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· ·· · . · Ber.kle~T, Calit~) . · ~ ."; , .. - .. 
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~veral ~ontr~1otat7 ,eporta' (];..3) co~~-~---~· posaibls 'ltlbUity or . -. ~ . . \ . . . . . 
· the·_ edflDtne rini, 1il J:DBlltlah· prompt ua to· ~port, tbe r~a~ta ·• ba-.e .obtoined ·in 

'· . , • : m1ae ~~ :tbre." oarbon-~labeW adoMDte1 ad6nin.-~i4 ~ ado~~~, · 

' 
' . •. ~ .... < . 

. . _;• · .. ' . .;;.. -~·, ;;.,.1;..·.:...; __ -6Jf14 . . . ". ' ~ :• . 
"".;,· ~ ~ t::LU-0~~ .... ·... . • • ... ,_. 
• ' ~ .... •• • c -r' ,. '# ,.t # • • • ,.. • - .. } • - ·... • ,.. • ., '• 

' • .. • .... "" - ·_ • ~~· t • i... . . '1. ~ 
., .• '~ ' . .'I ' '' ., ' . • ' . • ' ' • ' 

.. :· ": .. :. Gordor~: first s~sted that complex path$. may _be involved in tlie inCorporation 
- ·~"'· 

.... . . 
; ... ' -..,,I 

~- ' 

' . -1'- .. 
·~- _ ... , -' ·-c . 

. ' .. 

. ' . 

. ' ·.· 

.... I~ ~ • • • • ' • ,. • • • • ~ & t • • • . . . '· ·-~ J. ~: ... 

: ·. _o,t exo~noua ·puio~, <»" 1~ the' b~olog~al !Stitr~cnve~sio~s of ~~ l)urioes. ~ ·. 
• :1 . . • ' • ~ .~, < I' ' . • - ... 

'• "1- .• . t• . 

. utll,{J~f!tion -of:a~nine may .appear $o ~fer 8.0COJ'cU~: 't;c? :tM pc;eition ot the 
•, 

' ' ' 
. ' 

·. 

•. _.,-.,)o• .• t 

,isotopic label (4) (1. Subllilquen\li' Qordon reported J'eaUlt• euPPo:r~tng this 8U4Jg&!lt~ 
\ . . ' . ~-~. / "'.-. . . .-:: ...... · ·. : .:.,.: .. · ·: ... _: '' . .· ' ' ' 

·trom. !~ding e~imfJnts '~ ... ~t~ -~ vbiah the ~-ta~li~ .~t ede~~ .'·waa~ . 
~ 6 •• , . . 

~.- .· '.·· ·, i '.· : . . . ·.' . .'.-~- • .. _. ', ·. ·'<-··. \ .. ··.". ' ~ . 
. : c~d with Vii~s reported ln. ~be. sllterat~e tv_ •&~1,3-N · (1)~ - Abramo 

• • • '.: ... .. • - '40 - • 

I • • ' 

-bas -~~t~:.o~-~ w:~~tion ot. ~~i-cl3 and aderane .. ~l4 in~. 
I • " : ' .;. • • I I o f I J' \ -, .,. ~~~ ' , " 

tba ri~uclsio ~ids of'~'\ llvM- (2) dur~ ~ tipJe intervals0 No significant 
... .. 

•· cbB.nge in 'the Jaqtop8 rat-io. fro,n ·that, of ·the admbta~4 o6InpolU1d ~s t'ound4 

.. 

. ' 
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' 
~·· •. ' . . . . . ·. . . . ~ .. · ~ ·> ' . 

..•. .. •.. .. ·. f~ t:e:tJP!!etioh .data: pr'eoor .. ted QI'tl.It~ avera~\)f:~.;'to· .3 ~iviciua.l exper-~tlJ~: 
'.' , ... '.'' :.·~· ' ·. ,· • • , •' . : '. ,,·:. ''I'·:,..,~·.:-' •,· ~·. · .. : · .. ', ':~:~:f ,. :·.•.• ,·_-_:. ' 1',. ' , , •• 

•• • I·' . t . • • • . • ' • ·_ • • • • • • • . I·' I . • '{ ' - _·' ~- • ~- ... • • • • • • :· ·' ~ 
·~- In thb.tirst'~~rfment,, mice' wre·,sacrif'ieed·'at·'l, .s,.·l5 and~:2~fdays 

. . . . . ,. ·, 

..... 
.. . -~ 

.·-· 
,,-•· -· . · . (•'·• · . · •r:•., ,., ; .. • i ', · · 1 •• • • ' ' • • 

attar·.~,~t.tr·a.tlbn. 'of ·~\d!i~;:.:;~.:.fin · t~, ·~~b~cf'·e~1)erii$nt, ~· w~dh the·· mete.~o1iS1ll 
, • ' • ,• • ' I • ' ~ , • '. • , • , • 

. --~ . . '" . ' . 

