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I N C O R P O R A T I O N  OF l 'C-FORMATE AND 

(2-1*C)-GLYCINE INTO NUCLEIC ACID BASES OF T H E  RAT L I V E R  

I N  V I V O  AND I N  V I T R O  

A. S I B A T A N I "  

Biochemistry Department, University o/Glasgow (Scotland) 

Studies on the incorporation of 14C-formate into the bases of ribonucleic acid (RNA) 
and deoxyribonucleic acid (DNA) in various animal tissues in vivo and in vitro have 
revealed several interesting features. Unlike adenine, formate is incorporated into 
RNA of the normal rat liver only very slightly 1, and the specific activity ratio of 
RNA/DNA for normal fiver is usually much lower than the ratios obtained with most 
other precursors such as labelled adenine, orotic acid, or inorganic phosphate 2. This 
property of formate is shared by the labelled glycineS, 4. It  has also been reported 
that 14C-formate is actively incorporated not only into RNA but also into DNA in 
liver slices of normal rats in vitro 5. Under certain conditions a striking difference has 
been observed in the extent of formate incorporation into the purines and into 
thymine. Thus, the incorporation of 14C-formate into nucleic acid purines is greatly 
reduced in such tissues as bone marrow or Ehrlich ascites carcinoma cells under 
in vitro conditionse, 7, or in thymus in vivo after X-irradiation 8, while incorporation 
into DNA thymine is not affected under the same conditions. 

In order to obtain more information about the nature of the 14C-formate in- 
corporation into the nucleic acid bases, experiments were conducted using normal 
and regenerating rat livers in vivo and in vitro with and without X-ray irradiation. 
In addition, (2-14C)-glycine was also employed for comparison. 

In planning the experiments of this type, it was realised that formate and glycine, 
unlike other precursors of nucleic acids, are readily incorporated into proteins. Even 
slight contamination of final samples of nucleic acid bases by amino acids may thus 
lead to erroneous results, especially when the uptake of these precursors by nucleic 
acid bases is very slight. These considerations led to the development of a rapid and 
convenient method which eliminates the possibility of such contamination. 

EXPERIMENTAL 

A nimals 
Young adult  ra ts  weighing 175 ~_ 25 g were used. Partial hepatec tomy was conducted by removing 
the central and left lateral lobes of the liver under ether  anaesthesia. The operat ions were carried 
out  between 9.oo and i i .oo A.M. unless otherwise stated. Isotopic exper iments  were s tar ted 
17-24 hours after operation. 
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Irradiation 
The an ima l s  received e i ther  lOO r or 5oo r of whole t×~(1,," X- i r radia t ion ,  unti l tered,  a t  2oo r.p.m. 
from an Aeromax  l -  tube  (87kV,  5 m:\)  a t  var ious  t imes  before or af ter  par t ia l  hepa tec t , ,my.  

Procedures [or isotopic incorporatio~l 

For in vivo e x p e r i m e n t s  I oo t~c of 14C-formate or (2-14C)-glycine were injected in t r ape r i tonea l ly  
into normal  and pa r t i a l l y  hepa tec tomised  rats.  l ;our  (n" 24 hours  later,  t i le an ima l s  were kil led 
and tile l ivers  per tused wi th  physiological  sal ine and frozen in solid ( 'O2-ethanol mix ture .  Each 
liver was processed sepa ra te ly  in subsequen t  t r e a tmen t .  Usual ly  dup l ica te  an ima l s  were employed  
f - r  one observa.tion. 

