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By. Edvard I_I.'. Bemxet‘b-wd Hﬂﬂa Karlaeo'n

(From tha Radia‘bion Ia'bora‘oary, ﬁnivar;ity of calirarnia,
: ' Berkeley, Californis, ) RSTENNE | o
| January, WS

sWarnl ccntradiow;y reporta (l-3) concerning tha possible lability of

4

the adgnine ring iu mamls pwompt us to raport -the resulta ve have obtaimd tn

; mioe utiLAng tb.ree oarbon-u-labeled adenims: mnm-mc"" vadenine-k ,6-614

B A |

'
P . »I
-

- 'Gordon_'. firs't. _auggested that complex paths may be ‘involved in m‘mmauon

. 3 et . . o, a, - ¥
wy s o . K ) o
s ® * ~ N I * - . AT

" of exogensus purinee or in the bi@lbgipail‘intéréaﬁveiaibﬁé of ‘hha pu&jihéé.‘ Tbnn K

]

" utdiipation of adenine may 'appeagr to differ socarding. t_«g the po'sitiqn of the -

‘ .

o '.."i,bo;bbpic lé.bé'l (&) aubaeqwntly Gordon raportea results ;upporung this auggestim

L . . » _;,'.f\‘

rx-om feeding ezpérimbnts 1n mte :I.n vhinh the mtaboliam of adenim«-&cy’ waa

E

K comparad with vailma rerpor*baé 1n the literatw'e rm- a&enine-l ,}n (1),, . Abrame
has raoenuy oompared tha Ma-poration of aaenina-z-cn and adonine-s-cu into
the ribomzeio ‘ép'ida o‘f” ra*;- _- wér (z)’ axgug'm» tim -_me;}vala, - Yo. signimm_"

/

chénge in the ﬁiuq;hoyé retdo from that of the administered cOmpound was found,

‘fhe evidenee for' purine ring lsbility in miercorganisns, fowl, and mamsals hos
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us&é to ob‘t;&in C‘U' and G 02/6 02 (spécifio activity) exoretion patterns (9) 6

T Thz respiratlon data preser.'bed are tne average of .?. t.o 3 imivi.dual eyperimentsa -

L In tm-’. fﬁf’sﬁfexpgrmnfa, 'm?i'de" 'me, sacrmcee;-‘si?‘l, -3,; 175 and'-:":za -'a-aya

ﬂﬁf-vﬂb&miﬁéw'afibn ofAd-C:PL, -In tm ee-’uaond ex’periment in which the met.abolism

,\ .

PR of Aa-zacu" ‘6nd ﬁd-—l. ,6-011’ was m@re critically oemparéd 3 pairs of uttermat.ee — .

| 5 inj.ep'injeowd'#ith Ad-zfc“ and 3Lm$.<;e' _i&xtn" {Aw,_,s;cu i'—é'vf'ere agg;-.;ificéa "a-t_ 1 '

i":‘\

the*eﬁ‘sot oi‘ i‘olio aoid inhibiters, aminoptex‘in (/.o mg,/kgg) or A-mthop'aerin

- '}‘.'&

 day exd ‘another 3 palre at 15 daye ,afw:iz.;?ﬁbé ademe%a ﬂﬂﬁinisﬁfedo*"»?" ‘ié’“érmin@ s

[N

(180 mg./kga) (Iederlé) wés a&minietered 30 minuws priox‘ to the adenine, Th(_a

ianimala vifﬁe‘;ﬁa ,_eaqrifié,‘ed 24, hmufe 1{3}‘0‘0!1.*“'° The -.anihxals “viem sa;c‘xfificéav‘anﬁ-‘fﬁfz,e}'_"ti_asues

' ,:.were eepérately,f‘raotiez;aﬁegl as previously deseribed (lOI, 11),

| The ep‘eciﬁd activi‘tie;sv of "cﬁe ' ﬁ—aaeﬁylic vaci',d de;i-iva-twq'a_or--;m BQIﬁble .-

nueleotiue i‘ractian (5—%1?) RI\A—Ad a.nd DM-Ad were determned “by differemial

'-féﬁzyma't*ié" spe'e,tfophotomewié{‘mgtmas gqmt;;;néd'_wﬁiﬁn dir_e__g’:i', 'iplgm'bvééﬁntmg Gfter

T

pape:r ehz'dmatographic 'puvx"_vii:licé;‘bic‘m)’ (10 ,ll)QIn addition, th epecific activfi’biie 8

Bl

" of the R¥A-guanine (RNA~Gu) and DIfA guanine (DNA-Gu) were deternined by eimiler

methoas in .whie‘n rat ziivar guann‘se andmnthine oxidsise were uﬁa,gd to oomjert the

guanine to whic acid (12—11.), 311 guanine speeifs.o aotlviuea were. convertea *bo

, ug, éqizivélént adening spe.cific activityl .



b=
Direct-pleting techniques were used to determine the radicsctivity in

the isolated fractions (10), Radioactivity measurements were made with a '_ .

