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R E N E W A L  OF N U C L E O T I D E S  A N D  NUCLEIC ACIDS 

IN C~ v MICE S T U D I E D  W I T H  ADENINE-4,6J4C** 

by 

E D \ V A R D  L. B E N N E T T  AND B A R B A R A  J. K R I I E C K E L  

U*~iversity o/ Cali/or*~ia Radiation Laboratory, Berkeley, Call/. (U.S.A.) 

INTRODUCTION 

Rapid utilization of adenine-4,6-HC~ in C57 mice has been shown ~. Adenine was 
extensively and rapidly incorporated into derivatives of 5-adenylic acid and into nucleic 
acids. Results indicated that compounds present in the fraction soluble in cold trichloro- 
acetic acid (TCA) were possible precursors of nucleic acids. Therefore, it seemed desirable 
to investigate the nature and interconversions of these compounds in more detail, 
particularly with reference to the equilibration of adenine among soluble nucleotides 
and the separated ribonucleic acid (RNA) and desoxyribonucleic acid (DNA). 

Data presented in this and the following paper 2 confirm the previously reported 
extensive utilization of adenine for the formation of at least eight nucleotide derivatives 
in the mouse. Specific activities of cold TCA-soluble 5-adenylic acid derivatives, RNA 
adenine and DNA adenine in nine tissues of the mouse are compared from 2 hours to 
I6-29 days after administration of adenine-14C. Apparent half-lives of 5-adenylic acid 
adenine, RNA adenine and DNA adenine, are calculated in these tissues. Evidence is 
presented that RNA and DNA adenine may be derived from the soluble-nucleotide pool. 
Results show that nucleic acids and 5-adenylic acid in a given tissue are not in equili- 
bration with those in other tissues. 

M E T H O D  

A dmiuistrailon o~ ade~i~ze a~d/ractionatio~ o/tissue 
Adul t  male  C57 mice, we igh t  28 to 3 ° g, age 6 to  7 mouths ,  were in jec ted  i n t r ape r i t onea l ly  

wi th  1. 3 mg of adenine-4,6-14C13 (2.2. lo  7 dis/min) d issolved in o. 5 ml  of 0.9°,o saline. Animals  were 
al lowed to  feed ad libilum both  before and  (luring the  course of the  e x p e r i m e n t  on P u r i n a  l abo ra to ry  
chow. Mice were sacrificed by  de c a p i t a t i on  and  the  organs  were qu ick ly  r emoved  and f rac t iona ted .  
The following organs  were s tud ied :  sk inned  carcass  ( including bone)**, liver, smal l  in tes t ine ,  large 
in tes t ine  ( in  Series II,  the  in tes t inds  were combined) ,  s tomach ,  k idney,  lung, hear t ,  and spleen 
and test is .  

The carcass  was homogen ized  in a \ ¥ a r i n g  b lender  wi th  cold IO o/~ t r i ch loroace t ic  acid (TCA) 
to e x t r a c t  soluble nucleot ides ;  a P o t t e r  homogen ize r  was used to  homogenize  the  o ther  t issues.  
To ensure  comple te  e x t r a c t i o n  of cold TCA-soluble  mater ia l ,  each t issue was  e x t r a c t e d  6 t imes  with 

* :\ p r e l im ina ry  repor t  of this  work  was p resen ted  a t  the  American  Chemical  Society meet ing,  
Sep tember  6-11, 1953 : Abs t rac t s  of Papers ,  page  5 C. 

** The carcass  f rac t ion  inc luded the  muscle  and  bone of the  decap i ta ted ,  ev iscera ted ,  sk inned  
carcass ;  feet and  ta i l  were discarded.  I t  should be emphas ized  t h a t  the  carcass  f rac t ion  used i n  th is  
s t u d y  consis ts  of two  v e r y  d iss imi la r  fract ions,  muscle  and  bone marrow.  Due to  the  s m a l l  a m o u n t  
of t issue avai lable ,  the  spleen and tes t i s  were pooled. In t e s t ines  and  s tomach  were r insed  wi th  saline. 

Ne/ere~lces p. 5r4. 
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~o v o l u m e s  e l  cold loG{, TC:X, b u t  g e n e r a l l y  (rely t i le  l i r s t  t w o  e x t r a c t s  were  s aved .  The  TC.X ~ a s  
removed by c(ult iuuous l iquid- l iquid ex t rac t iou  w i th  ether, and t i le remain ing ~tqtlel)us pl~lse \v;/s 
un~/lyzed. The  cold TC. \  e x t r a c t e d  t i s sue  was  w a s h e d  t w i c e  w i t h  e t h a n o l  tin(I t w i c e  wi th  eLl/or :rod 
then  t r e a t e d  w i t h  I 5" K O H  a t  3 7  for "4 hoursa. The  I{N.\  was  e l>rained in t he  s u p e r l m t a n t  a f t e r  
ac id i f i ca t ion  w i t h  7 0 " .  HCIO.I. The  l ) N A - p r o t e i n - s a l t  p r e c i p i t a t e  wns w; i shed  wi th  d i l u t e  t tCI ( )  a 
and  the  w a s h i n g  was  a d d e d  to  the  m a i n  I{N. \  f r ac t ion .  The  p r e c i p i t a t e  was  t r e a t e d  w i t h  1<()I{ ~lml 
HCI()i tw<) addit ional  t imes,  as d e s c r i b e d  ab(/ve,  to  free I)N.\  e<unph'tely <>f RN.\  c~mt : /mina t io t l* .  

The  t{N. \  e x t r a c t s  were  n e u t r a l i z e d  wi th  -t ~\' t£Ot1 a n d  t l l e  s u p e r n a t a n t s  xxere a m / l y z e d .  
( ; c h o r a l l y  o n l y  t i le  f irst  K O H  e x t r a c t  a m l  ~ u s h i i l g  were  used,  a l th(*ugh t<)t;~l a c l i v i t y  p r e s e n t  and  
I ' V  ubstJrption in supernatants froln retu'ecipituti(uls (~i" I )N.X-prote in were deternl ined ;is a check 
u p o n  t i le  w a s h i n g  i)rf /cedure.  

I ) N . \  w a s  e x t r a c t e d  f rom the  1)NA p r o t e i n  p r e c i p i t a t e  w i t h  ho t  leO. T C \ ,  and  T e A  was  
r e m o v e d  from t h i s  e x t r a c t  by  c o n t i n u ( m s  l i q u i d - l i q u i d  e x t r a c t i o n  w i t h  e the r .  