For  in vitro studies,  slices of abou t  0. 3 mm th ickness  were prepared  from non-perfused l ivers 
wi th  the aid of the t issue chopper  of Mch.wAI.~ AND BUDI)LE 9. L'suallv 2-3 l ivers were pooled 
for one observa t ion .  The slices were incuba ted  essen t ia l ly  in accordance  with the method  of 
]¢.~:ICHARD l°. Por t ions  weighing I. 5 g were t ransfer red  in dup l i ca te  to 5o ml o m i c a l  flasks wi th  
5 ml of Krebs -Ringer  b ica rbona te  1)ut~er (wi thou t  ('a('l~) con ta in ing  t4('-l)recursors a t  the final 
concen t ra t ion  of 5 / l c / m l .  The flasks were shaken  at  37 '~ fl)r 7-8 hours  while o x y g e n - c a r b o n  d ioxide  
(95 c~i, 5 °.o) m ix tu r e  was s lowly passed th rough  them. No serious bacter ia l  c o n t a m i n a t i o n  occurred 
if the l lutter  solut ion was prepared  freshh" each t ime.  : \ t  the  end of the incuba t ion  the med ium 
was filtered off, the  slice washed with small  volumes  of o .13 I  c i t r a t e  buffer, p l t  .1.5, suspended 
in the same buffer and frozen immedia te ly .  

Neparation o/ nucleic acids 
The frozen samples  were thawed,  homogenised briet lv with a Po t t e r -E l veh j em glass homogeniser  
wi th  persl)ex pest le  in the c i t r a t e  buffer men t ioned  above.  The homogena te  was centrifl2ged and 
the sed iment  washed with ice-coM buffer and resuspended in lo  ml of o.o25 ..11 d i sodium phospha te -  
11('1 l)ufler, pH 7.'t, con ta in ing  o.~,'!i, Na('l. One ml of sodium dodecy l su lpha te  solut ion (5 ~iJ in 
4 5 %  ethanol)  was added  and the nucleic acids  were ex t r ac t ed  a t  Ioo ~ for io  rain. o. 5 g NaCI 
was added  and the mix tu r e  was centr i fuged.  The s u p e r n a t a n t  tluid was then shaken  briefly with 
- ml of chloroform and centr i fuged for 2o min a t  3ooo r.p.m. The wa te r  layer  was recovered, 
t rea ted  wi th  -I vol. of e thanol  and  left a t  least  - hours. The flocculent p rec ip i t a t e  was centr i fuged.  
the  sed imen t  d issoh 'ed  in 3 ml of dis t i l led wa te r  to yield at water -c lear  solut ion.  Nucleic acids  
were repreci t ) i ta ted wi th  7 ml of e thanol  and  washed  wi th  e thano l  and ether .  The dried nucleic 
acids  were t aken  up in 4 ml of dis t i l led water ,  which was then acidified with i ml of i N ItCIO~ 
in an ice bath.  "l'he p rec ip i t a t e  was i m m e d i a t e l y  centrifuge.d and washed first with 0 ml of al)solute 
e thanol .  The dried nucleic acids  were then  incuba ted  in t illl of o. 3 N KOH at  37" overn ight .  

The a lka l ine  hyd ro ly s a t e  was acidifie(t with io  :V HC10,  and  cent r i fuged in the cold. The 
superr, a t a n t  (RN. \  fraction) was dr ied in a v a c u u m  desiccator .  The sed imen t  was washed once 
wi th  0 ml of ice-cold o. 5 N tl( ' lO.p cent r i fuged and resuspended in 4 ml of ice-coM dis t i l led water .  
The suspension was made  a lka l ine  with at fl;w drops  of I N NaOH unti l  t i le p rec ip i t a t e  of KCIO, 
and DN.\  was comple te ly  dissolved.  One ml of chil led i N HCI was added  t,, p rec ip i t a t e  the 
DN.\  which was washed once with 5 ml of cold ethanol .  

