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INCORPORATION OF ADENINE INTO NUCLEOTIDES AND NUCLEIC ACIDS 

OF C57  NICE* 

Edward L. Bennett 

Radiation laboratory and Department of Chemistry 
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ABSACT 

Intraperitoneally administered adenine 	is rapid2y and extensively 

incorporated into nucleotides and nucleic acid by CS?  mice. The incorporation 

rate of adenine into the PNA indicates a pathway involving little or no dilution, 

therefore not thru the general S-adenylic acid poo1 0  The "ha1flife" of the 

nucleotide fraction was found to be 25 days in the liver, 13 hours and 35 days 

in the stomach and intestines., and 12 days in the carcasS (including bone), where' 

as the PMA. ad.enine had a "half-life" of78 days in the liver 3,$ days in the 

stomach and intestines, and 8 days in the carcass0  The most rapid incorpøration 

of adenine in the PNA of the liver ocoured in the nuclear fraction and the least 

rapid in the mierosomal fraction 0  

(*) Presented at the Second International Congress of Biochemistry, Paris, 
Jii -, 1952, 
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INCOIPORAT ION OF ADENINE INTO NUCLISOTIDES AND NUCLEIC ACIDS 

OF 057 Me 

Edward L Bennett 

Radiation laboratory and Dertment of Chemistry 

University of Calif orn.1a 9  Berkeley 

The biological synthesis and turnover of nucleic acids has received in 

creasing attention with the ready availability of isotopes, rticular1y P 32 , 

and C14.P32  has been used to study turnover rates of nucleic aàids, or 

at least the ttirnover rates of the phosphorus iinuc1èIc aèids (41 19) N15  

and C14  have been utilized to study the posib1e precursors of nucleic acids 

and to a lesser extent to study nucleic acid turnover0 Of the simpler sub 

stances, ammonia (3), giycine (9 938) 9  carbon dioxide and formate (33 39) have 

all beenshown to be incorporated into the nucleic acid purines Of the more 

complex substances, adenine (II), and guanIne (2) are incorporated into the 

nucleic acid purines but not into the pyrimidines. The reported incorporation 

of adenine is significantly les for the 057 male mouse than for the Sherman 

rat,, while guanine is reported to be used more efficiently by the mouse than by 

the rat (2). 

The whole animal exriments have generally reported the utiliation of 

adenine after several days of feeding, 'and have usually isolated the nucleic 

acids from only a limited nui&3er of orgaus0 The incorporation of adenine into 

the soluble nucleotides, with the exception of thoe in the carcass generally 

has been neglected0 The amoimt of the administered adenine incorporated into 

the nucleotiie and nucleic acid fractions in the various tissues has not been 

(*) Presented at the Second International Congress of Biochemistry, Paris, July, 
1952. . 	. 	. 	. 



UGRL2027 

reported0 Although studies have been made of the variation ath time of the 

distribution of administered P32  (5, 13, 19, 21, 22 7  30), glycine (9,  18), and 

orotic acid (20 9  34) in the cell fraätions of the liver, no similar studies have 

been reported with adenine 

In the studies reported here, adenine-4,6-&4  has been utilized to study the 

turnover rate of the soluble nucleotides as well as the nucleic acids of 057 mice, 

Ex-amination.has been made of the soluble nucleotides for the possibie presence of 

intermediate compounds in the ynthesis of nucleic acids from adenine. In addition, 

the distribution of adenine-& 4  in the cellular components of the liver as a function 

of time has been studied. 

1TH0D3 

Administration of Adenine and Fractionation of Tissue. 

Adult male 057 mice, weight 23-26 gins., age 4-6 months, were injectea intxa-

peritoneally with 1.2 ing. of adenine-4,0 14  (6) containing 1.7 lO7  die/mm, 

diolved in 0.5 ml. of 0,9% saline. Li, those exriments in which respiratory 

CO2  and urine samples were collected, the animals were placed in metabolism cages 

otherwise they were placed in individual cages designed to prevent contmnination 

of fOod and water by the excreta. The mice were sacrificed by decapitation and 

the organs were quickly removed and inmiediately fractionated as described below. 