Nuclear~Chicago D=47 uindowleés‘gas—fléﬁ'iounter and automatic aamplg,changer;

witb.platinum.diahes of appréximgteiy 3;7'¢mp2 arsa, Counting efficienqy:uas‘

'épproximately 53 per cenﬁ;’ﬁackground es equivalent‘tq-,asdié,/min° Semples

with lov activity were foutinely counted for duplicate periods of 30 to 60 minutes,
and reliable determinations of svtivity could be made on semples that counted es
1ittle as 25 per cent ebove backgrouﬁd;

‘ RESULTS AND DISCUSSION |

Previous studies of adenine incppporatibn in this leboratory have

4

‘ubilised hdeh 6=C 4 (10-12) , whereas Ad=8-CM4 or 4d-1,3-K1° has gonerally been

-uéed.by other workers (5}, Our presént knowledge of the biosymtiwsis of_the:'

pﬁrine‘ring repults chiefly from the research by Buchansn and codworksrslflﬁ-ig)

and,Greenberg and co~workers (19~21)3 who havé shown that formate is the precursor

“  of the G+2 und -8 positions of the purine ring, On the basis of these findings,

it eppears that the C-2 anddor)G-8 posiﬁibn!éf thefpufiﬁe'fing may be labile e

and able to equilibrate with an'“.x_a.gtivé’» Formaté® of the biological systems We -
considered that these positions might Es labile before ths adenine haé been ineorporated

ihte pucleotides or nucleic acids, in which tese the«01402 respiration curves from

~ 4
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1

~ 2d-2™ or 26-8¢"* should indicate a relatively high initinl Fate of oxidation

o to cl‘oz? similla.ri to tmt.obﬁi@d -tﬁ.’th sodium formate, - |
)Thiz. cu‘o2 mapn-a-ti?;_{ data Sbtatned éftgr @nuwation of differently

3 '131‘:;19’_& adeninea a;ad of fomafee-bu axe. ahown i'anig‘_;_:;‘l.“,'. 40»11"02 uas‘ ;aptaineé from

| .‘ .:;é@ﬁ Of, the labeled aden_ina‘ Qdmpoénéég Marrian g& g_L_ 3) :"re.poxj‘ted‘ no‘ r;dio;.otiva

.60, from Adw8-14 fed to fats, but the Ad-8-C4 that they fed had an activity

RS

of 3,4 x 10% 'otg,/min;/m compared with the 2,3 x 106 d1g/min,/uM; for the

1%

- 4@-8-C"" we utilized, so thut the small oxidation we obgerved may not have been

- detectable in their experiments; c“’o_?_ from 'Ad«-z.',&-.cu is believed to arise
primarily from the 0-6 carbon when adenine is converted to sllantoin, Thus,

~ the 10 per cent CO

, obtained in 22 ho_ui’B from Ad=, ,6-03/.’ represents 20 per cent

oxidation of the purine ring to allantoin, The metabolic steps involved in the

' formation of (31!*02 from Ad-?z-cu or A&Q&Cu are mot known, ‘1‘h9 C:M'O2 respiratory

B

patterns obtained from Ad=2C 4 and 28-8:6 g6 not in any way resemble that

.ob"t;ain'ed with fofmate—c'uf, and -thus e rapid exchange of the C-2 or C~-8 positién of

free adenine with "formate" of the biologlcal system is not indicated, The rate

 patterna of cmo2 excretion of the fsomsrically labelsd adenines differ; pde2-c 4
. and Ad~8~CM4 are initially oxtdized relatively elowly, Since the most rapid

i

axecretion of CMO

, ocours from 2 to 6 hours after administration of the Ad-Cy",
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" must be {hrough secondary productd of adenins metebolism,

e oo

;. tine inf

* .7 s ttie when free adc™ 1 present in only trace quantities (12), the oxtdation

1n humans, further

;6iidati0p'9£{uric acid hag Beeﬁ‘éﬁ§¥n by.regdvery exﬁériﬁeﬁ#g;usingxnﬁ;c'ééiéénlﬁ (22)

F}

.. -and more diréctly ueing wric s0id~2-C'% (23); o that purine ring oxidetfon at

4

- pos1tidns other than 0~6 is ot unique %o the mouse,

T.".;,é“; ' ‘": : . . . . ) . . ,:; . o “_. -.
. Also, specific-activity curves obteined from 1t are anémalous in that -

1

2

A

LTI

specific activity does not exhibit a uniform decline from en early - -

w

C maxinnm sh;mﬁ_ vy mamy ’éomp;u'nﬂg (iée.glyuine,formaua,glucose), inptesd perdods .
of increased specific aotivity -are often obeerved 10 to 20 hours after adenihe is-

yv* §ﬁJeoted, Thie may rapresentiinéiéﬁééd-caﬁbeIiéﬁ 6f“§n§1eot15ea}éndfnnoléic_actdé“ﬁ

tasociated with food intake, or vith oyolisal phases of 0ell divi:aibn,;'_!- E

) In addition to determining ~;ii_,ffe'z‘"encéé' in the 0‘]1“02' rgbp:!rat‘.;{onl ourves

-

. after administration of the isomerically labsled adenimes, we investigated possible

| @ifferences in incorporatiscn into mucléotides and micleic acids during various

Xervals after injébﬁiéxii Buchmmnanng;hulman havqf éemon’at;ratéd_-in pigeoh ,

S .

¥ liver :hamoigena-%é an eméhé.’née of fcrmate with C-2 of inoginic acid presumably
~ due to an inbercémeréion toL—aminm&imMaZolecarbommide ribotide (17), a

Abramsand Bertley have pries.énﬁ.d"a?\;idénce in rabb;i‘b' bonemarraw pfépai‘atione'. :

¢

" that edenylic apid 1s qonvér_tégi to. guanylic aold via indsintc aeid and - zanthylic

Fa



.éeid (244 25), .We have ére&iOualy shoﬁé‘that a&egine i; exten#ifély éndirépidly :

%gcorporated into adenylic acid nucleptidﬁs‘and,m;re élowly_ingé_gu;nyl;c ac;d.'

