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INCORPCRATION OF ADENINE INTO NUCLEOTTDES AND NUCLEIC ACIDS
OF G57 MICE*
Edﬁard L;«Bennett
Radiation Laboratory and Department of Chemistry

University of California, Berkeley

- ABSTRACT

Intraperitoneally adhinistered adenine=h,6=G1h is rapidly and extensively
incorporated into nucleotides and nucleic acid by C57 mice, The incorpbration
rate of adenine into the PNA indicates a pathway involving little or no dilution,
_thérefore not thru the general Seadenylic acid pool, The "half-1ife" éf the
nucleotide fraction was found to be 2,5 days in the livery, 13 hours and 3.5 days
in the siomach and intestines, and 12 days in the carcass (including bone)ygwherea
-~ as the PNA adenine had a "half=-life" of 7-8 days in the liver, 3.5 days in the
stomach and intestines, and 8 days in the carcass, .The'most rapid incorporation
of adenine in the PNA offthe‘liver occured in the nuclear fraction and the least

rapid in the microsomal) fraction,

() Presented at the Second International Gongress of Blochemlstry, Paris,
JuJy 5 1952,
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INCORPORATION OF ADENINE INTO NUGIEDTIDES AND NUCLEIG ACIDS
OF G57 MEGE
Edward L. Bennett
Radiation Iaboratory and Departmenﬁ of Ghemlstry

_Un1Ver31ty of Callfornla, Berkeley

The biological synth951s and turnover of nuecleic acids has received in-
creasing attention with “the ready avallabllaty of . lsotopes, partlcularly P32

N5

and 0140 P32 has been used to study turnover rates of nucleic acids, or
Cat least the tuinbver.rates of tﬁe phosphorus‘ih'nuéleic acids (4, 19), N5
and G;4jhave been_utiiized to study the possible‘precurscrs of nucleic acids
and to a lesser extent to study nucleic acid turnover. Of the.simpler sub-
stances; ammonia {3), giycine (9,38); cafﬁon'dioxide and formate (33, 39) have
all been shown to be incorpbraéed into the nucleic acid purines, Of the more
complax‘subStaﬁce39'adenine {11), 2nd guenine {2) are incorporated intc the
'nubleic Acid purines but not“inﬁo the.gxrimidineso ‘The reported incorporation
of adenlne is 31gn1flcantly less for the C57 male mouse than for the Sherman
raty whlle guanlne is reported to be used more efficiently by the mouse than by
“the rat (2). | | |
The whole énimal experinents havé generally‘reported the utilization of

vaden;ne afber several days of feed:.ng9 ‘and have usually‘lsolated the nuclelc
acids frcm only a limited number of organs. The incorporation of adenine into
the soluble nucleotides; with the exception of ‘those in the carcass, generally
~has been negleéted. The émount of the administeréd adenine ihcorporat@a into

the nucleotide and nucleic aeid fractions in the various tissues has not been:

(*) Presented at thn Second International Gongress ‘of Biochemistry, Paris, July,
1952 ‘
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reported. Althéugh étudieé have béen maﬁé_bf thevvafiaﬁiom‘with tiie of the
distribution of administered P32 (5, 13, 19, 21, 22, 30), glycine (9, 18), and
orotic acid (20, 34) in the celltfraétions of the liver, no similar studies have
been reported with adenine., |

In the studies repérted here, adenina—4,6—C14 has been utilized to study the‘
turnover rate of the soluble nucleotides as well as the nucleic acids of C57 mice.
Examination has been made of the soluble nucleotides for the ﬁossible‘presence of
intermediate c;mpounds in the gynthesis of nucleic acids from adenine. In addition,

the distribution of adenine--cl4 in the cellular components of the liver as a function

of time has‘been studied,
METHODS

Administration of Adenine and Fractionation of Tissuee.

Agult male C57 mice, wéight 23—26 gﬁs.,_age /~6 months, were injécted intra-
peritoneally with 1.2 mge. of adenine-4,6—cl4 (6) containing 1.7 x 107 dis/min, .
dissolved in 0.5 ml. of 0.9% saline. In. those experiments in which respiratory
CO» andvurine samples were collected, the animals were placed in metabolism cages,
otherwise they were placed in individual cages designed to prevent contamination
of food and water by the excreta. The mige were sacrificed by decapitation and
the organs were quickly removed and immediately fractionated as described below.