.S'eparati(,n o[ the bases 
The RN. \  and  I)NA fract ions were hydro lysed  wi th  o.t ml ~2 N IICIO.~ a t  i o o  for l hour. They 
were then t r ea ted  wi th  o.l 5 ml io  N K O H  and o.t ml ~; N ItC1, and  if necessary,  d i lu ted  wi th  
o.l ml .V HCI, and  the sed imen t  was spun down. "[he water -c lear  s u p e r n a t a n t  was used for paper  
c h r o m a t o g r a p h y  with b u t a n o l - N  t I ,OH 11 for 4 ° -48 hours on a sl ,eet of \ V h a t m a n  No. i t i l ter  paper.  
T h y m i n e  spots  were e lu ted  from the  paper  d i rec t ly  with o.r N or x . 6 N  HCI. Transverse  s t r ips  
con ta in ing  guanine  and adenine  spots  were r ech roma tog raphed  in the second dimension wi th  
d is t i l led  wa te r  as a deve loping  agen t  for i lmur  (l 8 cm). Any c o n t a m i n a t i n g  amino  acids  t rave l led  
up to the  so lvent  f ront  in this  sys tem.  Occas iona l ly  ove r l app ing  pyr imid ines ,  with an t¢ F ot 
abou t  o.,S in dis t i l led water ,  could be e l imina ted  a t  this  s tep from the pur ines  whose R F values  
lay aromM o.4. A por t ion of guan ine  (probably  the free base) remained  a t  t i le origin in the f irst  
rt~n with a lka l ine  solvent .  Before running  in dis t i l led wa te r  the  two guanine  spots  were mois tened  
with a drop of r N IICl, dried, exposed to NH4OH vapour  and then aga in  dried. Unless th is  was 
done, guan ine  did not move sa t i s fac to r i ly  in d is t i l l ed  water .  Paper  c h r o m a t o g r a p h y  of nucleic 
acid bases in wa te r  was a t t e m p t e d  byL~vENBOoK using dis t i l led wa te r  a t  pH to (cited byXVva'rTla). 
His l isted RF values  are very  close to those ob ta ined  in th i s  l abo ra to ry  wi th  plain dis t i l led water .  

: \denine  and guan ine  were e luted from the c h r o m a t o g r a m  wi th  o. 1 N (or x.6 N) and 1.0 N 
I-ICI, respect ively .  

Separation o/acid-soluble purines 
A por t ion  of the l iver  samples  in in vivu e x p e r i m e n t s  was homogenised in o.2 .\: ItCIO 4 and cei1- 
t r i fnged  in the cold. The s u p e r n a t a n t  was neut ra l i sed  wi th  io N KOl t ,  the p rec ip i t a t e  of KC1Ot 

lG'/ercnces p. 5~)9. 



594 A. SIBATANI VOL. 25 (1957) 

centrifuged off, and the superna tan t  evaporated to dryness over a s team bath.  The residue was 
hydrolysed with 12 N HCIO v and then processed as in the case of nucleic acid bases. The bases 
were extracted repeatedly with butanol  from the hydrolysate in HCI, the combined butanol  layers 
were concentrated over the s team bath,  and the bases separated by two-dimensional paper  
chromatography  with i sopropanol-HC113 and bu tano l -NH4OH.  Each spot  was cut  out  and re- 
chromatographed with distilled water  on to a filter paper  str ip a t tached by stapling. Adenine 
and hypoxanth ine  spots, which could be detected easily in the ultraviolet, were eluted as in the 
case of nucleic acid bases, 1.6 N HCI being used for the latter. 

Prote in  

The precipitate of the tissue homogenate  in 0.2 N HCIOi was used as the s tar t ing material. 
Nucleic acids were removed by hot trichloroacetic acid extraction. The protein residue was then 
extracted with lipid solvents and dried. 

M e a s u r e m e n t  o / s p e c i f i c  ac t iv i ty  

Samples were plated in infinitely thin layers on nickel planchets and counted in end-window 
counters  at tached to conventional scaling units. Specific radioactivity was expressed in c.p.m./ 
/tmole of the bases or c .p .m./mg protein, and then converted to relative specific activity which 
is given by : 

Relative specific activity = Specific activity of the bases or protein 
- -  • X I 0  e 
c.p.m.//~mole of the radioactive precursor used 

RESULTS 

Incorporation into DNA and RNA 

Results of the in vivo and in vitro experiments of formate incorporation using normal 
and regenerating livers are shown in Table I. The very slight amounts of 14C-formate 
incorporated both in vivo and in vitro into the bases of DNA suggest a very low rate 
of synthesis of DNA in normal liver. The high specific activities of DNA bases ob- 
tained for regenerating liver in vivo and in vitro are by no means unexpected since 
in this tissue there is an extensive net synthesis of DNA. I t  should be noted, however, 
that  14C-formate was poorly incorporated by DNA in vitro in I7-hour regenerating 
liver, whereas a slight but significant incorporation of a4C-formate was observed 
in vivo for 17-21 hours after hepatectomy. This observation suggests, in confirmation 
of the results of HECHT AND POTTER 14, that the production of a cellular mechanism 
for DNA biosynthesis was not completed until some time between 17 and 21 hours 

