
?he metabolism of both carbon and nitrogen labelled 
sively studied by BROWN and his colleagues. Thus it 
ilised for the synthesis of polynucleotide purines, tha 
md excreted as allantoin 1, that  high doses caused kid 
fition of 2:8-dihydroxyadenine 2, but  that,  surprisin~ 
to be used as a precursor of muscle adenosine-5'-tri 
l labelling of polynucleotide purines in ribo- and d 
us visceral organs of the rat  a showed that  polynucle 
[mited to the ribonucleic acid unless the organ was u 
:yribonucleic acid was also formed. 
kpart from the muscle ATP referred to above, none o 
: viscera had been investigated as adenine metabolite 

t h e n ,  GOLDWASSER 4 has described some experime~ 
genates, and a fuller account by BENNETT 5 shows 
9olism by the C57 mouse. A preliminary announcelr 

kdenine-8-14C was prepared by  the method  of CLARK AND KAI 
ented on this method oi p repara t ion  of 8-labelled adenine a 
t the  isotopic yield from sodium formate  was  ca. 5o %. 

,,tabolites when this work was begu 
)enments on cell free pigeon liv 

a general picture of adeni~ 
announcement of the present work h~ 

A N D  K A L C K A R  7.  A B R A M S  A N D  C L A R K  8 ha, 
and their  criticisms are confirm~ 

~re made on a Unicam SP 5oo spectrophotometer .  Concentratiol 
ng the following molar  ext inct ion coefficients at  26o m/,  and p H  
fine, 12,8oo; guanine,  8,2oo; adenosine phosphates ,  14,2oo; (Priva 
COHN. See also COHN 9 and CoaN AND CARTERX0), 
were made on a windowless gas-flow (methane) counter  operatil  
:ibed by  TAYLOR AND SaARPE lt. Solutions to be counted were plat~ 
decreasing volumes unti l  the calculated specific activities (coun 
or each volume (means varying by  less than  5 % from extreme 
~sorption. Backgrounds  and samples were counted sufficiently lm 
than 4 % in a lmost  all cases. Two or three fractions were countc 
~and to confirm the constancy of the specific activity.  
he method of ALLEN lz. 
nodified 13 method of MEJBAUM 14. 

I and 2 (anion exchanger) and Zeokarb 215 (cation exchange 
tional methods  of copious solvent extractions.  

," adenosine di- and t r i -phosphate  fractions was kindly est imated t 
0 Ins t i tu te ,  Universi ty  of Cambridge.  

~lllCe 

homol 
metabolism 
also appeared 6. 

Adenine-8-14C 
commented  
in t h a t  1: 

Ultraviolet measurements were 
of subs tances  were computed  using 
(o.oi N HC1 or formic acid) ; adenine, 
communica t ions  f rom Dr. W. E. 

Radioact ivi ty  measurements 
in the propor t ional  range as described 
ou t  on a luminium planchets  in 
per minute  per  /~mole) agreed for 
showing negligible loss by  self-absor 
to give a s tandard  error of less t han  
f rom each ion-exchange elution band  

Phosphorus analyses - -  by  the 
Pentose analyses - -  by  the modified 1 
Ion-exchange resins. Dowex 

were prepared for use by  conventional  

"Cold" - -  means o-4 ° C 

Energy-rich phosphate in the 
Dr.  E. C. SLATER 15 of the Molteno 
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e mono-, di- and tri-phosphates) or the longer (I0 × : 
~olvents used in the lat ter  case were o.o02N HC1, 

HC1/o.IM NaC1.17 Acid hydrolysis of the acid-solub: 
~t 72 % perchloric acid (1V[ARSHAK AND VOGEL 18) follow 
ation using the isopropanol/HC1 solvent described 
m nucleates (Exp. I) by the method of PLENTL AND 
kaline hydrolysis (ca. I ml I N  KOH/Ioo  mg sodium [ 

hours). Neutralisation with cation exchanger and a 
9recipitated the DNA fraction. Acid hydrolysis form( 
otide supernatant  which were separated on paper  as 

:~xp. i .  Approximate  specific act ivi ty of adenosine phospha t  
liver and of ribonucleic acid purines 2 hours  after  injection 

~hates from the acid-soluble fracti( 
(o.2o mmole/kg) of adenine-8 -1~ 

nucleotide from acid solubles 

- -  by  hydrolysis  
te m onophospha t e  fraction 
Le d iphosphate  fraction 
te t r iphospha te  fraction 

eic acid purines 

specific activities recorded above was due to the presence of no 
:ts. This effect was eliminated by  the prel iminary mercuric aceta 
est of the experiments .  