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

AL >
52 38

skinning, liver, and stomach andAintestines.‘ The data represent 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% trichloroacetic acid to extract the acid soluble
nuclectides (36); a Potter homogenizer was used for thevliver‘ To ensure complete

extraction, each tissue was extracted 5 times with relatively large amounts of

N
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TcA (125 mlq/extract for the carcagég 30 nle. for the stomach and intestines,and
10 ml, for the liver)., Generally only the First two extracts were sévea siﬁéé
they were shown to éontain‘abéut 97% of the total cold TCA extractable cafbonpl4o'
This_fraction is subéeqﬁently referred to as the nucleotide fraction.

Subsequenﬁly the tissue was washed with alcohoi and then e%her and the total
nucleic acid extracted frém the residue with hot 10% TCA(36)., The TCA ﬁas con= |
venientlyvremoved from ﬁhe extracts by ccntinﬁous extractibn fbr 1=2 hours with
sther in a suitable liquid=-liquid extractor. |

The total amount of carbon-14 activity in eaéh exiréét was determined by
&irect p&afing techniqueéo An approximate value for the nucleotide cdntent of

each fraction was made by measuring the ultra-violet absorption at 260 i, |

Separation of ;gzgg Gell Components.

The differential centrifugation technique of Schneider and Hogeboom (37) in
0.25 M sucrose was used to separate the liver cell compeonents. Aftei 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 RMP for 15 minutes
(Spinco centrifuge, No, 40 rotor). The nuciear ;meciéitatevwas‘rehomogenize& and
recenﬁrifugeao The "‘combined supernatants were centrifugea at 7000 RPM for 15

-minutes and the mitochendrial precipitate obtained was washed by suspension in
sucroselsolution and recentrifugation. The supernatant was centrifuged at
30,000 RMP for 30 minutes and the microsemal precipitate obtained was washed by
suspansion in sucrose solution and recentrifugation. The cellular fractions
obtained were extracted with cold and then hot TCA, PNA was estimated by the
oréinol reaction (31, 32), a2nd DﬁA was estimated by tﬁe diphénylamine reaction (14).
In addition, total nucleic acid waé estimated by ultracviolet.absoi;mion at 260 md |
using the factor 0,025 density units (vol. in ml., x density at 260 m)/M g. nucleic

acid. Good agreement was obtained.
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| te,“mon of Specific Ac“biv:,tx of Nugleotide and Nucleic Aci id Adenine.
1 mlo aliquo’c.s of’ 'bhe nucleotn,c‘ie fraetion contaz.nmg 25«=50 }J'g., of ademne as

- nucleo‘c-ldes were allowed to s‘band 2«~3 days at room temperature W:Lth a sl:Lght ex~

‘cess of calcium hydroxide to hydro];yze ADP and ATP to 5maaeny1.1.c acid (28), Subse~

C quently the mononucleo‘hldes were preclprtated by the aadltlon of 2 volumes of

e'bhan@lo The m“eeipitate was dieeolvec‘i in a small ameunt of a:u.,lute acetic acld
and eh‘romatographed two dz_mensn.onall;y on- Wh.atman Noo 1 filter paper9 f::.rst in 40% .

butanol—=25% prop:.om.c acldeS% wate‘r (Wto %)9 and subsequently in 60% propanol«-

h 30% ammonium hydroxldemlO% water {vole %) ‘The main spot,, of 5-adenylic acid, was

' ,loca‘bea with ultramvz.olet llght and eluted with Ool% formic acldo Several less

' J_n'bense and smaller spo‘bs were frequently observed nearer the origm and were
elqted in a s:.,mllar manner but they usu&lly contamed less than 5% of the activ:.tyo |
~ The speciflc 'actlvity of the %a&enyhc aclc‘i was determined after estimat:.on of ‘
the quanti‘bly of material pmesent ‘wi‘th Saadenylic acic‘l deaminaee {23).

Adenine in "bhe ho’c. TGA extractea nuclelc acz.ds was 1eolated by hyarolyz:l.ng

the adenyl:.c anc‘i guanyllc ac:.ds w:.t,h 1M HGJ., a‘t, 900, an& subsequen‘bly chromato-

‘graphing on. Whetman NOo .l fz,l“ber paper, fz_rst. J.n propanolmammonlawwater and then
v.in, bu'tanolmmoplonlc aclémwatero , Aden.ine ana guamne were separately e.luted with
.l% fe:rm.c ac:x.ao The concentratlon o.f’ eden:me wag: determmed specrophotometncally
. at 305 mP— with xanth:me mdase (;26)9 ana the carbon-mM in a separate al'l.quot of
“the elua'be was deternﬁ.nedo . e ‘ " | . ‘ | -

The ﬁ“ee aLaen:i’,nemc,":'-4 in 'bhe nucleotlde ext;rac'bs of mice’ at several tme inter-

