorylated derivatives from adenine. 
a t  least two pathways;  one directl. 
mediate formation of the nucleoside. The 
from adenine are found in the soluble 

I t  has been demonstra ted th~ 
liver homogenates. The presence 
is potential ly impor tan t  in adenine 

Les auteurs ont montr6 qu 'un  
acide 5-ad~nylique et  en ses d~riv~! 
deux voies; l 'une par t  directement de 
de nucl~oside. Les enzymes responsables 
se t rouvent  dans la fraction solul 

L 'hypoxanth ine  ne provient  ]~ 
Les auteurs signalent l 'existence 
qui joue un r61e impor tan t  dans 
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a b e l l e d  a d e n i n e  for  3 ° m i n u t e s  al  

le n u c l e o t i d e s  we re  p r e c i p i t a t e d  

a m o u n t  of n u c l e o t i d e  d e t e r m i n e  

d e t e r m i n e d .  T h e  ef fec t  of storag~ 

e rmined .  T h e  r e s u l t s  of t h i s  expe l  

t i v i t y  of t h e  f r a c t i o n s  a re  express{  

le n u c l e o t i d e s  f o u n d  in t h e  who le  

TABLE I t  
O F  P I G E O N  L I V E R  H O M O G E N A T E  I N  F 

g U C L E O T I D E S  F R O M  A D E N I N E - ~ - 1 4 C  

Relative activity 
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