T A B L E  I 

I N C O R P O R A T I O N  OF 1 4 C - F O R M A T E  INTO N U C L E I C  A C I D  B A S E S  IN N O R M A L  A N D  R E G E N E R A T I N G  L I V E R  

Number Period Duration RelaZive specific aaivity 

o~ o/ o/ DNA RNA Ratio RNA/DNA Condition observations regeneration* incorporation 
h h Ad Gu Tit ad gu ad/Ad gu/Gu 

I n  vivo 2 o 4 (x .5) (2) (0.5) 9 6 6 3 
I n  vivo i o 24 (9) (I3) (5) 205 96 22 7.2 
I n  vitro 2 o 7-8 (18) (9) (9) 443 88 25 9.8 
In  vivo I 17"* 4 27 lO9 19 I44 498 5.3 4 .6 
In  vitro I i 7 8 (4) o (4) 255 164 64 ~ 164 
I n  vivo 2 24 4 I12 276 63 e l i  451 1.9 1.6 
I n  vitro to 24 7-8 242 lO2 228 933 286 3.9 2.8 

A d ,  Gu and T h  denote adenine, guanine and thymine  of DNA and ad  and gu denote adenine 
and guanine of RNA. Figures in parentheses are derived from counts  less than  50% of the 
background. 

* Normal liver is listed as o hour. 
*" Partial hepatec tomy was carried out  between 2.00 and 4.oo p.m. 
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.\" umb*'r o/ o] " 
Condition o] regeneratton incorporation 

°l'scrvati°ns h h 
.4 d 

1t l  v i v o  l o 4 I " )  

I n  v i v o  l o 24 (5) 
I n  v i t r o  I o ,~ (6)  

h i  v i v o  l '-4 -I 6 t  

I n  v i t r o  2 24 7 8 303  

See "Fable I for explanation 

T . \  HI.I . ;  11 

INCORPORATION "f)F (2-14(-')-GL'~'CINE INTO NUCLEIC ACID BASES IN NORMAl. AND RI'IGENERATINt; I.[VEI¢ 

Perlad Duration ICelah'l,¢ ";pe'ctfic acl lr l ly  

D.\','t N.V..f Ra tw  I¢.VA ILV.4 

Gu Th ml L:tt ad .4d ~u Gu 

(5) ( ' )  - '7 .3.t I 7 o .~  
( IO)  (3) 121 (tl 24 O.l 

(lo) (1) 3.57 .52 5.5 .5.z 
I 5 2  (18) 13o 2 7 2  2 .2  l . S  

()(1 13 8 I 1 7.5 2o2 3 .0  2 .0  

of symbols etc. 

after hepatectomy, and that, once the liver was removed from the organism, this 
process could not be continued in vitro even under the conditions which permit of 
actual DNA synthesis. 

On the other hand, llC-formate was extensively incorporated into the RNA 
purines of normal liver in vitro and of regenerating liver in vivo and in vitro. The 
incorporation into RNA bases in normal liver in vivo was extremely poor in 4-hour 
experiments, although it attained a significant level 24 hours after injection of the 
isotope. 

I t  should be noted that  in vivo and in vitro 14C-formate was incorporated only 
into the purines and thymine of the nucleic acids. No incorporation into cytosine 
and uracil could be detected. 

Table II  shows the results of similar experiments using (2-a4C)-glycine. I t  is clear 
that glycine showed a trend more or less similar to that  of formate, although the 
picture was at times less clear cut than that  with formate. 