: vals afte:r. in,]ec’c:s.on was detemned by’ carrler cbromatography on Whatman Nos, 1
| fa.lter pero' The adem,ne spo’c. was eluted and the acta.va.ty present in the original
ex‘brac‘t calcu.lated from the percentage o.f carrier a&emne recovered a.nd the carbon-1/

' VPI"esen'b in the eluateo f o
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Direct p&ating teehnlques were used for the TGA extracted fractions and for
compounds eluted after chromatography . Generally dupllcate samples were“ceuntede
Suitable self-absqrptien corrections were applied. Respiratory COglwas determined
.by colleetion.of the COp in soﬁium.hydroxide and precipitation ae barium carbonate
by standara techuiques. The radloact1v1ty measurements were made with a proportion-
al counter (Nucleometer, Radiatlon Counter Iaboratorles, Ghlcago) {counting efflclenm
ey 40%, background equivalent to 100 dis/hln) or a. GM counter (Brhel and Kjaer,

Copenhagen) (counting efficiency 16%, background equivalent to 30 dle/mln)e
RESULTS

The distribution of carbonplL acﬁivity exxmessea as "% of totei injected“ in
the nucleotide and nucleic acid fractions 2 hours end A houfs after injectiou of
1.2 mgo of adenine-496~014}into male C57 mice is shewn_in Table I, Iu addition,
the percentage remaining as free adenine in the nucleotide fraction is inaicatedo
About 50% Qf ﬁhe administered adenine ﬁas been converted into compounds which are
not rapidl& excretedo‘ Table II indicatee the rate of excretion of‘radioactive
respiratory COp during the first 2/, hours follow1ng the adminlstratlon of adenine-
4y 6=C4, |

Pgper chromatogfaphy of the urine followed by radioautegrapby‘has indicated
4ut0'6 radioactive compounds to be present, including allantoin, prdbably'uric
acid, and in soue experiments adenine and hypoxanthine, Presumably the radioaetiue
respiratory éOQIrepresents thevé pesitionrof the adeninelwhieh is converted to ’
allantoin (10). Guanine-4~Cl4 is known to be cunerted to allanﬁoin 5ut to yield
no radioeetive fespiratory €02 (8).

- The total carbon»lA activity of the nucleotlde fractlon of the stomach and
1ntest1nes from 1/2 hour to 16 days after adminlsbratlon of the adenine is shown in

Flgure lo The spe01fic activity of the S»adenyllc acid obtalned upon treatment of
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this fractlon w1hh calc;um oxide is also presentedo Similar data for the specific
‘; actlv;tv of the careass Smadenylle acid ana the llver 5madenyllc acid is presented
in Table III. - Estlmatlon by ulhramviolet absorpt;on of the quantlty of 5=adenyllc
-acld derivatives extractea in the stomach and :.ntes“l;ines9 carcass, and liver gave

average values of 3°O.mgo,.10 ngo, and i 02 Mo (axpressed as adenlne) respectlvelyo

"‘Enzymatlc as@ay of ‘the extra@ts by muscle 5=ad@nylic acla aeamlnase and potato

apwrase or by ;ntestlnal adenosmne deaminase and alkaline ph@sphata599 nucleosxde'
phosphorylase and xanmhine axidase (249 25) 1n&icated that the extract of stomach

| and 1ntest1nes contalned about 50% of thn nlta=violet ab%orb;ng mater;al at 260 mﬂ
‘asg aapnyllc acia campoundao About 40% of the nnaleotiaes was S5-adenylic acid and
the remalnder was ADP and ATPo The merrasponding figures for the carcass nucleo-
tide fTaﬂtlon were 75«8;% mpur@” with 5% as AME and 95% as AHPmATP and for the liver
:-:55m60% pure" w;th /O% as AMP and Temainder as ADP-ATP, '

The radloactlve compounds in the nucleatlae fraction of the stomach and
1ntest1nesg ana the llver 2 hours afier admln;s ratlon of the aaenlne were in=
vvestlgated by paper chromatography followed by raaloautogra;hyo As shewn in
;Flgure II9 two ra&ioactive zones 1dent1fled as Smaaenylic acid ana ADP (ATP?)
account fer ‘over 80% of the radzoactivxty presenﬂ asg determined by alutlon and
sub§equent carbonm14 aetermlnationo ?he raaloaet;ve 5madenyllc acid alse coin=
'clae& w1th earr;er 5=aaenyllc acld upen two dimensional @hromatography followea by
| radloautographyc Spet X3 accomntlng for 10% of the activity is believed to ba
uric acid, spot Xé is probably allanto$n9 and- spot X3 corresponds with a radlex
actlve compound also founa in the. urine but as yet unldentlflede :