.ﬁﬁcleotidgs (10-12), After 3 dayag‘thé épgcific a%fivigy_of ;§é adenine nppieo—

. 'tidéie,;(':f the small intestine, m@_ﬁ;mﬁgm, and carcaas were similar to---the’
-_L*;_;'v)vec'i.fic activity of the ‘corrésﬁdhdi;l'fx.g RNA, and 1t yéé »%ﬁggget;ad ‘that .t‘;he. renewal

jdf 3§A éue to bregkd#ﬁﬁ:apd resynthegié from nuci;otiéss of the cell is more

.§ap1¢ m? ‘ind'j‘,cz-ated'py e disa‘ppeazfgxilcoi'gét‘ rgﬁiaap_tif;i‘tﬁ, from m | Thgre'-férg y

i £he_posfu1a£gdvexohange ofvthe.c—g or G;8lp?s§tion 9£ th; pgrine ripg énnurs

"in j‘mioe ,' anixgaia injected wif.h Ad-z-cl‘ and (or)Ad-g.c.u ahouid- '.havaf less iegt_.o’pe

:i-ncofpe:;ratad into ﬁuohqtia;s a.nd (cn') nucleic aé:bds than animals adminis"be;'ed |

Ad—4 ,6-{:14" «Thi; ‘differt;nce sﬁ;ul;i ,exie;t'iat.:'él. houreif the ;xéhange ocours

K primarily withlzfz;_ee pm'inels, a'md_ ejhould béc@mé larger vith time if the exéhange '

,océu_r's ’at. thev pgclgotide or nucleic.g,cid level., If the ‘:reac.tion ﬁ | |

-1nosinid acid fr';f'f*‘%fzégamipo-é;;;;éggéég'éarboxam£§é riboﬁiéé ;;Fférmate"

vfig‘the pgincipal reaction résponsiﬁ;p:for'tiﬁg lab;;iﬁy (i?)?‘anézif,inosinié

,aé?d is,én,iﬁ§ermadiate ig';hé eonV§reién;§f,aa;;yii;tacidsﬁé.gugg&iic A?ié, i§

. may be expected‘that the ggah;aé';§e$ific éc#i;%;éiéf£ér iﬁjéction'of ga-g,clk

wiil deore;se more raéidly t.han. e.ftor in;eotiop of Adw/ ,6-6140 This .ef-if‘eé‘t. might be

larger in tissues that have more‘rapid nucleic acid renewsl, such as the ;mall



h .ahd large mmstiﬁe 8,

In o'ulf experiments,. t;he' gpecific giéi.ii{ity of the ébluﬁlé nucigo_tic_ie..' R

" afienine isolated as 5-AMP, RNA-Ad, RRA~Git, DA-Ady and DNA-Gu have been doterniued
o . for five tissues after administration of A&-Z—Oy’, Ad-aa ‘,'6—-'014, andAd-s-&--(.‘.:u’6 The

- 'fir-e’tv é;:;ierizﬁent was designed todet.ermina any ‘-?gro;,lés(&iffe;'enbeafexiétéd"in' the

% metabolism oiji'.thegq threaisomrical]ylabelad oompounds ,and single a.nimals were

ut.i]ized tar four sdsis intemla up tc 23 days@ Thespeoific activitiea of the
| S,Aw,m.m . and am.qu ,m shm in Tath*A,&nd thespecific aetivitiesofthe
. | DA-4d ami DNA-Gu are pu-eaent.ed 1n 'rable 1-8, Thepercentage of the oontrol

L4

% ’ *
1

( . (Ad—4 ,6-01%) gpecific _{ activity i‘or each tissue fraotienis alsocalculated. ’
o lare onsitant Gstoronns 1 s spsici. ativiias o She molestdos
jér nueieic a.cids were founé after l;dministratmnoftheisomericallyrlabeled adenineeo
A In on],vnine oomparisons outof 82 vasthe ratioAd-&C‘u’/Ad-A ,6-'01/’1388 tha.nO,B, |

| :..aéd”'thes-e &é'vi;atigi;é' appeared o barandomandnotassociatedvithaparticular |

i tiasue. " No decrease of this ratio with time was observed, Howvar, in more: than .

S 50 per‘o'ent"bf' the coméarieo#e-}maae af ter 24hom-s, the _Aa_'z.;é‘u‘/_;‘d%-,‘(,.;cu& tatio was

" less than 0,8; this was partisilarly true for laver and kidney RNA, and carcass DNA,

© " It should be borne in mind that this £i¥st sxperiment was.a pilot experiment with

e ) . +
4 4 e

- single animals to determine if any-large differences existed in the mouss. such as those



. fron'the pooled internal orgafil.at ohe tims interval,

"7 e e romuat of thase firet expebtasita o Y

s e s
¢ -
FRERRN .
* e Ao

R

) absfm@d for the rat by Gordon (1),whoreported daté ‘after feediﬁgféxpériiﬁui;#s ‘

. L
N -

g

E respiratory ‘excrétion of
Y

-

C 0, and the;vinéox;poratfib'n of the isomricallylabalg{daﬂenﬂme iht& fucleotides

* ./and moleie ‘acids, it was apparent that anyringlabnity and conssquent differences

N

in’the metabolism of adenine would be stall, AGSordinglyy s Escond experiment was , .
, mae, using 6 pairs of iit‘ttermateq, 1nﬁhich~:the~ -ﬁe’t'aboliém_of 3&-2—0}4 and

. ) Ad-wl.,ép-cuvas more oriti‘oallsr;éompare""‘ red, Three: pairs of enimals were sacr,iﬁee{inﬁt'

A

, 2,4 hours tp obtain early. differences in ~fui{:mt_pﬁs!*"ed’..’mn ‘and 3 pairs "ﬁex_‘e sacrificed at |

15 days to determine if eny change in the' 20-2-014 /a6~ ;6614 ratio was apparent, .