I )elcrmi*mli<ue o i sp~'( i f ic a t / i v \ I t  o i l~m'h'()/idc ainu m t ( lNc  a* id  adestislc 

Tom/  .5-.-IMP. The  spe<ific a c t i v i t y  <>f solul) le  nucle() t i / les  hydr<)lyzal) le  w i t h  (Tu(()tl)e to  
5 ' - a d e n y l i c  ac id  (5-.KMP) in each  f rac t ion ,  r e fe r red  to ;is " t o t a l  5 AM I ' "  or " a c i d  so lub le  5 % / d e n y l i c  
a c i d "  w a s  o b t a i n e d  tls p r e v i o u s l y  descr i l )ed  1. ( ]e l le raI ly ,  d u p l i c a t e  hydr , , l y ses ,  clu-~unat(~grams a n d  
enzylllie {lll}lIySeS were  nla(le.  

leNA aJ~d I)N.-! ademm'. To c o n c e n t r a t e  I{N.\  a d e n i n e  a n d  t~ s e p a r a t e  i t  f rom s a l t  p r e s e n t ,  
t he  nuc le ( ) t ides  were  h y d r o l y z e d  to  free p u r i n e s  by  h e a t i n g  a s u i t a b l e  a l i q u o t  of the  I¢.NA fract i (ul  
a t  l eo  for i h, in i N HCI. T h e  p u r i n e s  were  a d s o r b e d  on o.-  ml  of l ) a r c o  ( ; -0o c h a r c o a l  a n d  t h e n  
e l u t e d  wi th  t w o  4-ml  p o r t i o n s  of 73 "i:, e t h a n o l  "4 'li, w a t e r  3 <I;, cone.  N H I O H  The  c o m b i n e d  e l u a t e s  
were  e v a p o r a t e d  to  d r y n e s s  ~llld t he  r e s idue  w a s  d i s so l \ ' ed  in a sma l l  ~ lmount  of 4<!~ ace t ic  ac id  
a n d  c h r o m a t o g r a p h e d  on %Vhatman N <  i f i l ter  p a p e r  1. \ d e n i n e  w a s e h l t e d  a n d  the  s p e c i f i c l l c t i v i t y  
w a s  d e t e r m i n e d  w i t h  x a n t h i n e  o x i d a s e  1. 

I ) N A  adenine was adsorbed on l )arco (7-0o charcoal a f te r  ctcidil]cation of the solut ion wi th 
d i l u t e  ace t i c  acid.  T h e r e a f t e r ,  t h e  p r o c e d u r e  was  i d e n t i c a l  to  t h a t  d e s c r i b e d  for R N A  aden ine .  

l ) u p l i c a t e  ( l e t e r m i n a t i o n s  were  u s u a l l y  m a d e  f/u" b o t h  R N . \  and  D N . \  a d e n i n e .  The  speci f ic  
a c t i v i t i e s  d e t e r m i n e d  g e n e r a l l y  a g r e e d  w i t h i n  5 to l o'~, e x c e p t  tor t i s sue s  <~r t i m e  i n t e r x a l s  w h e r e  
t h e  specif ic  a c t i v i t y  w a s  low (~o dislmii~/Fg aden ine ) ,  in wh ich  case  d u p l i c a t e  \ -ahles o c c a s i o m t l l y  
d i f l e r e d  b y  as  m u c h  as  25 <}<,. 

('ozH#is~g precede*tea 
Direc t  p l a t i n g  t e c h n i q u e s  were  used  for t he  f r a c t i o n s  d e s c r i b e d ,  r ) u p l i c a t e  s a m p l e s  and  d u p l i c a t e  

c o u n t s  w e r e  m a d e  of a l l  s a m p l e s .  S u i t a b l e  s e l f - a b s o r p t i o n  c o r r e c t i o n s  were  a p p l i e d  to  cold TC. \ ,  
ITS: \  a n d  1)N:\  f r ac t ions .  Fo r  R N , \  a n d  D N A  s a m p l e s  he fo re  c h r o m a t o g r a p h y ,  s e l f - a b s o r p t i o n  
c o r r e c t i o n s  were  la rge  (2o to  5 ° ~!~), t h e r e f o r e  v a l u e s  for t h e  t o t a l  a m o u n t  of r a d i o a c t i v i t y  i n c o r p o r a t e d  
are  a p p r o x i n l a t e .  Af te r  c h r o m a t o g r a p h y ,  ilo s e l f - a b s o r p t i o n  c o r r e c t i o n s  were  l l ecessa ry .  

l { a d i o a c t i v i t v  m e a s u r e m e n t s  were  m a d e  w i t h  a T r a c e r l a b  S(;-~() w i n d o w l e s s  l h , w - t y p e  c o u n t e r  
u s ing  p l a t i n u m  d i shes  a p p r o x i m a t e l y  3.7 cnle in a rea .  C o u n t i n g  e f f i c i ency  was  appr<>xinmte ly  55 <?~> ; 
backgr< /und  w a s  e q u i x u l e n t  t~ 35 d i s / r a in .  

I{ESULTS 

Two series of mice were used for the experiments  described. Series I consisted of 
8 mice sacrificed at 2 hours, 0 hours, I, 2, 3, 7, r6 and 2 9 days after adenine-4,6-1~C1 was 
administered. Mice in Series II  were sacrificed at 2 hours, I, 3, 7, and r6 days. Data are 
reported in detail for the first series only, inasmuch as the results of the two series of 
experiments  are in general agreement.  

In Table I are recorded the specific activit ies  of the acid-soluble 5'-adenylic acid, 
R N A  adenine and D N A  adenine. The per cent of administered adenine incorporated into 
each of these fractions in individual tissues at the t ime of maxinml  incorporation is 
summarized. "Apparent half-life" of adenine in these fractions is also given for the 

X - i r r a d i a t i o n  e x p e r i m e n t s ,  to  1)e r e p o r t e d  in a n o t h e r  c o m m u n i c a t i ( m ,  h a v e  i n d i c a t e d  t h a t  t w o  
p r e c i p i t a t i o n s  a n d  w a s h i n g s  of t h e  D N , \ - p r o t e i n  a re  b a r e l y  a d e q u a t e  to  free I ) N A  f rom t r a c e s  of 
con ta minat ing  RNA,  whereas three precipitat ions  remove  all, or essential ly  all, the c o n t a m i n a t i n g  
R N A  from D N A .  T h i s  is e x t r e m e l y  i m p o r t a n t  in a t i s sue  such  as  l i ve r  whe re  t he  r a t i o  of speci f ic  
a c t i v i t y  of R N A  to D N A  in~ty be as  h igh  as  2o to  3 o. 