Treatment of the-nucleotlde fraction of the stomach and lntestines ahd tﬁe
’liver obtained two hours after admlnlqtratlmn of aaenlne with muscle deamlnase and
crude potato apwra%e containimg a&enoszne aeamlnaS@ and phosphatasa yielaea lnosine
‘as the main radioactive compouna as shown by chromatography in propanalsammonia—

water and subsequent radioauiogra;hyo Thie spot was elutea and rechromatographed
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tWOﬁdiménsionally'with carrier inosine,-adeﬁosine,‘and adenine., The radicactivity
.was,a390¢iated‘on1y with the inosine. |
The specific activity of.the nucieic acid adenine'of_the stomach éhdrintgstines
- is shown in Figure III. -The decreaée of specific activity‘éf the adenine in the
,nuclelc acid of the stomach and. intestines follows a first order reaction rate after
24 hours and from the data obtained a "half—llfe“ "turnover rate” of the nucleic
_‘aqia can be calculated. Similar data for the specific activity of the carcass and
.,;liver-nucleic‘acidiadeniné is presented in Table III., The values for the liver
‘nucie;c acid adenine were calculated from the specific activity of the FNA as deter-
. mined by the orcinol reaction. It waé assumed that the adenine'repmesented'lc% of
‘the n@cle;c acid aﬁa the ratio éf_éc%iVifyvin the adenine to that‘in the guanine was
3/1o .ApprOximately:this.ratio,waS“obtaiﬁed in the carcass and the stemach: and in-
‘ﬁGStiﬁ@Ss ‘Table‘III also compares the'speéific activity of the nucleotide adenine
 Qith_tha£~of the nucleic acld .adenine, Inaémuch as incorpération of adenine into
' Z-desex&nuéleic.acid (DNA) is small (16,33), to calculate the specific. activity of the
; 'PNA;adénine in the carcass andbviscera, the values in Table III should be multi-
pliegiby~appraximately 2 for carcass and l.6 for the stomach and intestines altbough
"'-théf;%is'considerable'uncertainfy as to the;exactﬁPNA/DNA ratio for these organs
- as the colorimetric methods used wefe,notrsufficiently specific,_-:
- The "half-lives™ of the adenine in tﬂe nucleotides and nucleic acid of the
' liVer7 stemach 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 radioactzvzty in the cellular components of the liver as’
~ obtained by fractionation in 0.25 M sucrose at several time intervals after adminis-
\ﬁratieﬁ of adenine=014.is shown?ianable IV, As iéoléfeé, the cytoplasmic super-
natant fractlon contalned approximately 90% of the nucleotide act1v1ty at all time