Generally the following organs were utilized: the carcass (including bone) after 

skinning, liver, and stomach and intestines. The datareesent One to three mice 

at each time interval. 

The entire carcass and the stomach and intestines were homogenized in a 

Waring blendor with cold 10% trichioroacetic acid to extract the acid soluble 

nucleotides (36); a Potter homogenizer was used for the liver. To ensure complete 

extraction, each tissue was extracted 5 times with relatively large amounts of 
and intestine fraction also includes the spleen pancreas amd,  grna,'F. 
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TGA (125 m10/extract for the carcass 30 ni for the stomach and intestines,and 

10 m10 for the liver)0 Generally n1r the first two extracts were saved since 

they were shown to contain about 97% of the tota1 cold TCA extractable carbon140 

ThIs fraction is subsequently referred to as the nucleotide fraction0 

Subsequently the tissue was washed with alcohol and then ether and the total 

nucleic acid eztracted from the residue with hot 10% TGA(36)0 The TCA was con 

veniently removed from the extracts by continuous extraction for 12 hours with 

ether in a suitable liquid=liquid extractor0 

The total amount of carbon'14 activity in each extract was determined by 

direct plating techniques0 An appraximate value for the nucleotide content of 

each fraction was made by measuring the u1traviolet absorption at 260 i4 

Seration of Liver Cell Componen 

The differential centrifugation technique of Schneider and Hogeboom (37)  in 

025 N sucrose was used to seperate the liver cell components0 After removal of 

the connective tissue, the liver was homogenized in 10 ml. of sucrose in a plastic 

Potter homogenizer,, and the homogenate centrifuged at 1500 FM for 15 minutes 

(Spinco centrifuge, No0 40 rotor) The nuclear precipitate was rehomogenized and 

recentrifuged0 The conibined &upernatants were centrifuged at 7000 BJ?M for 15 

minutes and the mitochondrial precipitate 6btained was washed by suspension in 

sucrose solution and recentrifugation0 The supernatant was centrifuged at 

30 9 000 IU4P for 30 minutes and the inicrosomal precipitate obtained was washed by 

suspension in sucrose solution and recentrifugation0 The cellular fractions 

obtained were extracted with cold and then hot TGA O  PNA was estimated by the 

orcinol reaction (31,. 32), and DNA was estimated by the dienylamine reaction 

In addition, total nucleic acid was estimated by ultra='violet absorption at 260 

using the factor 0025 density units (vol0 in m1, x density at 260 r)/M g0 nucleic 

acid0 Good agreement was obtained 
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2gtMAMjion 	 Activity Nucleotide 	Nuclec Acid Adenine 

1 m1 aliquots of the nucleotide fraction containing 2550 Mg, of adenine as 

nucleotides were allowed to stand 2.3 days at room tenperature with a slight ex-

cess of calcium hydroxide to hydrolyze  ADP and ATP to 5-adenylic acid (28). Subse-

quantly the mononucleotides were precipitated by the addition of .  2 volumes of 

ethanol0 The precipitate was diso1ved in a sinail amount of dilute acetic acid 

and chromatographed two dimensionaJ2ly on Whatinan No 0  1 filter paper, first in 40 

butanol-25% propionic acid-35% water (wt6 %) I  and subsequently in 60 propanol- 

anmioniuin hydrczcide-lO% water (vol0 %) The main spot, of 5-adenylic acid, was 

located with ultra-violet light and eluted with 	formic acid0 Several 1es 

intense and smaller spots were frequently observed nearer the origin and were 

eltted in a similar maitner but they usul1y contained less than 5% of the activity. 

The specific activity of the 5-adenylic acid was determined after estimation of' 

the quantitiy of material present with 5-adenylic acid deaminase(23). 