Re~ere.ors p. 5r4. 
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tissues studied. Values for the half-life of adenine in the total 5-AMP, RNA, and DNA 
have been obtained by plotting specific activity of adenine as a function of time on 
semilogarithmic graph paper (Fig. x). (;enerally two component rates could be obtained. 
The slower rate component was calculated from data obtained from 7 to I6 days or 
7 to 29 days after adenine injection. This curve was graphically extrapolated to zero 
time, and specific activities of the slow component  wele subtracted from total  specific 
activities found at early t ime intervals.  The result ing values were plotted and a graphical 

r I ' A B I . E  I 

SPECIFIC ACTIVITY AND HALF-LIFE OF ] ~ ' A  AND D N A  ADENINE AND 5-ADENYLIC ACID IN VARIOUS TISSUE 

(d i s ln l in l l~g  A d e n i n e )  

Small interline Lartge l'nteshnc 
l'ime u.th r inlcct~on 

5 ddenyhc acid RNA adenine 1)N,4 adenine 5-Adenvlic acid RNA adenine DNA adenine 

2 h o u r s  2690 424 lO 9 212o 475 i t 2  
6 h o u r s  2280 662 254 I97o  697 240 

2 t hou r s  1355 883 465 1200 95 ° 342 
48 h o u r s  472 495 343 7 lo  (350 455 
72 h o u r s  278 256 176 376  360 225 

7 d a y s  81 79 29 w 08 97 48 
10 d a y s  22 31 12 33 28 14 
2 9 d a y s  4.6 0. 5 (7.2) * - -  - -  

Ha l f - l i f e  t8 h 17 h 21 tl 
(Series  l) 5.6 d a y s  6.0 d a y s  7.0 ( lays  

% " F a s t  c o m p o n e n t s "  94 °o 93 °o 89 °o 
~i, I n c o r p .  a t  n lax .  7 .900 3 . 6 °0  1.8 % 

(Series  I1)** 23 h 19 h 24 tl 
4.o d a y s  5.8 d a y s  7.7 d a y s  

c~i , " F a s t  c o n l p o l ~ c n t "  92 °i~ 82 ° o 86 o 

7"ime after Dt iccl i(m 
(2arca.gs 

5-Adenyhc acid RNA adenine I)NA adenine 

23 h 19 h I8  h 
5.5 d a y s  5.o d a y s  5.o clays 

89 o,. 83 % 79 % 
3" I (~;) 1., 4 o.  o.53 % 

Liver 

5-Adenylic acid RNA adenine I)N:I adenine 

2 h o u r s  -'78 t6o  l o9  
6 h o u r s  221 204 I96  

24 h o u r s  205 229 x62 
48 h o u r s  200 21 o 116 
72 h o u r s  179 193 81 

7 ( lays  15o I 5 i  24 
16 daMs ~7 89 0"5 
29 d a y s  (83) * (05) * (7.2) * 

16oo i33  5.0 
154o 225 io 

99o 385 18 
585 3o0? t 5 
445 387 18 

215 33 ° I5  
75 1o5 11 
I I .  4 26 ( I0 .9 )*  

Hal f - l i f e  - -  - 35 h 17 h - -  - -  
(Series  I) L2 d a y s  12 clays 7.0 d a y s  5.2 d a y s  5.5 clays 16 clays? 

o&, " F a s t  c o m p o n e n t "  - -  --  82 % 71 °o - -  - 
1 O' O.90o 8 .80  o o O.O3 % o' I n c o r p .  a t  m a x .  i I ?'$) .3 ,.o . 1-4 /o /o 

(Series I I )  22 h - 27 h I8  h - -  - 
12. 7 d a y s  15. 3 clays 7.3 d a y s  6 d a y s  9 ( lays  - -  

% " l : a s t  c o n l p o n e n t "  65 ° o - -  82 % 67 % - -  - -  

3-' 

(~onlinucd m,crlcaf) 
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[. 1¢ n~s /x" l'dn~'l '.s 
T i m e  ajh!r lnjectiott . . . . . .  

5-Adenyl ic  acid R N A  ademnc  ] )NA  ademnc  5 A d e n y h c  acM R N A  adenine I )N , I  adenine 

- h o u r s  14oo  259  I 7 J40o  l 7-' t.O 
0 h o u r s  I - '95 3 o6  J 5 186o 332 4. -' 

24 h o u r s  lO75 4 5  ° 4 8  1 2 3 0  5 4  () I 5 "5 

48 h o u r s  6 6 0  53 ° 4~ 7o5 54 ° 30 .3  
72 h o u r s  44  ° 4 ° 0  30  5- '5 5 J " 4 r 

7 d a y s  105 305  15 2o8 343 3 ° 
I 0 d a y s  7 8  [ 0()  I I 5B f O4 2 4  

2 9  d a y s  21 3 5  2 i 

H a l f - l i f e  " 4  h ~ 3 2  h " "  h 
(Ser ies  I) 7 d a y s  to.  3 d a y s  ~ 2 o  d a y s  4 .8  d a y s  5.5 7 .o d a y s  ~ 4  o d a y s  

% " F a s t  c o m p o n e n t "  80 % -/5 o,o - 
o l n c o r p ,  a t  m a x .  o .02  % o.I  { % o . o i  % o ,,, 3 o o .44  '!i, o .o3  ~!,, 

,qlomack ,gph?cll ltnd le.~lex 
T i m e  a/let inlccti(m 

5 Adenyl ic  acid R N A  adenine I ;N-I adenine 5.4de~lvlic acid I?,\'A adenine I ) N A  adenine 

2 h o u r s  t 8 9 o  287  30 805 ~4 J 3 
6 h o u r s  I 6 6 o  53 o 93 705 8o 33 

24 h o u r s  965  676  t 77 045  J 23 3 I 
48 h o u r s  635  88o  - '72 455  t47  37 
72 h o u r s  47 ° 438  J 43 3<)3 135 20 

7 d a y s  2~5 I53 52 180 r28  33 
10 d a y s  82 67 - t  70 72 25 

H a l f - l i f e  18 24 h 15 h i 0  h _'8 h 
(Ser ies  i)  6. 5 d a y s  7.5 d a y s  (~.8 d a y s  7.7 d a y s  I J 14 d a y s  

og " F a s t  c o m p o n e n t "  70 80 % ~ ' 6 o  % 08 % 7 ° %, 
- o 0 .48  % o..o I n c o r p .  a t  m a x .  o . 7 5 %  o._~ , o . o 0 %  1 . 4 ° ,  

(Ser ies  i i )  1 2 - 1 7  h 20  h 
8 ( l a y s  ~ l o  ( l~ lys  I t .  5 d a y s  E 4 I 9  d a y s  

O.,o " F a s t  c o m p o n e n t "  8 3 - 8 7  % 7 1 %  

Tim e  alter injection - -  - 
5-Adenyl ic  acid R N A  ado l ine  1)NA re&nine 

2 h o u r s  z577  2. 5 
6 h o u r s  2 -,o 8 

24 h o u r s  2 o 0  8 
48 h o u r s  195 5 
72 h o u r s  I 7() I 2 

7 d a y s  ~ 17 ? 7 

H a l f - l i f e  ~,~ I ] d a y s  
(Ser ies  I )  

% I n c o r p .  a t  l l laX,  o . 1 4 %  O.OI c!i , < O . O 1 0 i ,  

* V a l u e s  in  p a r e n t h e s e s  n o t  u s e d  t o  c a l c u l a t e  " h a l f - l i f e " .  
* * l . a r g e  a n d  s m a l l  i n t e s t i n e .  