'intervals9 the mitochendrial fraction contained 10%, and the nuclear and mlcrosomal
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fractions ccntained_né more than 1=2% offthe‘nucleotide»carbon~14 activity. To
what extent this fepresents the distﬁibutien of ﬂucleotiaes in the normal cell, or
to what exﬁent it represents an értifact of the iso1ati0n methgé-is not known,
As shown iﬁyTab1e IV; there is a rapid increase in the raﬂioactivity'asseciatedq
'with.fhe nuclear nucleic acia.while the increase is least rapid in the microsomal .
- fraction., After three days, the specific activity of the nucleic acid is similar |
in all cell fractionéﬁ'“Qualitatively, the.resulﬁ is;similar even when expressed . -
an a total nucleic acid bagis, ieeo; Af it is assumed that the DNA is incorporating
the adenine to ths same extent as ‘the ENA, '
DISCUSSION
. The expsriments indicate that the uﬁilizatiog of adenine by the C57 male
meuse.agter intraperitoneal injegtion'is rapid and ex@énsive; One half hour after
administrationg-BQ%'of'the adenine remained as.free adenine while at 2 hours only
2% of the adenine remained. This utilization is not unique to the 057 mouse, normal
and sarcema besring A strain mice use adenine to a similar degree (8). Extensive
utilization of adenine o form nucleotides and nucleic acid has also been demon- |
' strated in feeding experiments with chickens (35) and in perfused rabbit and cat
livers (7) and pigeon liver homogenates (17). In 24 hours, 15% of the adenine has
been incofPOrated'into the nucleic acid of the mouse. : It hés’been reported (2)
that the'utilization'Of”dietaryAadenine”by‘057 mice is smaller by a factor of‘5
thén that which occurs in the Sherman rat. If an éxtrapolation-can-pg made from
injected to dietary adenine, thié-WOUId,indicate'thét 75%-of the adenine would be
incorporated into the nucleic acid of fhe rate !This valuefwdﬁla‘éppear to 5e;mﬁch
too highe | | .
The results obtained by the C57 mouse for the incorporation of adenine into
the éoluble'nuélébtidesl(AMP,.ADP, and:ATP) are in;maiked.contrast:to those which
' have been reported for the rat after dietaiy administration of aéeniné (12) and
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and N1° ammonia (25). In the mouse, the 1ncorporatlon lnto the nucleotlde fraction |
has been extenszve, on a spec;flc act1VAty ba31s9 the soluble nucleotides in the
‘llver and stomach and 1ntest1nes are 10~20 tlmes ﬁore actlve than the PNA adenlne ‘
2 to 24 hours after 1ngectlon of the adenlneo The carﬂass ratlo lS appraxxmately
unity, depenalng on the time chosen for comparlson and the actual DNA/PNA ratloo
One experlment has 1ndlcatad that the magor adenine 1ncorporatlon in the carcass
nuclelc acia has occurea into the bone marrow rather than the mnscle nuclelc acido
Several explanatlons may be offered for the apparent discrepancy in the
utllizatlon of adenlne for nucleotlde and nuclelc acid formaflon in the mouse and
rats 1) the dlfference may be a species dlfference, 2) in the experlmentq reported
with m:Lce9 the entire carcass ;ncludlng bone marrow was used;~and 3) the relatlve
incofporatién into nucleic acid and nucleofides may depend on the amount br conéenm
tratién of aaeniﬁé'adﬁiﬁistéredo Héwever? fadioactiﬁe ﬁucléoﬁides were showﬁ to
~be in fﬂe mnscle.of the cércass in a 24,hr¢=experiment‘inAwhiéh the muscle and
bone.wére separated Befbré'the extractiong 'The specific activity éf thé nurieo=»y
tide fractlon of the muscle was szmllar to the total carcass value at the same tinme,
There 1s some ev1dence that large doses of adenlne are 1ncorporate6 relat vely more
1nto the nucleotldes of the carcass (12) The ameunt af adenlne admlnlstered to
the mice in the axperlments reported here was comparable to the lower dazly dose .
fed to rats but it was administered 1ntraper1toneally at one tlme lnstead of by
feeﬂlngo A recent prellmlnary note (29) descrlbing experimentq in whleh aa@n;nem8m014
was 1ntraperltoneally lngected into male rats at a camparabie dose lavel used in
- the above experlments 1ndlcates that aaenine was exten31vely 1ncorpcrateé into
soluble nucleotiaes of the llver anﬂ v.iscera° The ratlos of 1nject@& speclflc
ant1v1ty of . the aaenlne to the speczflc actxvmty of the soldble nucleotldes ana
 nucleic a01a adenlne are 51m11ar to these found in the mouse,
The exien51ve lncorporatlon of the aaenlne 1nto the nucleotldes and nuclalc

acid of the mouse has made it p0381b1e to calculate the "halfmllfe" of the adenlne
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component in these fractions in the liver, stomach ana intestlne39 and carcass
from the data shown in Table III as shown in Figuwres I and III, From the values’..
obtained9 "half-lives" of 295 days ana 12 days have been calculatea for the nucleo=
tides of- iiver and carcasso Two components are indicated for the metabollsm of
adenine in the nucleotide fractlon of the stemach and intestines; one wlth a half
life of 13 hrs.; the other 3.5 days. This may be dus only to the'aiversity'of
. tissue represented. Similériy9 valueé of 8 days, 3.5 deys and 8 days have been
calculated for the ﬁucléic acid adenine of the SamE‘tiS§ues. Since the PNA and
DNA were. not separatéd in the‘stdmach and intestinesbénﬁ tﬁe carcass, the nueléic
acid value .could pOSQLble represent an average value for the two types of nucleic
acid. However9 data inﬂicate that the DNA/PNA ratio for utilization of adenine
in the rat is about L/7O to l/lOO on a &peclflc activmty basis. ‘A ratio of l/25
.has been obtalnea in the livers of A btrain mice lngectea with adenlne (24 hr,
,axperimentq) {(33). Therefore5 unles 88y a8 is unlikelys radicactive compounds are
subsequently incorporated into the DNA9 the flgures for the decay rate of the |
adenlne activity in the nuclelc\aclds probably represent the turgover of aaenin¢ 
in the PNA. The ad@ninq/guanine specific actiﬁity ratioc appeared to be about 3/1
~ for allltiésues,an& for'all fime interﬁéls; however a careful study of:this ratio ‘
has not been made , | | ' “
Ehe values obtained for the biologlcal ”hali&life" represent the fermatlon of |