E x  

of ra t  
(6.86. IO a cpm//zmole) : I ra t  - -  445 g. 

,4 de'nine n ucl 

(Adenine - -  b 
Adenosin 
Adenosine 
Adenosine 

Ribonucle 

Adenine 
Guanine 

The wide var iat ion in the sl: 
ultraviolet  absorbing contaminan~ 
precipitat ion carried ou t  in the rest  
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tment o/tissues. All injections we~ 
e/Kg (see Table headings). The aci( 
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veries.  3.1 /~mole adenos ine  p h o s p h a t e / g  fresh liver represe~ 
i o m / ,  and  69 % of the  r ad ioac t iv i ty  of t he  acid-soluble  ext: 

- -  by  hydro lys i s  
ae m o n o p h o s p h a t e  f rac t ion 
ae d i p h o s p h a t e  f ract ion 
ae t r i p h o s p h a t e  f rac t ion 
• smal l  a m o u n t )  

veries.  1 .4/*mole adenos ine  p h o s p h a t e s / g  fresh v iscera  repres 
io m #  and  58 % of the  r ad ioac t iv i ty  of t he  acid-soluble  ext~ 

Exp .  3. Specific ac t iv i ty  of adenos ine  p h o s p h a t e s  f rom the  
rest  of v iscera  2 hour s  af ter  in jec t ion  (0.22 mmole /kg)  of ad¢ 

Adenos ine  m o n o p h o s p h a t e  f rac t ion 
Adenos ine  d i p h o s p h a t e  f rac t ion 
Adenos ine  t r i p h o s p h a t e  f rac t ion 

acid-soluble  f rac t ions  of r a t  li 
denine-8-14C (2.35" IO 4 c p m / # m o l  

Liver  Rest  of  viscera 

462o 645o 
363 o 555 ° 

Only  a t race  None 
isolated 

)f adenos ine  p h o s p h a t e s  f rom the  acid-soluble f rac t ion of r a t  li 
m m o l e / k g / d a y  for 3 days)  of adenine-8-14C (6.33" lO ~ cpm/pmo]  

ine nucleotide 

le - -  by  hydro lys i s  
ine m o n o p h o s p h a t e  f rac t ion 
ine d i p h o s p h a t e  f rac t ion 
ine t r i p h o s p h a t e  f rac t ion 

and  res t  
r a t  - -  338 g. 

A d e n i n e  nucleotide 

Exp .  4. Specific ac t iv i ty  of 
24 hou r s  a f te r  in jec t ions  (o.19 
I r a t -  345 g. 

A d e n i n e  nucleoti~ 

(Adenine 
Adenos ine  
Adenos ine  
Adenos ine  t r i  
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T A B L E  II  

la t ive ana lys i s  of adenos ine  phospha t e  
ect ion (o.2o mmole /kg)  of adenine-8-14( 

L I V E R  

Tota l  organic 1 
denyl ic  acid Pentose phosphorus  

1 , 0 0  I .  I - ~ - 

1 . 0 0  1 . 2  - -  

i .oo i. t 3.2 

:present ing 5 o 
ex t r ac t  preci[  

R E S T  O F  V I S C E R A  

i .oo 0,9 - -  

I . O O  1 . 2  - -  

:present ing 61 c 
ex t r ac t  precil; 

T A B L E  I I I  

Specific activity 

T A B L E  IV 

leotide specif ic ac twi ty  

119 o) 
lO7O 
115o 

885 

=id soluble 
m//Lmole) : 

Specific activity 

720) 
850 
73 ° 

60o-740 

:al dens i ty  
rcuric salt .  