O.O0 o ' 5o 
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representation of the rapidly metabolized component was obtained. This is illustrated 
in the inset of Fig. I. The approximate per cent of the activity incorporated into the 
"slow" and "rapid" components has been calculated from the "time -- o" values of 
component curves of the total 5-AMP, and from the ratio of specific activity of the 
"slow" curve to total specific activity at the time of maximum specific activity for the 
RNA and DNA. These values are summarized in Table I for both series of animals. 

SPEO FIC ACTIVITY 
5000 3000 AND HALF-LIFE OF 

"FAST - COM PON ENT" 
P..OOC ~., 2000 " ' ~  ADENINE 

IOOO ~ ~ IOOO; ~ . , ~ ' t  ' /25-AMP AD:IBHR~ 

'~ ,~ ~ X , ~ ,  '7 HRS. 
o o o  x 

-- V"k ~ 200- 21 H R S J  "~.x-xx. 

,,, ,,', ~ ,DO 

z_ _z 7c 

< .E 30 
--  ~ ~ .~,,~t RNA AD= 6.0 DAYS 

> ~ I0 t DNA AD=7.O uAYS-( . ) - - - -~ .~ -__  -.~. .9] 

- 17 t 2 5-AMP AD= 5.6 DAYS "~'~ N ~"~ll 
u__-- "SLOW- COMPONENT" ADENINE 

3 HALF - LIFE uJ 
(3. co 

i . 

DAYS AFTER ADMINISTRATION OF ADENINE- 4,6-"~C 

Fig. I. Specific activity and half-life of 5'-adenylic acid, RNA, and DNA adenine of small intestine 
of mice from 2 hours  to 29 (lays after adminis t ra t ion of adenine-14C. Specific activity and half-life 

of "fas t  comp<ment" adenine shown in inset. 

DISCUSSION 

Incorporation of phosphate, glycine, formate, 4-amino-5-imidazole carboxamide, 
orotic acid, adenine and other precursors into nucleic acids of rats and mice has been 
studied by numerous investigators. It has been shown that these compounds can be 
utilized for the formation of nucleic acids, but data for distribution of the administered 
precursor in separate tissues and in various compounds into which they are incorporated 
are limited. In many experiments pooled tissues or pooled nucleic acids have been 
investigated; incorporation of precursor into low molecular weight nucleotides has been 
essentially neglected. The few kinetic studies have usually been confined to one tissue or 
to limited time intervals. Extensive kinetic data obtained with a2P-phosphate, particu- 
larly in respect to relative incorporation into RNA in cellular fractions of l i v e rS ,~ ,7 , s ,  9 

and carcinoma% 1° have shown that nuclear RNA incorporates a~P-phosphate more 

Re/ereuces  p. 5 r 4  . 
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rap id ly  than  o ther  cellular  fractions.  Similar  results  have been ob ta ined  with glycine  ̀a, 1], 
formate11,12, orotic acid TM ]~, 1.~ and adenine 1, u;, 17 

Exper iments  from which an "ap tmrent  ra te  of r enewar '  of nucleic acids can be 
ca lcula ted  are l imited.  The earliest s tudies of nucleic acid renewal were those of HI~,\'Es'~" 
and co-workers is. A minimrtm aptmrent  da i ly  renewal ra te  for the I )NA ranging froln 
15 % in the  mucosa of small  intest ine to o.(;% in k idney and brain wits ca lcula ted from 
the incorporat ion of a2p-phosphate into I )NA of the rat  4 days  af ter  admin is t ra t ion  of 
a'~p. Other  exper iments  comt)ared the incorporat ion of aq)-phosphate  into RNA and 
I )NA of tissues 2 hours af ter  a singh' adminis t ra t ion .  The R N A / D N A  specific ac t iv i ty  
ra t io  ranged from 33 for liw, r to 2 for intestimJ~L From a deta i led  analysis  of a21) specific 
ac t iv i ty  in the nucleic acid of cel lular  frac{ions of mouse cltrcinoma, I),ARNUSI7 and co- 
workers  u~ have concluded that  phosphorus  renewal in the RNA fraction was rapid,  
from 38% to I5o°~,/h. I t  was also calcula ted that  phosphorus  renewal of I )NA was 
5 %/h, or twice the  net increase of I)NA. 

Es t imates  of renewal rates of nucleic acid have usual ly  been based upon ra te  of 
up take  of aq)-t)hosphate and assumpt ions  must  be made  of the  na ture  and specific 
ac t iv i ty  of the  immedia te  precursor.  \Vhen precursors of nucleic acids such its adenine,  
orotic acid or glycine are adminis tered ,  renewal rates  based upon the i r  ra te  of incor- 
ix) radon have several  l imitat ions.  Assmnpt ions  must  be made concerning the route b y  
which the precursor  is incorporated.  Although some adenine m a y  enter  RNA direct ly,  
orotic acid and glycine must  go through in termedia tes .  The specific ac t iv i ty  of these 
in te rmedia tes  nmst  be known in order  to calculate  more than the re la t ive  renewal rates.  
Even this calculat ion is prol}ably misleading,  its specific ac t iv i ty  of the precursor  varies 
from tissue to tissue, especial ly its a f lmction of t ime. , \  short  t i ine af ter  adnf inis t ra t ion 
of orotic acid or adenine,  they  are conver ted  into other  compounds ,  p r imar i ly  uri- 
dvlicla,] t  or adenyl ic  acid derivatives1, e, so l i t t le  or no free orotic acid or adenine is 
present .  Renewal  ra tes  based upon uptake  nmst  necessari ly assume tha t  the  exclusive 
source of the "bui ld ing  biocks'" dur ing the t ime in terval  s tudied  is the  labelled precursor,  
a s i tuat ion not  l ikely to be realized with e i ther  adenine or orotic acid for longer than  
several  hours af ter  admin is t ra t ion  1,', la. Exper imen t s  in which adenine is adminis te red  
over  a severa l -day  interval ,  and iu which the ra t io  of specific ac t iv i ty  found in the 
nucleic acid adenine to tha t  admin i s te red  is repor ted  only for a single t ime af ter  ad- 
minis t ra t ion,  can give {)nix, a minimal  value for nucleic acid " tu rnove r  ' ' ' ° ,  21. Long- term 
exper iments  with adenine 'a°, "~ and formate 2" in which incorporat ion has 1)een de te rmined  
at only two t ime in te rwds  af ter  adminis t ra t ion ,  a l though permi t t ing  a comparison of 
" appa ren t  r e ten t ion"  to be made in the tissues studied,  do not yield sufficient d a t a  to 
calculate  a val id  "half- l i fe".  