.the'nucieotides'ana the adenine Kana probably guanine) of the nucleic acid from
non-radioactive, presumably eXogénoﬁs9 materiaig"Thé actﬁél turnover of ﬂﬁcieié |
acia in the carcass may be more rapid than 6@termined above if the' carcass utilizea
'radicactive compeunds from the liver or stomach and intestineso

, The “half%lifeW for the nucleic aei& aaenina of mouse liver is sxmildr to
'that in rat liver {16)0 It is also simllar to that calculated from the renewal

.-

‘of nucleic a@ia in rabbit bone marrow in vitr@ (l)o The value of 13e7% obtained
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fcr the renewal of PNA in the lnternal ergans of the rat after feeding adenine
for 3 aays (ll) can only be a very mlnimal valus for the turnover of nucleic
acid adenine; since no allowance can be made for the adenine . incorporated into
the nucleic acid from other precursors, i.s. fprmate,.glyclnegiethvwhlch are
no?mally uéea for nucleic aéid syﬁthesisp If, in t‘he‘rat9 as-in thé mouse, the
'\aaenine is rapidly metabolizgé to other Qeﬁlpounds9 it will éot'be present long
after_gdministration9 subsequently the ENA‘will be fqrmeé froﬁ othér precursors.
‘The-;ow.incorﬁpratiom"of adenine into DNA of non-regenerating ﬁisSué'does not
nécesséfily inaiéaté ﬁhat DNA has a much élbwer renewél fate‘than ?NA, it may
1ndicate that adenine is not efflclently utllized in nonmregeneratlng tlssue for ‘
DNA synthesmso The relative speclflc actxvmtxes of DNA and PNA show wide vari-
ation. depending upon the nature of the raaloactlve compauna admlnlsterea and
the time after adminlstration 1(189 279 33) This is further 1naication that the
calculatibn_pf "turnover ratg"fiom incorporaﬁi@n in not vgliaa. ' |
F?ém the é&p@riﬁenﬁglly.éeterminea féﬁgwalfrates 6£ tﬁe_nﬁcleic acid, the

expéctéé'ﬁﬁrn0ver éf'PNA in‘2'hrso wOu;G béZQo7%.in thé‘;iver and éarcass and

1.6% in the stomach and inte@tineso Frbm the renewal rate and esﬁimatea value
for the PNA/DNA ratlo of the tlssu.es9 the minlmum expected allutlon of the in-
corpbrated adenine at 2 hours can be calculatedo It ls.foundg‘that the observed
: dilution Qf the adenine incorporatea into the ?NA is actuaily slightly less than
3'balculated for a “airectm incorporationo This'inaicatés thatgvuﬁléss the turnover
of nuﬂlelc acid aaenine is grsatly ac@eler&tea by the presence of relatlvely large
Iamount ef adenine9 the aaenine is being lncorporatea by means which are either
_direct or which involva intermealates which dllute the aaenlne only sllghtlyo
".Although the - 5maaenyllc acla of the stomach anﬂ intestines ana the liver is much
more rgdlegctlve than the nucleic acid aaenine9vit is probably not an intermediate

in nucleic acid synthesis inasmuch as a turnover of 10-20% of the nucleic acid in

[
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2 hours wbula_bé necessary to obtain the cbzerved acfivitvahereas the calculated
turnover in this period is Oo.7-1.7% in the several tissues. One must not over—
look the possibility that the 5-adenylic acid in different cell fractions or cell
Sit@ég i.80 the nﬁ@l@ii% might have a different carbén;14 activity than the total
or average75aaaeny1ic‘a@ia,anﬂ be a dirsct intérmediatao ’ _ A
 The specific activity @f‘fNA”isolated in liver cell camppneﬁts fractionated
in su@rose by the aifferenﬁial.canﬁrifugétion method indicated the most rapid
utilization of adenine in the "nuclear PNA" fraction aﬁa the ieést rapid in the
mlcrosomal fraction, Slmllar reqults have been reported for p? s glycine, and
orotic acia‘(Aa 8 209 34}a Ihe %decay curves™ for the total activity of the
'Vérious'cellulaf f&actxons ‘indicate that the rate of disappsarance of actlvity
in the nuclear fraction from 3 to 16 days is c@mparable'té that in the other
céllular fractions. Two sxplanations may be offersd for thiss 1) either the
.estimated activity'of the nuclear PNA at 7 to 16 ééys is teo high due to the
‘relatlvely increased amount ef actlvity in the DNA (although the adenine is in-
corperated to 3 much small&r extent, its turnover is certainly slower)9 or 2) the
”nuclear% PNA as isolataa contains two typ@% of PNAW one of Whlch is a rapialy
metabolizad PNA as suggﬂstea by the data ebtaln@a with aaenkne for 1/2 and 2 hours
and by P32 and orotlc acid for short time intervals. The extent @f’mgenﬁamlnatlon“
of the nuclear fraétion by mit@@hémdrial.ar @ther PNA is not known, but it must be
small since our figure of 8% of the totalkaA present in the nucleii is in agree-
@ent wiﬁh‘thé amount reported when citric scid is used to separate the nucleii (9)o
The contamination by miﬁochonaria can also be estimated to be less than 103 of -
the mitochondrial fraction from the total activity found in the cold TCA fraction.
The ﬁmhalfﬁmlife““fof 8 days calculated for the liver hucleic acid adenine agrees
well with the 7 day value obtained from the data (34) for the specific activity