. . ·~ ~f-'Ati .... ~l4 :a.nd Ad-4 ,6-c14. wall more. ~r~tioa)ly·. q~~ed; 3 pairs. Gf ··ut~r.~~p ~· .... 
. ' . ' . ~-F. " . .... . ~ 

. . "1. t 

·.t,:.·' ··-

· . .:-. 

; ' . . . . ' . . 

.. t~··e~fect.qf folio-.ao.id ~bitoz.st amindptet1n .(40 l.Dg~/xg~) ar A~~t~j)~tin. 
·.·, •..• _: .•• __ .J. 

f. . ~ 

· .·:: ... · .... : · .. ':·;: ·(i~ 'ltlg.4/kgoi} (!4Dderle:)·.~~~ ailln.i:nl.stered 30 miliute~ .pz-191' to the adenine~· ·The 
. ': .. : · ... :: ...... . . . . .......... ..:.· '•/~··. ·~-~·.:..:. ·.· ; . . . ··.:-' . : .·'--.~ .: . . ; ...... ~- .. 
. . ... . . ~ . . . . 

•' -~~- ..... ; : ,; ". - ' . ' - . . ", . ' . . . . .· :.::.; ..,. ,• ; . 

· · , ... · .. =·a.n~l.s ·,ver.e .. aaorU~d 24 hours 1U~r 0 The ·tmimals were sacrificed· :.u:id· t.h,e· 'ti~sues 
',1.·.. • . '. . . ' . . ... :. •. '• ' . . . . .• . . . _,!/, 

-~'J.' . ·\·.: .. '' './. 

· .> :: .:\t#Eil'e eepa:rateli _f're.oti~te~ as pr@~i~ua1y described (10 t 11) ~ 
. 7- •.• . . ' 

......... · .. 
:_ '"':· '.• 

.. "•_t~ .· ,/'· ... . . ''· .;,._.·• _·; 

· ·-n~el~<>tide. fi•act:L~ ·. ($-~MP') , JUU-Ad. , , ~d. :D~~Ad . were ~~rllli.ned by differantial 
' ' 

~:· :.· . 
...... 

- , .. : - . 
'" 

. ' 
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Di.rec~lating techniques were used to determine the radioactivity ill 

~he isolated fractions (10) 0 · Ra.dioa.ctivitt measurements ware made with a 

· ... 

. . ·. '} ·.. 2 . . 
with platinUm dishes of approx~te.J.y 3o 7 cm.o are&0 Counting et'fic~noy· vas 

. . I 

approximately 53 per cent; background wazs equivalent .to.45 dise/min., 

W'ith low activity were r.ot:J.t~el.y counted for duplica:~ :periOds of 30 to 60 miuutes, 

and reliable cleterminatiolls of a~tivit;;r could be made ori sample~ that ·c.ounted as 

little aa 25 per cent abOVe backgrourid9 . 

. RESUI.:l'S AND D.!s::USSION 
. ~ : . 

.Previous studies of adenine inco~oration in this laboratory have 

.. ~ 

used. hy _oth.Gr workers (5) • Our present lal.ovledge of the bioeyntbasis of ~he 

purine ring results chiefly from the r•se~oh by Buchanan. and co-Workers (15-18) 

and .Greenberg and CG>-Workers (19-21)'~ who have shown t.hS.t formate is the precursor 
j. . 

.•. ' .. 
considered that these poaiticne might be lab:ile ,bef'pre the aeklnine hud bean ineorporate<l 

14 . 
irito JJUc-leotides or nucleic acids, 'in .Jhieh 'case. the . C o2 respiration curves from 

~( ; : 

. }' ; 
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~ u . . . . . . 
Ad-2...C or Ad-8-0 shoul~ indicate a relatively high 1nitia.l·rate of oxid.ation 

to,!l~2 1s1milor to. ~bat obtained with sedi..,. formate. 