Adenine in the hot TCA extracted nucleic acids was iaolated by hydrolyzing 

the adenylic and guanylic acids with 1 M HOl at 90 9  and subsequently chroinato-

graphing on Whatanan No, 1 filter paper, first in propanol-ainmonia-water and then 

in butanol-p'opionio acid-water. Adenine and guanine were separately eluted with 

0, formic acid, The concentration of adenine was determined specrophotometrical2y 

at 305 AU with xanthine oxidase (26) 9  and the carbon*24 in a separate aliquot of 

the eluate was determined, 

The free adenine-&4  in the nu.cleotide extracts of mice at several time inter-

vals after injection was determined by carrier chromatography on Whatman No, 1 

filter paper, The adenine spot was elutod and the activity present in the original 

extract calculated from the percentage of carrier adenine recovered and the carbon-14 

present in the eluate. 
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Counting Progedure@. 	 - 

Direct plating techniques were used for the TCA extracted fractions and for 

compounds eluted after chromatography. Generally duplicate samples were counted. 

Suitable self—absorption corrections were applied. Respiratory 002 was determined 

by collection of the 002  in sodium hydroxide and precipitation as barium carbonate 

by standard techniques. The radioactivity measurements were made with a proportion 

al counter (Nucleometer,. Radiation Counter laboratories, Chicago) (counting efficien 

• cy 40% 9  background equivalent to 100 dis/min) or a. GM counter (Brel and Kjaer, 

Copenhagen) (counting efficiency 16%,  background equivalent to 30 di/niin). 

RESULTS 

The distribution of carbon'14 activity expressed as tt%  of total injected" in 

the nucleotide and nucleic acid fractions 2 hours and 24 hours after injection of 

102 ing0 of adenine-49 6.&4  into male 057 mice is shown in Table I. In addition s  

the percentage remaining as free adenine in the nucleotide fraction is indicated. 

About 50% of the adinisterod adenirxe has been converted into compounds which are 

not rapidly excreted0 Table II indicates the rate of excretion of radioactive 

respiratory 002 during the first 24 hours following the administration cf adenine 

Paper chromatography of the urmne followed by radioautography has indicated 

4 to 6 radioactivb compounds to be present, including a].lantoin 9  probably uric 

acid, and in some experiments adenine and hypoxanthine, Presvimbly the radioactive 

- 	respiratory 002 represents the 6 position of the adenine which is converted to 

aflantoin (10). Guanine'4-&4  is Imown to be converted to allantoin but to yield 

no radioactive respiratory CO2 (8). 

The total carbon-14 activity of the nucleotide fraction of the stomach and 

intestines from 1/2 hour to 16 days after administration of the adenine is shown in 

Figure 1. The specific activity of the 5..adenylic acid obtained upon treatment of 
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this fraction with calcium oxide is also presentedo Similar data for the specific 

activity of the carcass 5adenylic acid and the 1ter 5adenylic acid is presented 

in Table 1110 Estimation by ultraviolet absorptcn of the quantity of 5'adenylic 

acid derivatives extracted in the stomach and intesjth -ies, carcass and liver gave 

average values of 30 mg 10 mg and 12 mg0 (exessed as adenine) respectively0 

Enzymatic assay of the extracts by muscJe 5adenyl10 acid deaininase and potato 

apyrase or by intestinal adenoine deaminase and alkaline phosphatase9  nucleoide 

phosphorylase and xanthine . oxidase (24 25) indicated that the extract of stomach 

and intestines contained about 50% of the ultavio1et absorbing material at 260 n 

as adenylic acid compounds0 Abou.t 40% of the nucleotides was 5adenylic acid and 

the remainder was ADP and AT? 0  The corresponding figures for the carcass nuc1eo' 

tide fraction were .7585% pur&Th with 5 as AM and 95% as AATP and for the liver 

5560% wpure with 70% as A4P and remainder as ADP4tTP 0  

The radioactive.compounds• in the nucleotide fraction of the stomach and 

intestines, and the liver 2 hours after administration of the adenine were in 

vestigated by paper chromatography followed by radioautography0 As shown in 

Figure II, two raãioactive zones identified as 5adenylic acid and ADP (ATP2) 

account for over 80% of the radioactivity present as determined by elution and 

subsequent carbon14 determination0 The radioactive 5adenylic acid also coin= 

cided dth. carrier 5=adenylic aäid upon two dimensional chromatography followed by 