Because of the lack of uniformity in conditions of in vivo and in vitro experiments, 
no direct comparison of the figures obtained in the two systems is feasible but it is 
possible to compare relative values. With both formate and glycine the specific 
activity ratios of RNA/DNA for adenine and guanine showed some tendency to be 
higher in vitro than in vi',,o. In the formate experiments lasting 4 hours in vivo, the 
incorporation into RNA purines was so low that reasonable values for the RNA/DNA 
ratio could not be expected. Otherwise the RNA/I)NA ratio was higher than 2o for 
adenine in normal liver and also in I7-hour regenerating liver in vitro, while 24-hour 
regenerating fiver gave much lower values. The RNA/DNA ratio for guanine was 
usually lower than that for adenine. 

Incorporation into acid-soluble purines and protein 

In one experiment (Table [II) measurements were made of the specific activity of 
acid-soluble purines and of protein. Both normal and regenerating livers showed a 
considerable variation among individuals, but the specific activity ratios of acid- 
soluble adenine/RNA adenine aim of protein/RNA adenine were in general sur- 
prisingly uniform in duplicate, animals of their respective groups. I t  should be noted 
that  in regenerating liver there was only a slight decrease in the ratio of acid-soluble 
adenine/RNA adenine for both precursors, while the ratio of protein/RNA adenine 
was reduced markedly in the regenerating liver as compared to the normal liver 
especially in the formate experiment. The specific activity of hypoxanthine was 
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TABLE I I I  

INCORPORATION OF 14C-FORMATE AND (2-14C)-GLYCINE INTO RNA, INTO ACID-SOLU~ILE PURINES0 
AND INTO PROTEIN in  v ivo  (4 hours) 

Rd.a~ive spe, cifi~c a~iMy Ratio 
. . . . . . . . . . .  A cid-soluble Ratio 

Liver Precursor RNA Acid-soluble adenine Protein 

Adenine Adenine Hypoxant.hine RNA adenine RNA adenine 

Normal  Formate  9 59 106 3 t 6.0 3-4 
t6 to 7 182 36 6. 7 2. 3 

Regenerating Formate  I59 769 113o 6.5 4.8 o.4I 
66 274 394 47 4 .I o.7I 

Normal  Glycine 42 322 933 183 7.7 4.4 
12 85 250 302 7.1 25 

Regenerating Glycine I68 lOIO I61O 64I 6.0 3.8 
92 47 ° 77 ° 282 5.1 3.1 

Protein 

Individual figures represent determinat ions on separate animals. 

consistently higher than that  of adenine under different conditions tested. Thus it 
seems probable that,  in vivo, the de novo synthesis of purines in general is relatively 
inactive in the normal liver and enormously enhanced in the regenerating liver. 

Difference between in vivo and in vitro systems 

The relative magnitudes of the specific activities of the individual bases of the nucleic 
acids in vitro are markedly different from those in vivo. This can be seen clearly from 
Figs. I and 2. Thus, except in DNA in normal liver in vivo and in vitro and in RNA 
in normal liver in vivo (4 hours), in which the specific activities were very low, the 
specific activity of the individual bases in a number of independent experiments 
decreased consistently in the order adenine "=.  thymine > guanine in vitro (7-8 
hours) and guanine > adenine > thymine in vivo (4 hours). In a 24-hour experiment 
in vivo with normal liver, the specific activity of RNA adenine was higher than that 
of RNA guanine as was also found in vitro. In general the results with glycine agreed 
with those for formate, but the specific activity of thymine was lower than that of 
adenine. 

E~ect o~ X-irradiation 

Table IV shows the reduction of formate incorporation into DNA and RNA bases 
in vitro in slices of the regenerating liver taken from rats receiving 500 r at different 
times before and after hepatectomy. The results of some preliminary tests with ioo r 
are also included. In all cases the animals were killed and the experiment started 
24 hours after hepatectomy. 

The general effect is a reduction of incorporation of x4C-formate into DNA bases 
in all cases except where irradiation immediately preceded killing. Incorporation into 
RNA purines was also affected in most cases but to a lesser extent. The effect of 
irradiation with IOO r seems to be of shorter duration and perhaps more specific for 
DNA. These results are in agreement with those of CATER et al. x5 using ~2p in vivo, 
and suggest that  the production of the DNA synthesising mechanism rather than 
the synthesis of DNA per se is affected by irradiation. The incorporation of formate 
into different bases was uniformly depressed by X-rays, the agreement between 
adenine and thymine of DNA being especially good. The specific activity of guanine 
was much lower than that  of adenine and must be subject to larger errors. 