of the supernatant PNA (including microsomes) sfter administration of orotic acid
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to the rat, The rapid increase in labeled INA in the nucleii appears to eliminate
the possxblllty of a ”nuclear membrane“ lmpermeable to preformed purlnes except
during growth as has been offered as a tentatlve suggestlon to explaln the rela-
tive non-utlllzatlon of adenlne in DNA synthesxs during this period (15)0

From 2 hours to 24 hours after 1ngection of adenine there is a large increase
(7~10% of the 1ngecte6 adenine) in the total amount of 014 activity in the nucleic
acid. Slnce at 2 hours, there is less than 2% of the injected adenine-G4 still
remaining free, it is impossible that the'mnorease can be due solely to further
free adenine beingvineorporatedo“iThue, there is evidence that other radicactive
compounds are present in the nucleotide fraction which subsequently are converted
into.nucleio‘aoldo 'The fapid deorease‘iu foﬁal ectivity in the liuer and stomach
and 1ntest1ne nucleotlde fractlons irom 2 hours to 1 day followed by a slower first
order decllne also 1ndlcates there is a compound or compounds made Tore reactlve,
either by v1rtue of 1ts structure or locatlon in the cell which may be utilizeA

for nuolelc acxd synthe31so By the enzymatlc and paper ohromatographic metheas

described above, no alrect evidence has been obtalned 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 reuresent as little as lOaZO% of the
radicactive material present- two hours after administretion of the adenine, and a
considerable smaller percentage of the ultra=vioclet adsecrbing material.

The feasibility‘of feadily obtaining 5wadeuylic acid~Cl4 in feir yield for
further biological experiments after administration of adeninemc;4 to mice.should

also be pointed out.

SUMMARY .

Intraperitoneally administered adeninee4,6m014 is rapidly and extensively
incorporated into nucleotides and nuoleic.acid:by 057 mice. The incorporation

rate of adenine into the PNA indicates a pathway involving little or no dilution,
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therefefe-net ﬁhfu the general 5-adenylic acid poole _Theiéhalfmlife?fof‘the 
nuclectide fraction was found to be 2.5 days in the liver, 13 hours and 3.5 days
~in the sﬁemach and iﬁtéstines, and 12 dajs in the gércass_(includiﬁg beﬁe)9
whereés the PNA aaéhiné‘had a'ﬁhalfmlifew’of 7-8 days in ﬁhé liver, 3.5~days in'
the stemach and 1ntest1nes, and 8 aays in the carcass. The mnst rapid 1ncerpora~
vtion of adenine in the PNA of the llver occured in the nuclear fractlon and the

least rapid in the mlcrosomal fractlono.

LI

,ACKNOWLEDGMENT

) The work described was done in part as a Postmdecterate Fellow of the American
_Gancer Society at the Unlversitetets Institut for Cytofysiolegy, Copenhagen,
Denmark, and in part under the sponsershlp of the Unlted States Atemlc Energy
G@mmlssiano' The author wishes to acknowledge the many helpful suggestions offered
by Prof° Herman Kalckar and Mblv1n Galv1n during the course of this researcho _

'Funds ef the'will;ams=waterman fund made available a Splnco centrlfugeo



17 UCRL-2027
TABLE I |
DISTRIBUTION OF GARBON-1/ AFTER INJECIION OF
ADENINE-/,6-C14 INTO MAIE C57 MICE

' (% OF ADENINE INJECTED) .