From specific act ivi t ies  of adenine and guanine in l iver RNA and 1)NA de te rmined  
4, 7 and I2 days  af ter  glycine-UC was admin i s te red  to rats ,  a half t ime of about  220 hours 
was ob ta ined  for adenine and gnanine of R N A  and I5o to I6O hours for tha t  of I )NA 2a. 
The complex na ture  of specific ac t iv i ty - t ime  re la t ionships  in var ious  cel lular  fract ions 
of ra t  l iver  has been shown using orotic acid. A I4-hour  half-life was ca lcula ted  for 
nuclear  RNA from the 2- to r0-hour  d a t a  1. and a half-life of the order  of 5 to 7 days  for 
the  cy top lasmic  RNA based on 2o- to 9 I -hour  d a t a  la. In  shor t - t e rm exper iments  with 
adenine-~C,  FRESCO .\ND MARSHAK have ca lcula ted  appa ren t  half - t ime values of I2 and 
24 hours,  respect ively ,  for the  nuclear  R N A  and cy toplasmic  RNA of mouse l iver x6. 
h n p o r t a n c e  of a knowledge of the full course of incorpora t ion  and d isappearance  of 
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precursor and the necessity of as complete kinetic data  as possible in order to estimate 
renewal rates was stressed, I t  was realized that  other less rapidly metabolized components  
may  have been present. 

In this investigation, sp-'cific activities of soluble 5'-adenylic acid derivatives ("total  
5 -AMP') ,  RNA adenine and DNA adenine have been determined in 4 tissues of the 
mouse up to 20 days after the single administration of adenine-4,6-1~C and in 5 other 
tissues up to I6 days. The data  presented in Table I show that  adenine is rapidly in- 
corporated and renewed in the cold TCA-soluble 5'-adenylie acid derivatives of the 
mouse. The more numerous time intervals that  have been studied have made it possible 
to estimate tha t  7 ° to 94% of the adenine incorporated into the. total 5-AMP of all 
tissues, with the exception of carcass and heart,  had an apparent  half-life ranging from 
I8 hours to 28 hours. A small amount  of the total  5-AMP in these tissues was renewed 
at a relatively slow rate with a half-life of 5 to 7 days. A comparison of specific activi ty 
in several tissues at two hours to the half-life shows that  the tissues with the shortest 
half-life for 5-AMP also incorporate the most  adenine. A comparison of specific activi ty 
of the total 5-AMP in tissues at various time intervals indicates tha t  5-AMP in one 
tissue is not rapidly equilibrated with tha t  in another.  

Present knowledge of the mechanism of nucleotide synthesis suggests tha t  free 
adenine is not on the nolmal  route of nucleotide biosynthesis from small-molecular- 
weight precursors. Adenine is rapidly incorporated into soluble nucleotides when it is 
administered to a rat 24 or a mouse ~,2. Several mechanisms may  be suggested for the 
incorporation of adenine into adenylic acid nucleotides. S.kFFRAN AND SCARANO 25 showed 
tha t  5 '-adenylic acid is formed when adenine, ribose-5-phosphate and ATP are incubated 
with a pigeon liver extract.  5 ' -Phosphor ibosylpyrophosphate  in the presence of an 
enzyme isolated from yeast  can condense with adenine to form adenylic acid 2~. These 
mechanisms yield a net synthesis of adenylic acid. The trans-N-glyeosidase type of 
reaction, which has been shown to occur with desoxyribosides, but  not as yet  with the 
ribosides or ribotides2:, 2s, would not result in a net synthesis of nucleotide and could 
not account for rapid disappearance of free adenine. It  would lead, however, to a rapid 
incorporation of radioactive adenine into soluble nncleotides. 

A half-life of I8 hours found for total  5-AMP of the small intestine is equiwtlent to 
approximately  4°0 renewal/hour. The observed renewal based upon uptake of adenine- 
4,6-~4C in 2 hours was 16°./o or twice the expected renewal based upon its subseqmmt 
disappearance. Renewal based upon uptake is a minimum renewal rate as it is assumed 
that  free adenine is present in excess throughout  the entire 2 hours and that  no renewal 
of 5-AMP occurs from other sources. I t  is also assumed that  no labelled 5-AMP leaves 
the pool during this time interval. It is known that  considerable free adenine is present 
V, hour after administration, but  only a very small amount  is present at 2 hours 2. Using 

the ~/., hour total  5-AMP data  2, one can calculate a renewal rate based on uptake of 
adenine of approximately  2o %/hour.  The amount  of adenine injected is small compared 
to the amount  of adenine derivatives in a mouse, but  it is not  a true tracer dose as little 
or no free adenine is normally present. The initial reaction incorporating adenine into 
nucleotides and perhaps nucleic acids m a y  he dependent on the amount  of adenine 
present, and even the small amount  administered may  cause an increased formation 
of 5'-nucleotides. By chromatographic  methods 2, greater quantities of inosinie acid were 
observed ½ hour after administrat ion of adenine than  2 4 hours later, which probably 
represents enhanced deamination of 5-AMP to restore tissue levels to normal. In part ,  
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direct incorporation of adenine m a y  serve merely as a detoxification mechanism for 
the animal to eliminate adenine by pathways  other than by direct oxidation to 2,8- 
dioxyadenine. This substance is found when adenine is administered in larger amounts  
than used in these experiments and can cause kidney damage 2'~. Inhihit ion of formate r', a0 
and glycine al utilization for nucleic acid formation may  be due to preferential formation 
of nucleotides from adenine. 

In addition to being rapidly incorporated into nucleotides, adenine is incorporated 
into RNA and I)NA. Maximal specific activi ty and time of maximal specific act ivi ty 
in RNA and I)NA are different for the tissues studied. The decreasing sequence of 
specific activi ty in the RNA at z day wets: large intestine, small intestine, stomach, 
kidney, hmg, liver, carcass, spleen and testis, l{t~owN, el a/. found the sequence in rat 
to be liver, kidney, intestine, spleen and testis'& a2, whereas Am¢=\MS found, in agreement 
with our experiments, tha t  the specific act ivi ty of intestine was higher than that  of 
liver a. The cause of the diflerences observed is not apparent.  Different specific activity- 
time relationships found for soluble nucleotides, RNA and I )NA would indicate tha t  
very little exchange occurs between tissues. 