- . radioautography Spot Xj accounting for 10% of the activity is believed to be 

uric acid, 1  spot X is probably ailantoin, and spot X3  corresponds with a radio 

active compound also found in the. urine but as yet unident-ified0 

Treatment of thenuc1eotide faction of the stomach and intestines and the 

liver obtained two hoizs after administration of adenine . with muscle deaminase and 

crude potato apyrase containing adenosins deaminase and phosatase yielded inosine 

as the main radioactive compound as shown by chromatography in opanol'animonia 

water and subsequent radioautographya This spot was eluted and reebromatographed 
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two, dimensionally with carrier inosine, adenosine 9  and adenine0 'ha.  radioactivity 

was associated only with the inosine0 	., 	 .. 

The specific activity of the nucleic acid adenine of the stonach and. intastnes 

is shown in Figure' Ifl. The decrease of specific activity of the adenine in the 

nucleic acid' 0±' the stomach and intestines follows a first order reaction rateafter 

24 hours and from the data obtained .a "half-life" or "turnover rate'!' of the nucleic 

add can be cálcula ted. Similar data for the specific activity of the carcass and 

liver:nucleicacidadenine is presented in Table .1110 The values for the liver 

nucleic aôid adenine were calculated from the specific activity of the PNA as deter= 

mined by the orcinol reaction0 It wa assumed that the adenine represented 10% of 

the nucleic acid and the ratio of activity in the adenine to that in the guanine was 

311 .Approximatelythis.ratiowasobtained in the carcass and the stomach: and in 

'testiries0' Table III also compares the specific activity of the. nucleotide'adenine 

with, that of the nucleic acid ,adenine. Inasmuch as incorporation of adenine into 

'desrnucleic. acid (DNA) is ,smafl (16,3), to calculate the specificactivity of: the 

R~A adeniiie in the carcass and viscera 9  the values in Table III should be multi' 

plied, by apprimately 2. for, carcass and 16 for the stomach and intestines although 

'thare is considerable uncertainty as to the, exact PNA/DNA ratio for these organs 

as the colorimetric methods used were not sufficiently specific. 
. 

The 	 of the aden.ine in the nucleotides and nucleiC acid of the 

liver, stomach and intestines, and carcass have been calculated from the data for 

1 day to 16 days are are presented in Table III. 

.The.distribution of radioactivity in the cellular components of the liver as 

obtitied by fractionation in 0.25 M sucrose at several time' intervals after adminis 

traticn of adenine-&4  is shown'S' in Table Br. As isolated, the eytoplasmic super= 

natant fraction contained apprcimately 90% of the nucleotide activity at, all time 

intervals, the mitochoridrial fraction contained 10%,  and the nuclear and inicrosomal 
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fractions contained no more than 1-2% of theiucleotidecarbon]4 activity0 To 

what extent this represents the distribution of nuoleotides in the normal cell, or 

to what extent it represents an artifact of the isolation method is not 1iown0 

As shown in Table IV, there is a rà.pid. increase in the radioactivity associated 

with the nuclear nuOleic acid while the increase is least rapid in the microsol 

..fraction After th±'eé days, the specific activity of the nucleic acid is similar 

in all cell fractions0 Qualitative2y, the result is similar even when expressed: 

on a total nucleic .aóld basis, i0e0, if it is assumed that the DNA is incorporating 

the adenine to the seine extent astheTNA0 	 . 