e

| The ;’geum are;n‘esentedinTablesII-A, -é; and -c“.fi_s‘_r theinoorporation into |
1 ?uc hotﬁe "adeni;:; ) 1n§o 'RNA-IA& and RNA-Gu,aad ihto nm-m and | nm—su, .:eapeo‘ﬁve}y,g
e _Aﬁ"e’?u/kd% s r‘ﬂ‘.t‘*; o mraze spec“‘i" cotivity btatont £ °”"‘°h |
.v t_ieasﬁa .frag':tionl ranged fron 6;’:35 to 1;15 , mn‘“aa average ‘va#,'e “of 1.,03',;;" No difference
in ttw ;.vgragé faﬁié was oﬁérved betwen land 15‘ _c‘iaysj;t It 'is there_;’gre .v(:e:‘miflnded :
t.hat the 0;2 z;t.)s:.l;;i..on.of the purinering i’s'not' lgﬁillé ;*;lative o the C~4, ’.6, 'p,'esit'iohs,
either during 'th;e"‘i;nit..i‘a;llinc’:qr.pbmt.i.og _ér s}ibsg_q;igntly, »aft;ér inqo:?préﬁion into
c nuc]ﬁetidea ~and nueleic :'a,eids;' Omethe purine ri.ng 1Bbr°k°hv“' 19 catabolized

l to end products which are excreted, Thus our Tesults confirm and extend those obtained

s



: _10%

.

2 ”ibi Ahfam; for rat liver RiA #nd'b} Merrian for-Tat visseral mucleic acids, Our
T !‘{réguéﬁé é;{notiooﬁfirm thoso oétainéd by'Go£don fﬁr*ﬁhe nuc;éio acids of the pooizd
; . viacéral organé of-thé rat, It shbulé_bé p%iéted out that‘he‘administe%ed @he
.'f:;;dégine by féedipg; Hovéver, a mgre i@éor#ént ﬁnconﬁrﬁlied variapla.is ﬁelievea Yo
.i!k'?§ th§t ﬁﬁ;'campar§sén #aa ma6675et§?en déﬁg obtained b& ¢ifferent workers 1;
;'f'*ifﬁié?;?eﬁt iabofatofiesc | | |
The Ad/ﬁu.ratiga'hévg‘ggen e#mpargd for RNA and pNA f:aptions‘of;the various
r ﬁiesﬁié at:severa;‘ﬁimeé aftegiédmigistrgtion 6f't$e';é§p§nag  1n all cases, the
‘rétios ahowed gilarge deéragaé vit?itime;-ioe,; %r§m 7 £o BHAt 1:da§ to 1,1 £oyl,é
| é@‘zg'day; for ﬁ?e BNA of liver ana‘emfli.inteétigé;é ‘This ratib_ﬁaé similar fcr'a
B ;givé? tiﬁé;inteffﬁi an& tisgue frgotiqn aftér injeétio;vof é@-z;ciz; Ad-k;é;blk,
g or xru?«-t@&--cl”‘° _i‘hia constitutes axiditibnal"évide'poe- that 4o ﬁurine ring is not
i.iébile AQring the convefaion f?;mﬂaéég;né i@ guégiﬁeé_ A éecreaSé“in tﬁevkd/éu ra@io
hﬁ;;beeﬁ obsefvéd’pfgviOusly in the Eﬁé-of:reganetafinéf¥ﬁt‘iiver;njggtéd §i¥£
‘AddN1§:(17) and igro}topléamic‘ﬁﬁﬁ ahd.;§cleé£ R$; aéﬂ DNA 0f moﬁée 1ive¥ agiéeriodév*:
.up t; 24, héuré after injéctionﬁpf aﬂéhiyé'(27);é;a,similar éecrease in thé‘ﬁd/éu 1‘“
ratio was'obgerved for som§ bu£ not fcr;a;;;frgefionévof rat SNQ and.DNA sa;fific;d
1 ;nd 3 days after-fof&éte 1n§§et10n (28)a2 Swick gg‘ég_ (30) haféaléo;preeghted

evidence that the conversion of sdenine to guanine in rat liver RNA is Tcre rapid



P thanthe reveres resctdon, . el

e ; _. Several processes dan be sugggﬁ'eedfortm dacreasy in Ad/tu rgtiq. with .
" times (2) adenine may be converted to guanine ‘o the intact tucleis aoid; -(b). guanine

m6y be reneyed iudepondently of adenite in hucleic s¢ids and may have a elover re-

' tiewal; (c) ‘miclelc. aeids Fich in. guaniné may be renewed ot aslower rate than those

. rich in adenine; and () sdenine 1s.sloWly convertsd £6 gusnine in the nucleotide
" “podl {11), and this, combined with rénewal of nucleic acids from this pool, leads to

a decrésse in the Ad/Gn ratio, Since the muolels moids are probably synthesized
C T at 1sast in part, from compox_:eﬁ%s of the’écid;sﬁiﬁb;'e;mdleotida pool which are

" - radiocactive, the renewal of mzofié»id acdds ‘i.a.‘zﬁéi!ev rapid than estimated by disappearance

L of rediosctivity from the muclaic acids (10, 12), Tt is to be noted that the

Ad/Gura‘tio decretses mere rapid]y in RNA than i‘b doea An ﬁm;,/w}ziéh_ is consistent
with the concept. that RNA 1s-in relatively rapid equiliprium with the soluble-mucleotide
. pool, while DNA synthesis ig aspocisted with cell renewal, Suggestions similar to

© (8) and (o) were made by Bendich.et al,'(24) %o explatin the unequal retention of

_formate in DNA and RWA of rdts] To ue, the last mechunien (d) appears to be mare

 conglstent: with knoun procoases, .1t is further'to be noted that in no case after
adentrie administration did ths Ad/Gn retio becoms les than unity as might be expected

" 4f any of the first tiree méchanismp were’ operative at a significant rate, Owr
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“

“.%idney incorporated significantly lerger smounts of adenine, end emall intestine

. e o

i ‘ . r thix‘vationaand 'int‘ermﬂtatiqn of the me'ohanism_’éf conversion of adenine to guanihe ;