A rapid half-life component  of 15 to rq hours, and a slow component with a half- 
life of 5 to 7.5 days for the disappearance of adenine-n(" are evident in small intestine, 
large intestine and stomach. In intestines, short-half-life fractions comprise 83% to 
93% of the radioact ivi ty  incorporated into RNA. In liver, sufficient data  were not 
obtained at short time intervals to obtain a fast component  comparable to that  reported 
by FRESCO ;\Xl) M.\RSH;\ld". A half-life of 5.5 days was found for liver in Series I based 
Ul)On the 3- to 2()-day data.  The RNA-adenine of other tissues had half-lives ranging 
from 5.5 to 7.o days for kidney to Io to 15 days for lung, carcass, spleen and testis. 

Calculations of apparent  half-life of RNA fractions based upon data  for apparent  
retention values of adenine derived from formate-~l( "22 yield similar apparent  half-lives 
for liver (7 days), kidney (7.7 days), testis (I~_ days), st)leen (5.7 days), but  since the 
calculations are hased solely on JT- and 24-day values, a significantly different value of 
4 days is obtained for small intestine where two component  rates appear  to exist. 

Four tissues (small intestine, large intestine, stomach, carcass) incorporated appre- 
ciable amounts  of adenine into the I)NA fraction. In the first three tissues, a fast- 
component  adenine with a half-life of I(i to 2o hours was found, while carcass had a 
fast-component  adenine with an apparent  halfqife of 35 hours. Each tissue had a slow- 
component  adenine with a half-life of 5 to 7 days. Seventy to ninety per cent of the radio- 
act ivi ty was incorporated into adenine of d~e fast IJNA component.  An apparent  half- 
life of z8 to ~3 hours for total 5-AMP, RNA adenine and I )NA adenine is to be compared 
with the est imated life for cells in intestinal mucosa in rat of 4 ° hours aa. This may  be 
evidence that  little re-utilization of these fractions occurs, but actual physical loss of 
cells from these tissues should be borne in mind. Other tissues incorporated only a small 
amount  of adenine in I )NA and estimates of half-life ranging from I6 to 4 ° days have a 
high degree of uncertainty.  

It should be reemphasized that  half-lives determined by techniques used in this 
series of experiments are only apparent  half-lives, and represent only time required for 
one-half of the labelled adenine molecules which have been incorlSorale~[ into a fraction 
to be replaced by unlabelled adenine molecules, either synthesized de novo or obtained 
from an exogenous purine source. Molecular fractions whose halfqives are determined 
in this s tudy are only fractions which have become labelled during the experiment. 
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Fractions such as DNA of liver and heart, which are being renewed only very slowly, 
take up very small amounts of adenine initially, so that a satisfactory estimate of renewal 
cannot be obtained. In tissues such as intestine, there may be fractions of RNA or DNA 
that are not being renewed, and which therefore do not become labelled and whose half- 
life is not evident. Any such fraction in intestine is probably small. No attempt has been 
made to fractionate DNA or RNA, either on the basis of physical properties or on the 
hasis of cellular fractions. Some evidence has been obtained for the inhomogeneity of 
DNA after labelling with formate 22 and considerable evidence has been obtained, particu- 
larly in liver and tumors, for cellular inhomogeneity of RNA. Evidence has also been 
obtained for inhomogeneity of RNA of a given cellular fraction at short time intervals 
after administration of 32P-phosphate, glycine-~C, and orotic acid-HC a4. Two-component 
rate curves obtained for the disappearance of adenine from nucleotide and nucleic acid 
fractions of several tissues clearly indicate the not unexpected overall inhomogeneity 
in metabolic rates of a tissue. 

The RNA/I)NA-adenine-l~C ratio varies widely from tissue to tissue (Table I), and 
it also varies as a function of time, so that a comparison of ratios at a single time interval 
may be misleading and may have only limited validity. In part, the change of this ratio 
with time may account for the diverse RNA/DNA specific activity ratios found in the 
literature after administration of a given precursor. 

Maximal specific activity of adenine in nucleic acids in all tissues except carcass- 
DNA occurs 24 to 48 hours after adenine has been administered. Adenine is essentially 
completely converted to nucleotides or to catabolites of adenine, principally hypo- 
xanthine and allantoin, within two hours after administration ~, 2. Catabolites of adenine 
have been shown to be poor precursors of nucleic acids 35 and thus it would appear that 
5'-adenylic acid nucleotides are serving as precursors of adenine in nucleic acids. If it is 
assumed that at short time intervals adenine is first incorporated into nucleotides before 
being incorporated into RNA, and that the mean specific activity of 5-adenylic acid 
derivatives is 2ooo dis/min//xg adenine for the first two hours in intestines, a renewal 
of over 20% of the RNA would be required to obtain the observed specific activity of 
425 to 475 dis/min//xg adenine in RNA of the small and large intestine*. In other words, 
an equilibration exists between the soluble nucleotides and RNA that is much more 
rapid than the apparent renewal of RNA. This would be in qualitative accord with 
results of experiments with a2P-phosphatO °. The other alternative is a "direct" in- 
corporation of adenine into RNA, or a route of incorporation that does not go through 
the 5-AMP pool. 

If similar calculations are made for the rate of incorporation of adenine into DNA 
of intestines during the first two hours after administration of adenine-14C, it is found 

* I t  has  been assumed t h a t  5-AMP nucleot ides  have  un i fo rm specific a c t i v i t y  wi th in  cel lu lar  
fractions. I so la t ion  of the  cold-TCA-soluble f rac t ions  in ce l lu lar  f rac t ions  by  cen t r i fuga t ion  in o.a 5:1I 
sucrose ind ica ted  t h a t  9o °o of the  r a d i o a c t i v i t y  in soluble  nucleot ides  was  local ized in the  cy t op l a smi c  
s u p e r n a t a n t  f ract ion and  lO°~ in the  m i t o c h o n d r i a l  f ract ion,  and  the  nuclear  and  mic rosomal  
f ract ions con ta ined  only  I to  2 ~o of the  r a d i o a c t i v i t y  1. A s imi lar  d i s t r i bu t i on  of u r idy l ic  acid nucleo- 
t ides  is sugges ted  from e x p e r i m e n t s  wi th  orot ic  acid t4, excep t  t h a t  the  mic rosomal  r a the r  t h a n  the  
nf i tochondr ia l  f ract ion was found to  con ta in  a p p r o x i m a t e l y  7 °o of the  acid-soluble  r a d i o a c t i v i t y  
a t  2, 4 aud  8 hours. E x p e r i m e n t s  a6 in which ce l lu lar  f rac t ions  were i so la ted  in non-aqueous  med ia  
sugges t  t h a t  a large f rac t ion  of the  ATP of a cell m a y  be local ized in the  imcleus  and  in the  mi to-  
chondria .  If  this  is the  case, a s t u d y  of ce l lu lar  d i s t r i b u t i o n  of nuc leo t ide  specific a c t i v i t y  as a func t ion  
of t ime  is desirable.  EDMONDS AND LEPAGE h a v e  found  the  nuclear  and  cy top la smic  nuc leo t ides  
of F l exne r - Job l i ng  ca rc inoma  to have  only s l igh t ly  different  specific ac t iv i t i e s  shor t ly  af ter  adminis -  
t e r ing  glycine. They  found abou t  lo  ° o of the  soluble nuc leo t ides  in the  nuc lea r  f rac t ion  aT. 