. ·· .. T~ c14o2 reepira-ti~~ data ·~})tainsd after ~iattat~on ·or ~ferently 

·1s.~·~d adenines and of formate~14 ~- shown in. tig~ _10 c14o2 was obtained from 

. ~._co2 from Ad.-,8-Cl4 ted to rats, but the A~s-Ql4 'that they_ fed 4ad an activity 

W" . 

of' 3,4 x 1d+ .ot.-.,/mi...'l~/~ compar~d vith the 2~3 x io6 diii/min~/1-LM~ for .the 

.· . . 
14 . .' . . . . 

.. A~-8-C ve utilized, so thut the small ox!da:t.i~n w observed may not have been 

primarily from tbe 0-6 carbon vhen atientne is converte-d to allantoin~> Thus, 

' -

. . the 10 per cent co
2 

obtained in 22 hours from Ad-4 ,6-C14 represents 20 per cent . 
. . . . ~ . 

oxidation of the purine ring to allantoin~ The irtetabolic steps involved in the 

' l4 14 14 . 14 . 
formation of C o2 from Ad-2...0 _ -or Ad-S..C are not lmowno The C o

2 
respiratory 

pat_terns obtained from Ad-2-014 and Ad-84:14· do not 1n any way resemble that 

. ' . . l4 . . .. 
obt~1ned vith fO!'mate~ . , ed ·.thus a rapid exchange of the C-2 or C-8 position of 

'· 

tree adenine with "formate" of. the biological system is not indicated. The rate 

. ' . u . u 
patterns of C o2 excretion of ~ isomerically labe~d adenines differ J Ad .. ~ 

and Ad-8-014 are initially oxidized relatively slovl.y. Sinoe the moat rapid. 

·excretion of cUo2 occurs from 2 to 6 hours a.f'ter adminlatration of the Ad-Cl4, 

.. ·· 
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. r)>·:·-: 

·!. 
,., ... 

. ~· ... 
' I '• 

- . ' 
',1 ', __ . 

~·~ ' .: :~i-~:-_:' ~ 
~ 

.... 
. ' 

···<· .... ' - .. . - 14. ·. . ., . . . ., . 
··.a __ t~ ~he~ free Ad..O is ~sen:t in o_nly trace q~titie_s (12), the oxide.tion · .. • 

. ':":.1'''. 

: .. ~:·- ~st be tbro~h- se.oo~ PrOdUC~~ or· -ada~ me:t;~b~li~o ·. ID.. ~, ~tber 
. . . ~ ~ ~· - . ' ~ ·; -~ .. 

·. . . . . 
• '. • • <"::.. .·· . - . . . ' . . .. : .· :·: ·_,.- - ,.'·. .. . . . . . ._. . :. . 15 

oxidatio~ of·.\U"1-C acid has been show by-. recovery experitnents using urtic · ao1d~N · (22) 
~ ' . . ~ . "' . . .. . , . 

. · .. 

·,.. .,.. t;• 

'·: ·,.' : _;~ • • • • J . • '~ . • ~-·.., •. . • . . • • :. '. 

··: '··· . 

• I ( 

.· ... · {·. 

' - . . ' -~- .. ,. 

':v.' 

: ( : • .. :·: ·• ->;-· 
•, 

-:· .. 

, .. ··-.·. ·--· .. 
' . 

t·l. 
·;..... . . . 
,'' · ..... 

.. ~ · ..... 
: •. "'J' 

. .... . ·: .. _· . 

~.~ 

•.. •.' , ... 

' 

._ .. ·.· 

· :.·and. more dlreetl;: ~sing uric -~o~~~~-C14· (2~); -~-~ t~t ~ine r~· orl~~tio~. at · 

... -. 

..\. -

· .. :.J ... '!'{so ~.spec1f'j:c-aoti1~1ty .<n.u-v~s ob~d- from. Ad-c14 are anGmalous in that_ 

-~~ c·¥~2 ~~ei£ic· -~cti~ity doe~. ~~t-·exW:bi~ a· ~orm ae·cii-00 fro~ e.n early · 
. J .... : _r ~ _. . . . 

.. ~ -. . . :-; . "'- ... 
: ~- shown _by .maS-\Y·compoUnds (1•e·~_.-··gJ:ycine; ·fo~~te-,. ·gkoo~); inet.EJad periOds. 