-
o

in nucle:.o aeids are not in _,ag;'oe.n_asnt w;;th t.hs au,glg;;e;atliéxi ‘by Belis et _@‘L {31) that

. ‘vonversion of adenine to guanine must ooour within 24 houré“after injection,

- A preliminary investigetion has been made of the effect of. dogage upon

" lhithe__'iz;qorpfoz-ation of adenine 1nito nucleotides and vnucle:i{.c 'ac,ide;"’ The regults
| (Tah]fa 11I) are expressed as i:-“(speéifiq féﬁ:tivity, obtained with O,szg, aéieﬁim)/
C Av -.'('gpeéﬁfieuactiyity ébtainedwithl.z mg.adanine) :} x 100 This:a valuaofl@ -

A “{M“ﬁﬁ' that the incorporation wss proportionsl to the dosage, -The ldver.and

"7 glightly less edenine, into RNA-Ad.than expeoted on e proportional basis, This.

B2

Ky - -effet probably explains therewrsal of the relative incorporation into liver and .

L

Jae ot

'mbxe adenine is incorporated into intestinal RNA than in’r,ol livér RUA, uhet*:gg’.gﬁ at low

" emall intestint noted by different investigators (26,29,32,33); At high doseges

LS

doeages the converse is true, - The'sﬁrikinély decre,agfaé.h incorporation into cg;gag.s

R AP
kL4 .

1 . . : - . B " , .

T DNA (bone merrov) at the lo_wér‘ aoso.gé i also to be ‘noted, Ixicorporaﬂ_on into . |

~ ‘ "_.‘Q guanine wéa markadly decreased in a1l tisste _fract.;ibn-s'aﬁ- t‘be low 'd'osa"&_ﬂg_; ‘This

4

L Yemult is particalasly epparent when t}mAd/m ratios ove, dompared, Thege

-

observations on the incorpo ration of adenine at tvo dosages .r;re“cvans‘isiézr’;t wi‘th ‘the

* gongept. that dn-part the utilization of exogenous adenine Tepresents in part.e



. FE mla--

* - . detoxification mechanism, The primery comrsion is to aﬁ@wlie acid ,_; probably :

S

. by.reaction with S-—phosphoribosylpyrophmph,,w (34)s v highesr- d"Ws,ﬁhe

! sbnarmally High smount of adenylic acid derivatives present lsads to an increased B

‘ *;';A-@mounf"éf.inosinid"&cid.vhich i97SUbB¢QﬁQ§t13'°°“ﬁer£&é ﬁﬁaéQFQYiic acid, In tvl

’.'.'_,’ -

.. addition, 4% is probable that sdenine. yields hypdxanthine prior %o incorporation .

5 inte iﬁ;clgotiéeﬁ, &;&d,thﬂa free hypoxanthine is suﬁaequenﬁ& converted- 1nto guanylic

¢

. -2 "sotd .derdvaiives, Thede reactions are probably particularly rapid in the kidney,

L

.';aridq_{it‘;_shbuld be rigted @hat'thié orgen has the lowest Ad/Gu x‘a‘tib;- .

1

Gther i‘m&{afs, in addition’ to amoun‘-b,‘of a’deq.tmfaam.inmwm;d,' that influence

ths ;.i;morporla*‘éi@n. ﬁan_d -—in pafticuliiz' -v ‘~ﬁﬁé‘<§onversion of adeainé. mm guanine |

£

L (Ad/Gu ratﬁ.o) are the folic antagonistq, aminopwrin or A-mthopterin As ‘shown in

Table IV 2 8 chmged patt.ern ef in@nrporanon of M—Z-Cy* wa.a notﬂd in the drug-

CA e e
L7 S -

ﬁréatf;d animals(, 'me c_affect being ﬁi‘f’fémnﬁ in .t“lge differa_h’ja ti.seue”é_g In inqst

[

tissues, an ingrewged _f‘spe'oific_ activity in RNA=Gu was ngg';gved"., yl;gres‘ié only a,slight :

L

. effeét was noted upon the specifié activity of RNA-ad, Stuilar sffectsiwpre noted

“

" 4h the' DNA of the intestines, 'o'nefmg;, éi" am;'.izoptggin appéhfsd to be mofé"ei‘fectiva" N

A\_

than 4.5 ng, of A-methopterin, skipper sa,..:!m (35) have n@'wd & exeaf-l? ﬁ"mmd

. ‘mtiligetion of formate or 0O, for n:uc;;eiq."a,om'fsyn'enegﬁe ‘é.fﬁer x‘m_lt.ipla amino_gitéﬁn '

* - or A~methopterin injections, but. obteined no effect upon .G'o2 utilizetion shortly .



S TR
_ efter a single dose of ahinopterin, They' suggested that multiple irjections of -

folle acid antegonists may be necessary t6 produce & £614c acid defieiency, ' Our

' ‘results Were obtained efter a single infection, but it should be moted that the -

o dosaga we used (40 thg, #rdy] nd: opterin/kg.) wasfﬁm time the &osage theyutiliaed, ‘

Goldthwait and Bendjoh (36) have observed & greatly decreased incorporation of

.- formate into the nuoleic acids of intestines and liver of ratg After & single in-

jéction of eminopterin, In the rat, as in'the mouss, the pattern of indgrporation

- ‘of adenine into nuclete écids was changed (py.qminbpyéﬂ.n;_'fhéx, observed nf: change

. or an ‘@éreaae'd inéo'rﬁorationh 6!‘ a,denine' intoguanine, uhii_e 8 deo.i?eé'éad iﬁébﬁpﬁréﬁon '

T4t T
5

‘.. i1t adenine was generally not.ed. It;hould ‘e’ pointed out that the. 61@&.}3;},65‘11'1. :