DISGU$SICN 

The experiments indicate that the utilization of adenine by the 057 male 

mouse after intrapritneal injection is rapid and extensive: One half hour after 

administration, 30% of the adeni.ne remained as free adeziine while at 2 hours only  

2% of the adenirie remained0 This utilization is not unique to the 057 mouse, normal 

and sarcoma bearing A strain mice use adénine to a similar degree (8).6  Extensive 

utilization of adenine to form nucléotidea and nuOleic acid has also been demon 

strated in feeding eperimsnte with chickens (35) and in perfused rabbitand cat 

livers (7) and pigeon liver homogenates (17) In 24 hours, 15% of the .adenine has 

been incorporated into the nucleic acid of ihe: mouse* it has been reported (2) 

that the utilization Of dietary adenine by 057 mice is smafler by a factor of 5 

than that which occurs in the $1emn rat0 ; If an Oxtrapolation can . be made from 

injected to dietary adenine, this would indicate that 75% of the adenine would be 

incorporated into the nucleic acid of the rate This value wou1d appear to be much 

too high.  

The results obtained by the C57 mouse for, the incorporation of adenine into 

the soluble nttcleotides (A, ADP, and ATP) are in marked contrast to those which 

have been reported for the rat after dietary administration of adenine (12) and 
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and N15  aonia (25) In the mouse 9  the incorporation into the nucleptide fraction 

has been extensive; on a specific, activity basis, the soluble nucleotides in the 

liver and stomach and intestines are 1020 times more active than the IFNA adertine 

2 to 24 hours after injection of the adenine0 The carcass ratio is apoximateiy 

unity, depending on the time chosen for cornpariscn and the actual DNA/PNA ratio0 

One experiment has indicated that the major adenine incoporation in the carcass 

nucleic acid has occured into the bone marrow rather than the muscle nucleic acid0 

Several explanations may be offered for the apparent discrepancy in the 

utilization of adenine for nucleotide and nucleic acid formation in the mouse and 

rate 1) the difference may be a species difference; 2) in the experiments reported 

with mIce the entire carcass including bone marrow was used; and 3) the relative 

incorporation into nucleic acid and nucleotides may depend on the amount or coneen 

tration of adenine admiijstered0 However radioactive nucleotides were shown to 

be in the muscle of the carcass in a 24 hr0 experiment in which the muscle and 

bone were separated before'the extraction0 The specific activity of the nucleo 

tide fraction of the muscle was similar to the total caicass value at the same time0 

There is some evidence that large doses of adenine are inóorporated relatively more 

into the nucleotides of the carcass '(22) The amount of adenine administered to 

the mice in the experiments reported here was comparable to the lower daily dose 

fed to rats but it was administered intraperitoneafly at one time instad of by 

feeding0 A recent prelininary note (29) describing experiments in which adenine8& 

was intraperitoneally injected into male rats at a comparable dose level used In 

the above experiments indicates that adermine was extensively incorporated into 

soluble nucleotides of the liver and viscera0 The ratios of injected specific 

activity of the adenine to the specific activity of the soluble nucleotides and 

nucleic acid adenine are similar to those found in the mouse0 

The extensive incorporation of the, adenine into the nucleotides and nucleic 

acid of the mouse has made it possible to calculate the haiflif&t of the adenine 
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component in these fractions in the liver 9  stomabh and intestines 9  and carcass 

from the data shown in Table III as shown in Figures 1 and 1110 From the values 

obtained 9  half=1ive&T  of 205 days and 12 days have been calculated for the nuc1oo 

tides of lIver and carcass. Two components are indicated for the metabolism of 

adenine in the nucleotide fraction of the stomach and intetines one with a ha)f 

life of 13 bre ; the other 305 days. This may be due only to the diversity of 

tissue reesented. Simi3arly 9  values of 8 days 9  3.5 days and 8 days have been 

calculated for the nucleic acid adenine of the same tissue. Since the PNA and 

DNA were.not separated in the stomach and intestines and the carcass 9  the nucleic 

acid value, could possible reeset an aveage value for the two types of nucleic 

acid0 However, data indicate that the DNA/PNA ratio for utilization of adenine 

in the rat is about 1J70 to )JlOO on a specific activity basis. 'A ratio of 1J25 

has been obtained In the livers of A strain mice injected with adenine (24 hr. 

experiments) (33) Therefore, uniess, as is unlikely, radioactive compounds are 

subsequently incorporated into the DNA 9  the figures for the decay rate of the 

adenine activity in the nucleic acids probably ieesent the turnover of adenine 

in the PNAO The adenine/guanine specific activity ratio appeared to be about 311 

for all tissues and for all time intervals, however a careful study of this ratio 

has not been made. 