970) 
124 ° 

77 ° 
ca. 400 

zal dens i t y  
rcuric salt .  

liver 
umole)  : 

l iver 
,mole) : 



Adenylic acid 
Easily hydrolysable phosphorus 

IF IC  A C T I V I T Y  OF A D E N O S I N E  P H O S P H A T E S  F R O M  T H E  A C I D  SOI 

LNS 2 H O U R S  A F T E R  I N J E C T I O N  ( 0 . 2 0  mrnole/kg) OF A D E N I N E -  

F O R  E X P .  6 A N D  7,  R E S P E C T I V E L Y ) .  : - -  6 rats - -  1 5 5 1  

Liver Intest. 

P A D P  A T P  A M P  A D P  A T P  
• frac. frac. frac. frac. /rat. 

o 355 ° 3800 5780 459 ° 
o 412o I95 o 754 ° - -  

This material, eluted in the position usually occupied by 
ion maximum at  255 m/~ and presumably contained little ad 

E N Z Y M I C  A S S A Y  OF A D E N O S I N E  D I - A N D  T R I - P H O S P H A T E  FI~ 

133o - -  830 
- -  860 

the diphosphate fraction, had 
adenine nucleotide. 

F R A C T I O N S  F O R  A D P  A N D  A T P  

Concn. Concn. of 
adenosine phosphate energy-rich phosphate 

~hate fraction 0.98 #mole/ml 0.56 #mole/ml 
phate fraction o.55 0.04 

i a t e l y  o b v i o u s  t h a t  t h e  i n j e c t e d  a d e n i n e  is m e t a b o l i s e d  

e n u c l e o t i d e s  f r o m  t h e  i n t e r n a l  o r g a n s  of t h e  r a t  (Tab les  

• t ,  t h e  r e l e v a n t  r e s u l t s  of GOLDWASSER 4 a n d  BENNETT 5 

u c l e o t i d e  f r a c t i o n s  is n o t  c lear .  W h i l e  i t  s e e m s  v e r y  p r o b a l  

a c t i o n  c o n t a i n s  m a i n l y  t h e  w e l l - k n o w n  a d e n o s i n e - 5 ' - p h ,  

h e  d i -  a n d  t r i - p h o s p h a t e  f r a c t i o n s  is b y  n o  m e a n s  c e r t a  
t e v i d e n c e  t h a t  t h e  c o n t e n t  of A D P  a n d  A T P  in  h is  d i -  a 

sorption 

Adenosine diphos t 
Adenosine triphos][ 

I n  g e n e r a l ,  i t  is i m m e d i a t e b  
t e n s i v e l y  t o  t h e  ac id - so lub l ,  

VI ) .  T h i s  c o n f i r m s  in  t h e  r a t  

d i f f e r e n t  b i o l o g i c a l  s y s t e m s .  

T h e  s t r u c t u r e  of  t h e s e  n u c l e o t i c  

t h a t  t h e  m o n o p h o s p h a t e  f r a c t i o n  

p h a t e ,  t h e  c o m p o s i t i o n  of t h e  
GOLDWASSER 4 h a s  p r e s e n t e d  
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TABLE V 

nosine phosphates from the acid-solub] 
ction (o.24 mmole/kg) of adenine-8-14( 

lenine nucleo$ide Specific activity 

Viscera 

late fraction 24,75o 
fraction 2o,3oo 

e fraction 5,o8o 7 c 

he adenosine triphosphate fractions (molar ratios) 

1 .00  

o . 9  

TABLE VI 

S O L U B L E  FRA( 

ADENINE-8-14C (3-77 
g; and 9 rl 

Spleen K idne) 

A M P  ADP A T P  A M P  ADP 
/rac. #ac. [rac. I ra .  lrac. 

318o 317 ° - -  573 ° - -  
- -  5700 - -  - -  484 ° 18oo* 

TABLE VII  

DISCUSSION 

~tid~ 

ra t  viscera 
)m/bmlole ) : 

' A R A T E  R A T  

cpm//~mole 

Testis 

ADP ATP.  
frac. frac. 