3

S : specifie .-qai‘ﬁy?;ty‘ obaer\?ed:aifter;?ﬁrug'._adminiéﬁ?qtion are -t_xot"necggaa_arﬂy -correlated

o ,~:'iinte,s?i=in¢?;3'

o with increasodor de’creé;se'd.‘ra%tes'gf'nnelé'ic”acid Siéajrhfhééis;_ _‘Ai‘din&ptez""in;b&
. ‘Gepressiig-formate utilization, causés dn increased’ utilizetion of adenine eud, fn

'’ particular, sn increseed conversion o guanife, In sddition, inoreased specific .-

f S
- . RS

activities are<to be noted in the nuoleotide adenine of the htestines, If RNA

T ot

. specific jectivities are related to -the nicleotids apecifis astivity, ths data ve

L]

obtained ‘may actually h'a;?indicéféi@;t;g:deofeésed'xjucl.gic acid syn’;he'sis in the . S



s

gﬁmﬁnxf‘_

Poasible 1&b111ty of the pm'i;nra ring during or after 1neorporation inf/o S

Lo ’nﬁcleet{ides%or nucleic acids in ﬁice has been in‘veatigated with adenine-z-ﬁu .
':adenmenl; ,MM, and- adenina-s—cl"‘ No evldence was found for ex‘beneive rz.ng

hbuity, Radioaotiwre 002 ves obtained fram ‘each of the iaomerioall}' hbeled

‘ . B

L _adenma-c“ oompounds, mdicating oﬁwa on of t‘na purine ¥iag at positions other

'i'.

L. . PR o . . PR I !
e T oot , " X . - : - .. .
. - . . - . B A Lt et - - .
. P R ‘i‘ LT . N . N N . “ S e ST, - il

A marked dsotesss in the adenine/guanirie ratic with time has been uoted,:

ey

These date ars in agresment with the concept-that nuoleic acide are synthegized. ',

'

e

. there ig cénsiderable reutilisation of micleic ecid components, .

- .The pattern of utilization of exogenous sdenine is influenced by dosage and

‘ , by aminopterin and A-methopterdm,,

N

%}, from. components of the acid-soluble micleotide pool, "It is further suggested that '



Co _ The euthors are gz‘éat]_.'y indebted to Professor Melvin Calvin for advide
. and encouragement during this investigation, Aminopterin end A-me thopterin were ‘

) -:g‘.j,'fta ‘flsderle mmgﬁ:#a; The technical aséista'me '6f Mies Barbara Krueckel
a.nd Mrs Ruth Deans 1s gratefully ;'c\mi;wledéeé. or, B M, Tolbert and Mre|
o )vhrt.ba EKir_k ggnereusly :ma.de\ avéi'lab]'.e the Guoz/clész'a;mlyaer énd as-sis‘oe& -

: greatlyinmking t«he measuremsnts,

% ' S The work was done undgr ;the mspia_es of the U, S.;' Atomic Energy -

: Com@iasion‘,
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' Adenin9h2F014 and adenine~8-C14 were purchéaed_frqm Isotope Spacialtieg

. Company , Bu;bank, Califarnisa,

4

The evidence presented by Brown and ﬁcll (5) for,a decrease in the Ad/Gu
rat19 does pot appear to be cofreét inasmuob'éé both groups of rats were

gacrificed 24 hours after & series of three daily formate injections (28,29),.

The concept that mucleic aoids ere broken down to and resynthesized from

(RS .

nucleotides can explain the differential effects of A-methopterin on

formite~C% and P320&vincorporation disouseed by Williems et al, (37), and

4valso‘thg-aifferenti§i effécte-on fofﬁate ;nd adenine ingorpofatibnv(365;
Quithnut the.suggestign that portio#s of nucleic-écidé:aré-e#ghaﬁgeﬁ_;n
'%ﬁe absenée of synthgéié;

‘;A.preliminarf.accoﬁntléf this‘ﬁorﬁ haafbeen‘grgaedtéﬂ at thé.igtéinaiional

.conférepoe\on the Peggéfnl Uses of Atomic~Energy_(1955)s'

R T Y



% OF ADMINISTERED C'* IN RESPIRATORY CO,

9.0

~
(3]

o
o

»
(4

o
o]

) S i L ' L A

—
0 2 4 6 8 10 12 14 16 18

HOURS AFTER ADMINISTRATION

20

Figure I, ]

Torpete~C™ has tbeen divided by 20s .

"‘u .
Q1

“

14

- 0770, from G, aftel adwinistration of 1.2.rmg.

: Ry
. 1/
Adapa 0T,

CMhe cumulative exersiion.

,‘. L
£ :



_Specx.fic Activity oi‘ 5~Adenylic Ac;ud and BNAaAdem.ne and Guanine m Cg‘r Mice after Admiﬁi.stratior;