The values obtained for the biological halflife' resent the formation of 

the'nupleotides and the adenine (and probably guanine)of the nucleic acid from 

nonradioactive, presumably exogenous 9  material.. 'The actual turnover of nucleic 

acid in the carcüs may be more rapid than determined above if the' carcass utilized 

radioactive compounds from the liver or stomach and intestines0 

The ha =]jf&t for the nucleic acid adenine of mouse liver is simila'r to 

that in rat liver (16). It is a10 similar to that calculated from the renewal 

of nucleic acid in rabbit bone marrow In vitro (1). The value of 1307% obtained 
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for the renewal of PNA in the internal organs of the rat after seeding adenine 

for 3 days (11) can only be a very miniiñal value, for the turnover of nucleic 

acid adenine, since no allowance can be made for the adenine incorporathd into 

the nucleic acid from other precursors, i0e0 formate glycine, etc0 which are 

normally used for nucleic acid synthesis0 If, in the rat e  as in the mouse q  the 

adenine is rapidly metabolized to other compounds, it will notbepresent long 

after administration, subsequently the PNA will be formed from other precursors0 

The low incorporation of adenine into DNA of nonregenerating tissue does not 

necessarily indicate that DNA has a much slower renewal rate than TNA, it may 

indicate that adenine is not efficiently utilized in nonregenerating tissue for 

DNA synthesis0 The relative specific activities of DNA and PNA show wide vari=' 

ation depending upon the nature of the radioactive compound administered and 

the time after administration (18, 27, 33) This is fprther indication that the 

calculation of turnover rat& fiom Incorporation in not valid0 

From the experimentally determined renewal rates of the nucleic acid s  the 

expected turnover of PNA in 2 hrs. would be O7% in the liver and carcass and 

16% in the stomach and intestine0 From the renewal rate and estimated value 

for the PNA/DNA . ratio of the tissues 9  the minimum expected dilution of the in 

corporated. adenine at 2 hours can be calculated0 It is. found, that the observed 

dilution of the adenine incorporated into the PNA is actually slightly less than 

calculated for a direct incorporation0 This indicatea that unless the turnover 

of nucleic acid adenine Is greatly accelerated by the presence of relatively large 

amount of adenine 9  the adenine is being inàorporated by means which are either 

dirct or which involve intermediates which dilute the adenine only slightly0 

Although the 5adenylic acid of the stomach and intestines and the liver is much 

more radioactive than the nucleic acid adenine, it is probably not an intermediate 

in nucleic acid synthesis inasmuch as a turnover of l0''20% of the nucleic acid in 
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2 hous would be necessary to obtain the cbserved aotivity whereas the calculated 

turnover in this period is 07I7%  in the several tissues0 One must not over 

look the possibility that the 50enylic acid in different call fractions or cell 

sites i0e•0 the nuolaii, might have a different carbonI4 activity than the total 

or average 5adenylic acid and be a direct intermediate0 

The specific activity o1PNAio1ated in liver cell components fractionated 

in sucrose by the differential cantrifugation method inioated the most rapid 

utilization of adenine in the "nuclear PNM fraction and the least rapid in the 

rnicrosomaI fraction0 Similar results have been reported forp 32  9  glycine and 

orotic acid (4,18 9  209 34)0  The decay curve& for the total activIty of the 

various cellular fractions indicate that the rate of disappearance of activity 

in the nuclear fraction from 3 to 16 days is comperable to that in the other 

cellular fractions0 Two explanations may be offered for this I) either the 

estimated activity of the iruc1aaPNA at 7 to 16 days is too high due to the 

• relatively increased amount of activity in the DNA ((although the adenine is 'in 

corporated to a much smallar extent, its turnover is certainly slower) or 2) the 

"nuclearlt PNA as isolated oontaius two types of PNA, one of which is a rapidly 

metabolized. FNA as suggested by the data obtained with adenine for 3/2 and 2 hours 

and by p32  and orotic acid for short time intervals0 The extetit of loontaminatioe 

of the miclear fraction by mitochondrial or other TNA Is not 1wn 9  but it must be 

small since our figure of 8% of the total NA resent in the nucleii is in agree' 

merit with the amount reported when citric acid is used to seperate the nucleii (9)0 