R e # r e n c e s  p .  599 .  
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F ig .  2. The  speci f ic  a c t i v i t y  r a t i o  of 
t h y m i n e / a d e n i n e  in I ) N A  of r e g e n e r a t i n g  
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Fig.  z. 

.".. w i t h  (2-14C)-glycinel  i n  v ivo ,  d u r a t i o n :  
O w i t h  14('-tornTate I 4 hours .  

• w i t h  (2-1"K')-glycine ~ in  v i tro ,  d u r a t i o n  : 
• w i t h  14( ' - formate  I 6 - 8  hours .  

T A B L E  1V 

T I I E  E F F E C T  O F  T O T A L  BOD~," X - I R R A D I A T I O N  O N  T H E  iP~ v i t Y o  I N C O R P O R A T I O N  O F  I ' I ( ' - F O R M . A ' r E  

I N T O  L I V E R  R N G I . 2 N E R A ' r I N G  2 4 H O L I R S  A F T E R  P A R T I A L  I I E P A T E C T O M Y  

I rradia t ion  l ,u-orporation as per gent o] control 

I )N.4 R N A  
Dose T i m e "  

r h A d e n i n e  Guanine  T h y m i n e  A d e n i n e  Guan ine  

5oo .... b"  * 48 
500 o 5 x 
5 0 0  O 2()  

5oo 0 08 
5 ° 0  7 48 
5 o o  1 2 `81 

5 0 0  12 () 2 

500 t 7 * * 5 
500 t 7 5 o 
500 24 133 
1 0 0  o I 2 0 

I o• 0 b8 

5 ° 48 83 I 13 
h5 40 83 01 

20 ,85 
5" 79 88 5~ 
44 4 ° 65 47 
87 78 02 I 13 
5 2 81) ic)t~ 7 ° 
I5 5 -'l 3 L 
3 ̀8 5 ~) 93 96 
70 T 0 2  1 5 7  1 2 0  

1 4 3  I 2 2  - • 

83 03 1o3 87 

* F i g u r e s  in t h i s  c o l u m n  refer  to  the  t i m e  of h e p a t e c t o m y .  I r r a d i a t i o n  p r e c e d i n g  h e p a t e c t o m y  
is i n d i c a t e d  by  a n e g a t i v e  s i g n ;  t h a t  i m m e d i a t e h "  before  h e p a t e c t o m y  b y  0;  a n d  t h a t  a f t e r  h e p a -  
t e c t o m y  b y  p o s i t i v e  va lues .  

** H e p a t e c t o m y  in t he se  cases  was  c o n d u c t e d  b e t w e e n  4.00 a u d  5.o0 p . m .  

R e / e r e n c e s  p . . 5 9 9 .  

3 C) 
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DISCUSSION 

The observation that a4C-formate and (2-14C)-glycine are poorly taken up by DNA 
of the resting fiver but extensively incorporated into DNA of regenerating liver 
2 4 hours after hepatectomy is in fine with the results obtained with other precur- 
sors3,1e, 1~. Significant values for the incorporation of glycine and of formate into 
normal rat fiver DNA in vivo or in vitro have been reported 4,5,sl, and in most of 
the previous reports with normal rat liver, labelled formate and glycine gave specific 
activity ratios for RNA/DNA ranging from I to 5. These values were considerably 
lower than those obtained with other labelled precursors such as adenine, orotic acid 
or orthophosphate, which usually gave values higher than 20 z, and they were assumed 
by some workers s,4 to indicate a metabolic instability of DNA purines without tile 
integrity of the polynucleotide backbone being affected. 

In the present study, however, RNA/DNA ratios higher than 20 were obtained 
both in vivo and in vitro for adenine in normal liver with both l'C-formate and (2-14C) - 
glycine. These values are similar to those obtained with s2P-orthophosphate in vivo 
under the same conditions TM. The corresponding values for guanine were significantly 
lower than those for adenine, but were nevertheless higher than most of those reported 
by previous workers*. I t  is possible that low values for the RNA/DNA ratio as ob- 
tained by some authors with labelled formate and glycine might be due in part to 
contamination of DNA base samples by radioactive amino acids. The present results 
strongly indicate the stability of DNA purines in resting fiver, and lend support to 
the conclusions of other workers 18-2~ on the metabolic inertia of the DNA molecule. 