Re/ere~ces p. 5r 4. 



517Z I,;. 1.. BF.NNI.;TT, t~. J. 1,2RUICCI(tr.L \{)1.. 17 (n~55) 

tha t  the calculated renewal of 7% to 8% based upon tile observed half-life <)f adenine 
in I )NA of intestines is of the same order of magnitude as tile incorporation of adenine- 
i4C, assuming that  compounds of the 5-AMP pool serw' as intermediates. The la~ in 
incorporation of adenine-lR~ into DNA its compared to RNA 2 is consistent with a 
mechanism of relatively rapid reversible formation of RNA from soluble nuch'otides 
and slower formation of DNA also from nucleotides. 

Additional evidence that  5-AMP nucleotides are direct precursors of RNA adenine, 
perhaps sole precursors in intestines, is the striking correspondence of specific activi ty 
of RNA adenine and 5-AMP adenine in both small and large intestine subsequent to 
two days after administration. : \  close correspondence of specific act ivi ty of 5-AMP 
adenine and RNA adenine of carcass was also found, but until the;e values have been 
separately determined in muscle and bone marrow the significance, is uncertain, in most 
tissues studied, a close relationship was found between the half-life of 5 ' -AMP adenine 
and RNA adenine. 

The liver, a tissue in which the most extensive studies of specific activities of mmlco- 
tides and nucleic acid fractions have been made", 1~, as, does not appear to have the close 
correspondence of nucleotide and RNA specific activities after adenine-4,~>14C adminis- 
tration. At periods up to 3 days after adenine administration the specific activi ty of 
the RNA adenine is less than that  of the 5-AMP adenine, while at later periods it is 
greater. 

Considerable indirect evidence has been aCCllliltllated in the past several years tha t  
soluble nucleotides within a tissue may  serve as precursors of nucleic acids ~, la,, ~, av, as, a9, a0. 
The present concept of RNA structure its a polymlcleotide chain in which individual 
nucleotides are linked by phosphodiester linkages between 3'- and 5'-positions of ribose 
moieties n,~2 focuses at tention on 5'-nucleotides as logical intermediates for the for- 
mat |on  of RNA and perhaps even DNA. The 5'-nucleotides have been found to be normal 
const i tuents  of tissues a9, 43. 

M.\mCL\N has presented evidence that  regenerating rat liver is able to utilize purines, 
probably acid-soluble, from its environment  for formation of DNA 4°. Because of in- 
sufficient data  on the amount  of liver removed, one is unable to calculate whether 
newly-formed RNA could have also arisen in part  from the soluble nucleotide fraction. 

Orotic acid-~lC was preferentially and rapidly utilized in rat liver ~3, ~. At short-t ime 
intervals after administration, orotie acid was incorporated primarily into acid-soluble 
derivatives of uridylic acid which subsequently were converted into liver RNA. From 2 

to i6 hours, the specific activi ty of the nuclear RNA maintained a specific activi ty of 
about  one-half of tha t  of acid-sohlble uridylic derivatives*. Up to It) hours cytoplasmic 
RNA specific activi ty did not parallel that  of acid-soluble uridine phosphates;  da ta  
enabling a direct comparison to be made at later time intervals were not given. I t  would 
be expected, however, tha t  a closer correlation between RNA specific act ivi ty and that  
of soluble uridylic acid derivatives would be found during the I6- to 9*-hour period in 
liver. FRI~sc() ~\Nn M:\~SHMd ~ have compared acid-solnble adenine, nuclear NNA 
adenine and cytoplasmic RNA adenine in mouse livers and have obtained rather  similar 
results. 

A close correlation of the specific activities of nucleotides obtained from RNA and 
acid-soluble nucleotides in Flexner-Jobling rat carcinoma after administrat ion of 
glucose-r-l~(" has been observed '~. Nucleotides derived from DNA had consistently 

*>~;~77,,,TG,,t< I,~ve 5 , '  
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l ower  specif ic  a c t i v i t i e s  t h a n  t h o s e  d e r i v e d  f r o m  R N A  a n d  r e s u l t s  a re  n o t  i n c o m p a t i b l e  

w i t h  t h e  f o r m a t i o n  of d e s o x y r i b o t i d e s  f r o m  r i b o t i d e s .  Ros~,; .\ND SCHWEIGERT h a v e  also 

f o u n d  e v i d e n c e  for  D N A  f o r m a t i o n  f r o m  n u c l e o t i d e s  w i t h  c y t i d i n O L  

I t  w o u l d  be  e x t r e m e l y  d e s i r a b l e  to  h a v e  a d d i t i o n a l  e x p e r i m e n t s  in  w h i c h  a com-  

p a r i s o n  of specif ic  a c t i v i t y  of a c i d - s o h l b l e  n u c l e o t i d e s  a n d  nuc le i c  ac ids  is m a d e  in 

s e v e r a l  t i s sues  a n d  a t  s e v e r a l  t i m e  i n t e r v a l s ,  p a r t i c u l a r l y  a f t e r  a d m i n i s t r a t i o n  of f o r m a t e  

or  g lyc ine .  1.1~;P=\(;I~ h a s  c o m p a r e d  t h e  i n c o r p o r a t i o n  of glycine-2-x~C i n t o  a c i d - s o h l b l e  

g u a n i n e  a n d  a d e n i n e  d e r i v a t i v e s  a n d  nuc le ic  ac id  g u a n i n e  a n d  a d e n i n e  in  in  v i t ro  

s y s t e m s  4a. I n  al l  cases  t h e  specif ic  a c t i v i t y  of nuc l e i c  ac id  f r a c t i o n s  was  less t h a n  t h o s e  

of so lub le  nuc l eo t i de s .  A s i m i l a r  c o m p a r i s o n  in  v ivo  g a v e  c o r r e s p o n d i n g  r e s u l t s  w h i c h  

h a v e  b e e n  i n t e r p r e t e d  as  s u g g e s t i n g  a n  i n t e r r e l a t i o n s h i p  b e t w e e n  ac id - so lub l e  n u c l e o t i d e s  

a n d  nuc le ic  acidsaL D a t a  f r o m  s t u d i e s  t h a t  h a v e  c o m p a r e d  specif ic  a c i t i v i t y  of A T P  of 

n m s c l e  w i t h  t h a t  of R N A  a n d  D N A  of v i s c e r a  a f t e r  f o r m a t e  or  g l y c i n O  6 or  a d e n i n O :  

a d m i n i s t r a t i o n  a re  n o t  a p p l i c a b l e .  