The' contamination by initochondria can also be estimated to be 1es thr 10% of 

the niitochondria1 fraction from the total activity found in the cold TqA fraction0 

The ha1f1ff&t of 8 days calculated for the liver nucleic acid adenine agrees 

well with the 7 day value obtained from the data (34) for the specific activity 

of the àupernatant PNA (including mierosomes) after administration of orotic acid 
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to the rat0 The rapid increase in labeled PNA in the nucleli appears to eliminate 

the possibility of a 'nuclear membran&'- impermeable to preformed, purines except 

during growth as has been offered as a tentative suggestion to explain the rela-

tive non-utilization of adenine in DNA synthesis during this period (i5) 

From 2 hours to 24 hours after injection of adenine there is a large increase 

(7-1 of the injected adenine) in the total amount of & 4  activity in the nucleic 

acid0 Since at2 hours, there is less than 2% of the injected adenine-& 4  still 

remaining free 9  it is impossible that the increase can be due soleJy to further 

free adenine being incorporated0 Thus, there is evidence that other radioactive 

compounds are present in the nucleotide fraction which subsequentlt are converted 

into nucleic acid0 The rapid decrease in total activity in the liver and stomach 

and intestine nucleotide fractions from 2 hours to 1 day 1 oflowed by a slower first 

order decline also indicates there is a compound or compounds made more reactive, 

either by virtue of its structure or location in the cell, which may be utilize' 

for nucleic acid synthesis0 By the enzymatic and paper chromatographic methods 

described above 9  no direct evidence has been obtained for the existence of an 

unusual or new nucleotide in these extracts, but further work is in progress. 

Any such intermediate might be expected to reesent as little as 1020% of the 

radioactive material present - two hours after administration of the adenine, and. a 

considerable smaller percentage of the ultraviolet adsorbing material0 

The feasibility of readily obtaining 5-adenylic aci&-G14 in fair yield for 

further biological experiments after administration of adenine-C14  to mice should 

also be pointed out0 

Intraperitoneally administered ad,enine-4,6-C is rapidly and extensively 

incorporated into nucleotides and nucleic acid by C57 mice0 The incorporation 

rate of adenine into the PNA indicates a pathway involving little or no dilution, 
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therefore not thu the general 5adenylic acid pool. The ha1flif& of the 

nucleotide fraction was found to be 2.5 days in the liver, 13 hours and 3.5 days 

in the stomach and intestines, and 12 days in the carcass (including bone), 

whereas the .PN.A adenine had a ha1fJif& of 78 days in the liver, 3.5 days in 

the stomach and intestines, and 8 days in the carcass. The most rapid incorpora 

•tion of adenine in the PNA of the liver occured in the nuclear fraction and the 

least rapid in the microsomal fraction. 
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TABLE I 

DISTh.ThUTION OF CABBON-14 AFTER 1]JECTION OF 

INTO N1LE C57 raCE 

• 
( 	 OF ADEINE INJECTED) 

TISSUE 2 HOUPS AFTER INJEOTION U HQURS AFTER gJECTION  

COLD TCA 	HOT TCA 	FTEE COLD TCA HOT TCA FIPM 
• EXTRACT 	EXTRACT 	AI)ENINE EXTRACT EXTRACT ADENiNE 

CARCASS 14 19 	 03 12.2 404 < 
0,1 

LIVER 	• 10 • 	 06 	 10 507 22 <003 

STOMPCH AND 18 50 	 007 78 • 7.3 <005 
INTFTINES 

KIDNEY 9 001 81 0,5 

SPLEEI • 	 0,,6 0.1 04 05 

LUNGS • 0.4 0.04 

HE?RT • 	 0.1 0.01 

TOTAL, 52 • • 	 7.8 	• 	 2,0 34 14,9 4 3,2 

BREPTH 21 16 

MINE 40 30 

TOTAL, 104 97 
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TABLEII. 