The systematic change in the relative magnitude of the specific activities of 
adenine, guanine and thymine, in vivo and in vitro, as obtained with 14C-labelled 
formate and glycine has so far been little noticed, but the present results are in 
agreement with such fragmentary information as is available*, S, Z2-27,30-32, although 
some authors 3,27,29 have also published conflicting views. The observed changes may 
only partly be explained by the diluting effect of pre-existing non-labelled acid- 
soluble adenine compounds or by the higher sensitivity to in vitro conditions of the 
enzyme system, which catalyses formate incorporation into guanine, than of the 
corresponding enzyme for adenine 5. It has also been observed that the incorporation 
of glycine into adenine and guanine in vivo is independently modified by dietary 
conditions ~*. 

The behaviour of the irradiated regenerating liver in vitro can be readily ex- 
plained on the assumption that the production of the DNA-synthesising mechanism 
is arrested by X-irradiation as well as by in vitro conditions. In thymus, on the other 
hand, it is possible that X-irradiation produces a situation very similar to that 
prevailing in bone marrow and some ascites tumours under in vitro conditions. The 
enhanced incorporation of formate into thymine and of adenine into purines of DNA 
might therefore be merely of a compensator 3, nature. 
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a n i m a l  m a n i p u l a t i o n s .  T h e  c a r b o n  l a b e l l e d  c o m p o u n d s  w e r e  p r o v i d t ' c l  f r o m  a g r a n t  

m a d e  t o  P r o f e s s o r  D . \ v I D S O X  b y  t h e  B r i t i s h  E m p i r e  C a n c e r  ( ' a m p a i g n .  

S! : M M A R Y  

I. I n c o r p o r a t i o n  of ~a( ' - fortnate a n d  (--1%')-gly 'c ine in to  nuc le ic  al: id bases  was  s t u d i e d  u s ing  
n o r m a l  a n d  r e g e n e r a t i n g  l ive r s  of a d u l t  r a t s  in vi;.,o an(l  in  vitro. "l'hc b a s e  s a m p l e s  were  c a r e f u l l y  
f reed of c o n t a m i n a t i n g  a m i n o  ac ids ,  wh ich  m a y  c a u s e  se r ious  e r ro r s  in e x t ) c r i m c n t s  ,~I t h i s  t y p e .  

-. F o r m a t e  a n d  g l y c i n e  were  p o o r l y  i n c o r p o r a t e d  i n t o  DNA of n o r m a l  l iver ,  a n d  t he  spec i t ic  
a c t i v i t y  r a t i o  of R N . \ / I ) N A  for a d e n i n e  was  us tmlh"  h i g h e r  t h a n  2o, s u g g e s t i n g  a r e m a r k a b l e  
m e t a b o l i c  s t a b i l i t y  of I I N A  p11rines. 

3. I n c o r p o r a t i o n  i n t o  R N A  a n d  acid-sol t~ble  p u r i n e s  was  r e l a t i v e l y  i n a c t i v e  in t he  n o r m a l  
l i ve r  in vivo, b u t  was  m a r k e d l y  e n h a n c e d  by  p a r t i a l  h e t ) a t e c t o m y .  

4. In  t he  l iver ,  f o r m a t e  i n c o r p o r a t i o n  i n t o  nuc le ic  ac id  p u r i n e s  is m, t  a b o l i s h e d  u n d e r  in vitro 
c o n d i t i o n s  or  by  X - i r r a d i a t i o n ,  l in t  t he  r e l a t i v e  m a g n i t u d e  of t he  specif ic  a c t i v i t i e s  of a d e n i n e ,  
g t l a n i n e  a n d  t h y m i n e  v a r i e d  s y s t e m a t i c a l l y  in vivo an(l  in vitro w i t h  bo th  p recur s~r s .  
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