If, as  s u g g e s t e d ,  a c i d - s o l u b l e  5 ' - n u c l e o t i d e s  a re  i n t e r m e d i a t e s  in  nuc l e i c  ac id  syn -  

thes i s ,  one  c a n n o t  o v e r e m p h a s i z e  t h e  impc, r t a n e e  of d e t e r m i n i n g  t h e  i n c o r p o r a t i o n  of 

c o m p o u n d s  t h a t  a re  b e i n g  i n v e s t i g a t e d  as  nuc l e i c  ac id  p r e s u r s o r s  i n t o  t h e  ac id - so lub l e  

n u e l e o t i d e  f r a c t i o n  as well  as  i n t o  t h e  nuc l e i c  ac ids .  F u r t h e r  e x p e r i m e n t s  a re  o b v i o u s l y  

n e c e s s a r y  to  d e t e r m i n e  t h e  i n c o r p o r a t i o n  of n u c l e o t i d e s ,  p a r t i c u l a r l y  5 ' - n u c l e o t i d e s  s u c h  

as  5 - A M P ,  i n t o  ac id - s o l ub l e  n u c l e o t i d e s  as wel l  as i n t o  R N A  a n d  D N A .  2 '-  a n d  3 ' -  

nucleotides48,  49 h a v e  b e e n  a d m i n i s t e r e d ,  b u t ,  as d i s c u s s e d  e l sewhere ,  e m p h a s i s  s h o u l d  

p e r h a p s  be  p l a c e d  on  5 ' - n u c l e o t i d e s .  A m o r e  c o m p l e t e  k n o w l e d g e  of t h e  m e c h a n i s m s  

b y  w h i c h  t h e  n u c l e o t i d e s  a re  f o r m e d  a n d  u t i l i zed  s h o u l d  a id  g r e a t l y  in  o u r  u n d e r s t a n d i n g  

of nuc l e i c  ac id  f o r m a t i o n  a n d  r e n e w a l .  

ACKNOWLEDGEMENT 

T h e  a u t h o r s  a re  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  MELWX CALVIN for  a d v i c e  a n d  

e n c o u r a g e m e n t  on  t h i s  i n v e s t i g a t i o n .  

T h i s  w o r k  was  d o n e  u n d e r  t h e  ausp i ce s  of t h e  U.S.  A t o m i c  E n e r g y  C o m m i s s i o n .  

S UMMARY 

Adeniue has been shown to be extensively utilized for formation of acid-soluble adenine nucleo- 
tides and for formation of RNA and DNA in C i 7 mice. The "apparen t  half-lives" of adenine in 
nucleotides, RNA and DNA of the organs of the mouse have been calculated, and a " fas t" -  and 
a " s l o w " - c o m p o n e n t  adenine were found in the adenine-containing fractions in several tissues. 
Evidence is presented tha t  soluble adenine nucleotides serve as precursors for RNA and DNA, and 
tha t  the equilibration of nucleotides with RNA is relatively rapid in large and small intestines and 
probably also in bone marrow. The desirability of more extensive data  for nucleotide and nucleic 
acid specific activity as a function of t ime with several precursors is emphasized. 

RIs"SUMI;; 

L'addnine est utilis6e en grande partie pour la formation ties ad6nine-nucldotides acide-solubles 
et celle du ARN et du ADN par des souris (;5> Les "demi-vies apparentes"  de l 'ad6nine dans les 
nucldotides, le ARN et le ADN des organes des souris ont dtd calcul6es, et deux formes d'addnine, 
une "rapide"  et une "lente",  ont 6t6 raises en 6vidence dans les fractions de plusieurs tissus qui 
contiennent  tie l 'addnine. Les r6sultats montrent  que les addnine nucldotides solubles servent tie 
prdcurseurs du ARN et du ADN et que l ' (quilibre entre les nucldotides et le ARN est a t te int  relative- 
ment r i te  dans le gros et dans le peti t  intestin et sans doute aussi dans la moelle osseuse. Les auteurs 
insistent sur l ' intdr4t que prdsenteraient des ddterminations plus nombreuses de l 'activit6 spdcifique 
de nucldotides et des acides nuch'dques en fonetion du temps avee divers prdcurseurs. 

l?c/erel~ces p. 514 . 
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Z [ ' S A M M E N I : A S S I ! N ( ;  

E s  w u r d e  b e w i e s e n ,  d a s s  A d e n i n  bei CaT-Miiusen w e i t g e h e m l  z u r  B i l d u n g  y o n  s f i u r C 6 s l i c h e n  
A d e n i n n u k l e o t i d e n ,  s o w i e  r o l l  R N A  u n d  I ) N A  b e n i i t z t  w i r d .  Die  " s c h e i n l m r e  h a l b e  l x ? b e n s d a u e r "  
y o n  A d e n i n  in N u k l e o t i d e n ,  R N A  u n d  1 ) N . \  d e r  M a u s o r g a n e  w u r d e  e r r e c h n e t  : m e h r c r e  G e w e b e  wiesen  
a d e n i n h a l t i g e  F r a k t i o n e n ,  m i t  e i n e r  " s c h n e l I e n "  u n d  e i n e r  " l a n g s a m e n "  A d e n i n k o m l / o i m n t e  au f .  

E s  w e r d e n  B e w e i s e  d a f i i r  m l g e f / i h r t ,  d a s s  16sl iche A d e n i n n u k l e o t i d e  a ls  V o r g i i n g e r  fiir R N A  
u n d  I ) N A  d i e n e n  u n d  ( lass  im D i c k -  u n d  l ) i i n n d a r m ,  s o w i e  im K n o c h e n m a r k ,  \ - e r h i t l t n i s m f s s i g  s c h n e l l  
e in  G l e i c h g e w i c h t s z u s t a n d  z w i s c h e n  N u k l e o t i d c n  m i d  P, N A  e r r e i c h t  w i r d .  

E s  w i r d  (lie \ V i c h t i g k e i t  b e t o n t ,  w e i t e r e  . \ n g a l ) e n  1)e t ref fend (lie s p e z i t i s c h c  A k t i v i t f i t  ro l l  
N u k l e o t i d e n  u n d  N u k l e i n s f i u r e ,  s i s  c inc  l e u n k t i o n  d c r  Zei t ,  m i t  m c h r e r e n  \ ' o rg~ ingo r l l  zu  e r l a n g e n .  
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