OF ADISTERD ADEMIME4, 	RADIOACTIVITY IN 

R9P]RATORY CO2 

TIME AFTER INJECTION 	% ACTIVITY 	TINE AFTER INJECTION % ACTIVITY 
(Hous) IN CO2 	 (HouRs) IN CO2 

04 O6 	 &-iO 14 
12 I6 	 10-12 10 
24 2,2 	 12-16. 2<3 
46 1e8 	 1624 31 
68 17 

TOTALO 	0-.24 16O 
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TABLE III 

SPECIFIC ACTIVITY AND HAIF-.LIFE OF NUCLEIC ACID ADENINE 

AND 5-ADENYLIC ACID IN VARIOUS TISSUES 

(dis/inin,4t.g Adenine) 

TDZ AFTER LIVER STOMaCH AND INTESTINES CARCASS 
ILTECTION 

5-ADENYLIG NUCLEIC 5.ADEM.YLIC 	NUCLEIC 5-ADENYLIC NUCLEIC 
ACID ACID* ACID 	. 	 ACID ACID ACID 

1/2 hr0 740 95 800 	3505 74 168 

2 hours 1080 88 1930 	205 190 106 
1730 65 2300 	250 235 1142 

24 hours 800 790 	265 166 178. 

74 hours 428 340 290 	188 144 116 

7 days 148 290 126 	79 113 7 

16 days 91 236 	13 68 39 

HAiFLIFE 13 hours 
(DAYS) 22-25 7.8 35 	3:5 32 8 

The specific activity of the liver nucleic acid was calculated from the PNA 

analysis of the liver fractions0 it was assumed that adenine represented 10% of 

the nucleic acid (by weight), and the ratio of activity in the adenine to that in 

the guanine was 311 

** Two ha1f1ive&L are represented in the decay rate of the nucleotide fraction 

of the stomach and intestines0 
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TAB LE ItT 

SPIFIC ACTIVITY OF .PNA IN 057 MOUSE LIVEE CELL 

FRACTIONS AFTEFi INJECTION OF ADF N4, 6&4 

(dis/jnin,4.hg PNA) 

SOtFCE OF PNA % OF TINE AFT 	INJECTION 
TOTAL  
PNA IN 
FR&CTION* 0,5 hrs. 2 hrs. 3 days 	7 days 16 days 

Nuclear . 	7 4.6 41,7 43,0 	38,9 9,5 

Mitochondr.a.al  19 1.2 7,3 	. 46.0 	39,2 14,0 

Microsomal 50 0,4 2.7 .420 	38,2 11,2 

Supernatant 24 2.6 34,8 52,0 	41,4 	. 12.6 

£r, dis/nan/Mg 1,24 8,7 45,0 	39,2 16,8 

* 	The total amount nuc1ec acid averaged. 12,5 milliver , 	29% was present 

as DNA, 71% as PNA O 	It is asc3uzned  that all of the carbon34 activity is in the 

PNA O 	At 0,5 and 2 lu's, this is undoubtedly true s  at subsequent tea it is 

possib.e the DNA may contain a significant fraction of the activity. . 
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CAPTIONS TO .FIGtES 

Fig. 1 	Total carbonl4 activity of the nucleotides isolated by extraction with 

cold TCA from the stomach and intestines of mice from 00 hours to 16 days 

aftor administration of adenine-41 6 C 4 	 X--X 

Specific activity of the 5-adenylic acid isolated, from the same source 

0 	0 

Fig0 20 Raioautographs of chromatograied cold TCA extracts of viscera (lower,) 

and liver (uppez') obtained two hours after injection of ac1enine-416-&4  

into C57 mice. . 

X1, X2  and X3 not i6entified0 

Fig. 3. Garbon.14 activity of the nucleic acid adenine isolated from the stomach 

and intestines of male C57 mice from 3J2 hr. to 16 days after injection 

of adenine496C4. 
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