o

2 HOWRS AFTER INJECTION " 24 HOWRS AFTER INJECTION

TISSUE
COLD TCA - HOT TCA  FREE COLD TCA HOT TCA FREE
EXTRACT EXTRAGT ADENINE EXTRACT EXTRACT  ADENINE
CARGASS 1 19 0.3 12.2. ) < 0.1
LVER 10 06 1.0 5.7 2.2 <0.03
STOMACH AND 16 5.0 0.7 7.8 7.3 <0.05
INTESTINES | |
KIDNEY 9 0l 8.1 0.5
SPIFEN 0.6 0.1 0o 0,5
LUNG‘S ' Oo.lp 0.004
HEART 0.1 0,01
TCTAL. 52 7.8 240 34 149 €2.2
BREATH 2.1 16
URINE 40 30
TOTAL. 104 97
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- TABIE II

% OF ADMINISTERED ADENINE-/,6-C4 RADIOACTIVITY IN
| | ' RESPIRATORY GO,

TIME AFTER INJECTION % ACTIVITY TIME AFTER INJECTION = % ACTIVITY -

(HOURS) ' IN €Oz .. (HOURS) N CO2
ol - : 0.6 10 o 1o
2=4, _ ‘ 2.2 12-16 2.3
4“"6 . ' . :'..e8 . 16_24. . 3 pl
6-8 _ 1.7 o — : -
‘ ' TOTAL,  0-24 16,0
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SPECIFIC‘AGTIVITY AND HALF-LIFE OF NUCLEIC ACID ADENINE

AND 5-ADENYLIC AGID IN VARIOUS TISSUES
) (dié/minﬂig Adenine)

TIME AFTER . LIVER STOMAGH AND INTESTINES

4 " CARCASS
INJECTION ) C - |
- 5-ADENYLIC = - NUCLEIG 5-ADENYLIG™* NUCLEIC  5-ADENYLIC NUCLEIC
ACID ACID¥ CACID - .. ACID - ACID ACID
. 1/2 hr, 740 9%5 . 800 35.5 74 16.8
2 hours 1080 e 1930 205 190 106
130 65 23000 250 235 12
24 hours -~ 800 — 790 265 166 © 178,
74, hours - 428 340 290 188 U4 116
7 déys 148 2% 126 -9 113 78
16 days — 91 23,6 13 68 39
HAIP-LIFE S 13 howrs )
(DAYS)  2e2-245 - 7-8 345 345 12 8
#®

The Specific activity of the liver nucleic acid was calculated from the FNA

analysis of the liver fractions. It was assumed that adenine represented lO%_ofw'

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

the guanine was 3/1.

¥ o "half-lives™ are represented in the decay rate of the nucleotide fraction

of the stomach and intestines.
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| | TABIE IV
SPECIFIC ACTIVITY OF PNA IN G57 MOUSE LIVER GELL
FRACTIONS AFTER INJECTION OF ADENINE-/,6-GLé

,(diS/ min/Mg PNA)

SOURCE OFffNA - % OF . . .TIME AFTER INJECTION . -
- TOTAL ‘ Co . .
o PNAIN : .

. FRACTION® ~ 0,5 hrs. 2 hrs. 3 days 7 days 16 days.

‘Nuelear 7 . 46 ALT - 43.0 389 9.5
Mitochondrial 19 1.2 7.3 46,0 - 392 . 140
Microsomal 50 0427 4245 38.2 | 112
Supernatent 24 2.6 LB 52,0 4lod 1246
Av. dis/minfg . o 1.24 8;7 4540 39,2 16.8

*: The toﬁal amount of nucleic acid averaged 12.5 mg/livgre' 29% was present
as DNA, ’?.l% as FPNA, It is assumed _'t_.ha'b all of the carbon-1/ activity is in the
P_NA,Y At 0.5 and 2 hrs. 'this is undoubtedly true, at subsequent times it is

poseible the DNA may contain a signifieant fraction of the activity. .
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CAPTIONS TO FIGURES

Total carbon-14 activity of the nucleotides isolated by extraction with

cold TCA from the stomach and intestines of mice from 0.5 hours to 16 days

after administration of adenine-4,6-Cl4 B S ¢

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

0.0

Radioautographs ofbchromatographed cold TCA extracts of viscera (iower)

énd liver {uppsr) obtained two hours after injection of édeninem4,6—cl4

into C57 mice.

- X3, X2 and X3 not identified.

Carbon-1/ activity of the nucleic acid aﬁeping!isolated from the stomach

and intestines of male 057 mice from 1/2 hr. to 16 days after injection

 of adenine~4,6-Cl4.,
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