815 - -  
620 - -  

ab- 

ex -  

I -  
i n  

3 robab le  

~hos- 

in.  

a n d  



m, formate) gave rise to acid-soluble nucleotides in 
e of their  exper iments  which ranged from 6 hours to 
ne of the acid-soluble nucleotides was in fairly rapi 
ic acid adenine,  since the specific activit ies of both  we 
b r ium was set up when 4-amino-5-imidazole-carbo: 
~ver 3 days at 3.2 mmole /Kg/day  22. The present  wor] 
br ium,  since the specific ac t iv i ty  of the acid-soluble 
the r ibonucleic acid adenine after 2 hours (Table I) 
ing tha t  BENNETT'S figures 5 show similar results in 
d for carcass imply  a rapid equi l ibr ium. Again, t t  
from formate or glycine 2~ contrasts  with reports of tl~ 
~f ammonia  ~5 in this system. However,  BENNETT'S I 
~r incorporat ion into muscle ATP titan BROWN obta 
representing a single exper iment ,  confirms this. 
n Tables I I  and  III ,  the general  results for l iver ar, 
I in tha t  no obvious var ia t ion  in the specific acti~ 

ons is noticeable.  The values for the rest of the visc 
f the organs might  well be giving rise to a more hi t 
on, bu t  this conten t ion  could not  be clearly upheld  t 

UUL~sLIJI(C:~[ . ] . ;  c % I I U .  L d . 1 5 1 (  ~ ¥ , c £ 1 L I I U L J . ~  

are in agreement  with those 
activit ies of the three nucleotk 
viscera, however, suggested th 

ghly labelled monophospha  
by  the separate organ expei 

thanks to Mr. E. E. VON ARNIM and  Miss S. M. WERBA fq 
E. C. SLATER for the enzymic assays, and  to Professc 

interest .  

m injected into white male rats and the distribution of radioactivit 
ctions of various organs has been examined. 

appliqu6e A des  ra t s  blancs masculins. La distribution radioacti, 
s fractions de nucl6otides, soluble en acides, a 6t6 examin6e. 

m/~nnlichen weissen Ratten injiziert. Die Verteilung der erhalten¢ 
;hen Nucleotidfraktionen yon verschiedenen Organen wurde unte 

T _ 

I n  

Table 
fractions 
one of 
fraction 
ments  shown in Table VI. 

The au thor  records his thanks  
technical  assistance, to Dr. 
J. S. MITCHELL F.R.S. for his 

Radioactive adenine has been 
in the acid-soluble nucleotide fractio 

L'ad6nine radioactive a 6t6 
clans les organes  due  a u x  d iverses  

Radioactives Adenin w u r d e  
RadioaktivitAt in den stiurelSslichen 
sucht. 
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quant i t ies  of acid-soluble uracil nucleotides occur in ra t  liver. 
:led in the present  paper  be not  called in doubt ,  it is necessar 
the fractions isolated contained negligible amoun t s  of uracil 
I. When  the acid-soluble fraction, wi th  or wi thout  mercuric 
erchloric acid and the liberated bases separated on paper,  o 
rials o ther  than  adenine were detected. 
2. One half of an acid-soluble ext rac t  of ra t  liver, freed fl 
i t ted to chloride elution from a lO × i sq. cm column of Dow 
~phosphate fraction wi th  o.oo2 N HC1, no ul traviolet-absorbi  
The o ther  half of the extract ,  to which was added 3.0 mg 

Nature, 172 (1953) lO38) s ta te  tl 
: liver. In  order t ha t  the specific activit 

xs necessary to advance reasons for bel ier  
nucleotides. 

mercuric precipitation, was hydrolysed 
only traces of ul t raviole t -absorb 

from acid by  ether  extract ion 
Dowex 2. After elution of the adenos 

viole t -absorbing material  was eluted by  o.oo, 
ur id ine-5 ' -monophosphate  (UM 

~ration, when 2.98 mg UMP was eluted by  the o.0o5 N HC1. 
have been carried out  on animal  organs (including ra t  liver) si 

tper, the various peaks of the phospha te  fractions have been tes 
e has the spec t rum of the solutions been destroyed or reduced 

thor is confident t ha t  the specific activities reported here were 
ng mixtures  of adenine and uracil nucleotides. This belief recei 
, and IV, where the specific act ivi ty  of adenine, derived from 
des and separated by different techniques,  is in good agreement  
ucleotide fractions. 
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