" of Adenihe- 274, Adenine-u 6-Ck* ana Adenlne-8-cl"' R ', B

Time after mgection' . S.pdenylic Acid  RWA-Adenime RKﬁ»Guanme L lriimakte Mo
(days) Compound ~ s.s. % Ad-h,6 8.8, %_Aﬁ-h;é c o sea % mf-h,ﬁ. ‘»_".',Adv/Gg | RSN
1 aAa-b,6-CE*  1bi0 890 . 112 ' BT T
: 23-8.¢1% 1350 96 - 755 - - 85 107 96. T T ey LT
Aa_z.c“ 3% 9% - 70 - &9 . . 300 Ly L 1.9 L T
8 . ha-h,6-ct 60 - B ‘ll"aé o 2.7 Tl
% pQ.8lcM4 . 38 63 b -6 5 15 . 6B LT e S ! :
t o _Ad—2-C“Q €6 10 6 - - 100 . C 264, a1 30 . T , :
15 Cha-h,6ckt . 18 B SR - & B R -
" ra-elcitt L 2 122 25 7 89 12 . 92 . LD T SR o
Ad-2-C*% 22 122 o2k 92 . o1, 85 EE N e
28 T pay ,6-C3% i 1 - . L2 e
' pd-e-c“ ; 5.7 121 6.7 16" . - ‘61 a2k 1.1 . : '
. . . e . . , : . ¢ - i E S A
o . = LNO - i
= T N , N N
. - Lerge Intestine - -7 - . U e g P
1 . Ad-h,6-CE* 1260 S 90 R 1: 5.3 ST
Ad-8 c“ ‘ 1390 7" 110 160 117 5N 102 6.2 -
Ad-2 -cif* - 1380 109 945 95 180 97 5.3
8 Ad-b,6-cR% 92 _ 8T 36 . 2.4
Ag-8-ct* 72 78 - 63, 18 .29 8 2.3
Ad-2-ct* 110 120 102 17 %8 105 2.7
15 Ad-k,6-CE% 20 33 ol : 1.0k
" Ad-8.c1t . — S — — '
Ad-2-C¢ 36 120 0 . 91 21 37 Tk |
28 Ad-h,é-cé“ 13 S
.:Ad-8-C1s SRV
I T o
1 Ad-4, 61:“4 205 \ 256 37 6.9
Ad-8-C 203 99 236 108 32 86 T4
Ad-2-c*4 . 1%k 9k 228 89 33 89 6.9
8 Ad-h4, 6122' 149 171 50 3.k
Ad-8.C 136 %1 160 Ol 49 98 3.3
Ag-2.c14 159 107 151 89 bl 88 3.k
15 Ad-k 6;012‘4 14k 158 L8 3,3
Ad-—8-Cl4 135 ol 148 93 5l 112 S 2.7
Ad-2.ct¢ 136 95 117 Th 38 79 3.1
28 Ad-4,6-c34 100 S0 Lo 2.2
Ad-B-c14 104 104 92 102 Lo 105 2.2
‘Liver
1 Ad-h,6-Cé4? 1270 bhs ’ - 61 7'.'3
A3-8-c14 1240 98 h00 9 51 8L 7.8
Ad-2-Cl4 1250 98 420 9l 45 Th 9.3
8 Ad-k 61214 230 485 » 138 3.5
A3-8-C 200 87 390 80 -~ 11k 83 s.ﬁ
Ad-2-c*# 162- 70 340 70 10k 75 3.3
15 Ad-k,6-cA% 77 ; 240 o 119 2.0
Ad-8-ci4 81 105 255 107 116 97 2.2
Ad-e-c?4 56 73 166 69 86 72 1.9
28 Ad-4,6-ch4 1k 37 3l 1.1
Ad-BLCi4 14 100 43 1311 %9 115 1.1
- Kidney
1 Ad-kL,6-c3* 865 480 ) 115 4,2
Ad-8-cl+ 985 114 505 109 117 102 L
Ag-2.ct% 935 108 370 17 103 % 5.6 N
8 Ad-h,6-CE% 195 585 215 1.8
AA-BLCHA 149 T 425 110 : 187 87 2.3
) g

*  Male Cgv mice abe L to 3-1/2 months, weight about 25 gmn., vere administered 1.2 mg. of
adenine-k,6-C3*%, or edenine-2-C*%, specific activity 1.8 x 1% dis. /ug. The specific
activities of the guasnine have been converted to the gamma equivalent of adenine. The
mice vere sacrificed at the indicated time after administration of the adenine.
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TABLE IIA .
Specific Activity of 5-AMP of Mice Injected with Adenine-2-C'4 or Adenine-u,é-c;*

Small Intestine Large Intestine Carcass Liver Y.L Kidoey

Time after . Adenine . ‘Adenine V..Adening . Adenine _Adenine Adenine Adenine- Adenine Adenine Adenine
InJecthm b,6-c% . 2.2 h,6.01% ,va.el4 1&6»014 2, -c’*' b, 6=cl4 ;;wg,' hfé c14 2-c*4 -
1 1295 © 1k95 11085 1180 270 . 220 " 690 850 830 925
. 1475 1355 1h95 1180 260 . 235 1095 - 1210 - 11k0 1095
- 118 1305 12%0 2k3- 270 111 9350 865 1035
Average 1518 1382 11%2 S 1197 258 .- -2hk2 967 . 1010 oks 101% :
Ad- 2-c14/Ad 4,6-C** 1.05 o 1.03 ' 0.94 coe 1.04 1.08
1536 A - Mook ATk 68 s s 1
' 25 19 45 35 . 155 119 52 (R ¢ SR ) .
- S 17 _2 37102 88 % 16 . 6. ._39. B
}Average . T 20 . 19 33 38 3% 127 59 .. 66 - 68 1T :
e e e ‘ g o . -
. Ad-2-€¥%/pd-4,6-c1* 0.95 ©o 15 - 0.95 1.15 y 1.13

* jale Csy mice, age 3-1/2 months, weight about 25 gm. were administered 12 mg. of adenine-4,6-C** or
' zdenine-2-C'*, specific activity 1.8 x 10% dis./ug. The specific activities of the guanine have been
converted to the gamms equivalent of adenine. Theynﬁé¥% sacrificed at one or fifteen days after

administration of the adenine. The RNA-kidney samples were lodgt.



EA o  TABLE IIB-
_ Specific Actlmty ofr "\B.A—Ademne and Guanihe of Mice Indected with Adenine-z‘-c“‘ or Adenme l} ,6-C3%
_Adenineah,sgc§4 . jAaenine-2-914 o Adenine;&,é-c§4_ Adenine~2-clé
o Adenine Guanine . Adenine  [uanine ‘ Aaeni’n‘e Guanine Adenine CUENINE ewaense
Time after Injection  s.a. . s.a. Ratio s.a. s.a. Ratio 8.4 s.a. Ratio s.a. g.8. Ratio
o o Smell Intestine |  Large Intestine
L.day 6% 1k 6.2 6&R 169 6.0 830 157 5.5 . 880 189 k.7
660 o 101 6.5 680 gh, 7.2 915 205 1.8 900 166 5.4
5. 86 6 &5 T 6. 62 123 5.1 830 1Ll 5.9
Aversge B S T R -~ 57T &7 B B2 50 B 1655° 5.3
’“*t14/Adlu 6-0 0 L.05, 0 1.00 _ - 1.07  1.02 . . ,
1v;a'rs' . St a 10 2.1 24 2 0 30 22 1,u‘ 32 22 1.5°
c 29, 14 2.1 ok i3 1.9 59 29 1.3. 27 18 1.5
- S 2815 1.8 23 12 2.0 22 8. 1.3 0 31 20 1.6
Average . . : 25,0 13.0 - 2.6 23,7 12,3 1.6 20.% 23.0 1.3 30.0 20.0 1.5
- Ad-2- 614/Ad b 6-02 0.9 095 S ©0.99 c.88 ' :
- @arcass ‘ ) } ' Liver _
1dsy 2% . 38 6.1 195 W k8 255 39 6.5 310 " 39 8.0
225 47 4.8 205 . 39 5.3 350 61 5.7 K15 5 6.4
- _ 220 - I3 5.1 . 200 . 40 5.0 375 59 6.4 370 - k2 8.8
Average - 25 . The7. 5.3 200 0.0 5.0 327 55,0 6.2 365 5.7 7.5
AGf2fC 4 /aa-k,6-c3* 0.82 0.9 | 1.11 0.92 | |
15 days T e ¥ %2 - 160 s8 2.8 154 93 L7 10 - 8k 1.7
' T ke - B2 2.7 . 124 ks 28 a13h 88 1.7 - 182 S ] 2.0
: .06 b4 2.4 109 Y 2.3 10 6 2.2 191 .96 2.0
Average . 131 © 47,3 2.8 13k 0.6 2.6 159 . 83,7 L.% 172 903 1.9
Ad$2icl*/Ath 6/cit 1.00 .06 : . 1.08 ° 1.0%
* ' See footuote to Tsble ITA SR 't



TABLE IIC
R Spemfic Actlvity of DM'; Ademne cnd*Guumna of MLce G-i' gﬂee InJec ued vi‘x‘h Adenmp 2- Cl"' or
R ' R ' Aaenzne H, 6= Cz ‘ . S

v

"“Aﬁgniéélé,éﬁcgf R | Adenine-2-g*4 Adeuins;&“éaclif; 7 Adenine: 2-c14

L E T g e Adenine - Guenipe . . '-,,.’Ad'en_ine . Guanine - o Adenine_Guanlne o Ad‘enine _Guan:ine L
.Time after Injection - s.a. '~ s.a¢ .. Ratio .~ .s;a. . siai Ratio B.a.7 s.a: “‘“‘:\‘Ratio s.a8. . s.e. = Ratio

oA o © Smald Intestme 3 o Isrge inteét'ihe
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TABI:E IIC (continued)
.Adenine.h, 663 | . Adenine z‘-C""“ -
: lA‘,ienine Guanine o Adenlne Guanlne ) S
Time after Injection ‘ $.8. . .S.a.  Ratio ‘. s.a. ° s.a. 2 Rabo-
1 day’ T h.2 2.6 ~ 8.2- 3.0 2.7 .
13 3.6 0 FTE™ 11 - ’g 3,7
.8.3 Boi o0 5.0 . 8.4 3.k 2.4
_-A\fergge 6.8 . - Yo 2.7, L g.2 3.1 0.7 .2.9 .
Ad-2- Cl“‘/}d b, 6- c“_ . -@.85 0.78 - S )
.15 days - - 26 15 1.7, 22 7.3 3.0
, T S T e . e . 7.0 2.3
: 17 ‘£:6 2.3 . 17 : g‘."% 1.8
Averdge o 21.5 . 11.2 1.9 17.7 7.8 2.3
Ad- 2-0“/9@ 4, 6-c o 0.82 0.69 R
*  See footnote to Table TIA. |



TABLE III

Effect of Dosage ypon Incorporatlon of. Adenlne-h 6—C 4 into Bucleotides and'Nucleic«Acids-of‘Csf*Male Mice

. , % of Control L % of Control A _
| . Amount of - 5-Adenylic Acid ENA Adenine TRNA Guanine  Ad/Gu “DRA Adenlne DHA Gusnine Ad/Gu
" Tissue - Adenlne-h 6-C3% ' S 'Ratio R Ratio .
Smell In- - 1.2 mg. T e Y. 7.9 O R 5.5
testine N . ‘ : SR T o : B — :
0.12 mg. : - 8.5 . S T K - Too2:8 B R W
Large In- 1.2 mg. . . S o 59 e ' 316‘8
testine A . . . : . : S . .
0.12 mg 17 - iz 2.7 13 1 . 3.2 2%
Liver - . 1.2 ug. . B R N T
) 0.12 mg 8 17 7e5 20 - —— -
Carcass 1.2 mg. | : . . 8.4 'ﬂﬁfg
0.12 mg 13 11 6.0 13 2.6 <2 >8
Kidney - 1.2 mg. - 32 s 8.3
0.12 ng. 21 28 16 6.0 22 .25 >7
R ¥ 1.2 mg. or-0.12 mg. of edenine-, 6- Cé*was sdministered by intraperitoneal 1ndect10n to two

male Cgy nice. They were »acrifxced 24 hours later. To cealculate approximate spec1f1c acti~
vities, refer to the 2i-hour edenine-4 ,6-C3% date in Table Ia A,B and c.
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