. ~ . ' . . . . . . . ' - ~ 

. _, . \ ';. . '~ . 

. oi increaaed specific aotiy1 ti ,eJ~. :~tte~. 9h~d 10 .to' ·2o hO~s. af'te~ ·adeniite'. is .. 
. ~ . :~·. ' . .. ;. . . : . .- . .. . .. .- . : . . . . . . \ . . . . . .-" 

. . -

associated ..tith fo?4 intake. or with oyolloal phases ~f cell div~sio~~ · .. 

·In addition to. det.ermi~ -_dUferences in t~ c14o2 r~_spiration- -~~ves ·. 
. . 

· ._ :~ter- admin1str~tion of the j,-~o~ric~Uy- labeled adenine~, • _ inVt:tstigatec1·poss.ible 
. . '.' . 

. :.-· .... 

~fe;r:enoes in incorporation into rt~c.lec>tides arid n\lelei-C acids during various ·· ,_ 
.:'~. . . . . . .· - . . :· .. {.. ' :· ... ·'· . ) . . . 

tibte :!Lrvah af~r inJe~t~~~4-·;_-'B~~~aruuf~$~ulma# hav~(4etnon·a~a~d_ in p~on 
. -· . . . 

. ' 

. . .. ~ 



'J, 
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.. 
' . icid (24, 2S) o . We have previously shoWn that adenine is ext&nshel;r and rapidly 

incorporated iiitO adenylic acid nucleotide a and more slowly. into guanylic acid 

., ,•· .nucleot1des (10..12) 0 After 3 days' t~· apecU'ic activity of the adenine nuoleo-

....... · .... 

;..···, 

' ~ 

. ·, 

-~·~peci:fic activity' of the corresponding RNA, ~d 1t vas s\ig~·ated that the renewal 
• 1 j • 

. . 

of RNA due to bre~Wn .and resynthe§Jis from nucleotide a of t~ ·cell is· more 

rapid ~·!ndtcated by tba clisappearsna& ~r r~dioactiyit7• from RIIA. · Tbareron, 

if the .postulated exohaou;e of tbe c-2 or c-8 .position of the purine ring om:urs 
. ~ ·. . 

.in .moe, animals inJected with Ad-~14 and (<Jr) .Ad-S..Cl4 should .b.avec less, ifii~tope 

incorporated into nucle()tides and (or) ·nucleic e.Oids than animals administered 

·~d-4 ,6-cl4. • This dif'fe-rence sh~uld .exist. at 24 hours 11' the exchange ooours 

primarily vith free purines, and should beCOIIlEt ·.larger with time 1f the· exchange 

occurs at the nuc.\eotide or nucleic e.oid ieve.l0 .· If the reaction 

inosinic a.cid ___ _.,.. 4-a.mino-5-Wdazole ·carboxamide ribotide +"formate" 

··is the principal reaction responsib~ t9r ring lability (17') ·~ arid it lnosin1c 

. . 

acid is an intermediate in the conversion· of, adenylic acid tO guaeylic acid, it 
, .. 

will decrease more rapidly :t;.han ei~r ~jeot:iop of Ad~ ,6-014" This effect might be 

larger in tissues that have mQJ'e ·rapid nuclsic acid renewal, such as the amall 



.' . 
. f 

. .,~ . 

and large intestine~0 
·.,' . 

"'"'· . 

·'- ..... , 
In our experiments' t'he specU1c aettyity .()f t~. ~~lubl,e. nuclsot~ ; : 

. '· ' '. .•.· . ' . . . . . 
·:· 

·:·. ~---.:::-"' 
' . - ~-- ·-: ... 
. ' : 

... '"~ ' . .. .'~- . 

:' 
r: i.~ ·: , ·-
.,,_.l . 
. . i : 

: ~-· _ .. 
firs~ eX})eriment was designed to ~·tEit'toim;:-.ifii:~ny·~~sls ·dlf'fe~n~es ex~s.ted · 1n· the 
• • • • • • "' ••• 1• • • . • • • • 

... ........ . . . 
~-:'· .... · 
.. ! . 

. - ' 

.... ,-·.· 
" -·~ • ... ~ ~ •. ~-- .... ., i' 't·' . . ' 

::. :~ttu~d tor foUr .tinie 'ihte~ls .~:···to··~· ~s~ ';~h$ .. ~9e~'ific acti~~t.i.ea of .t.he 
. ~ .· . 

•' ' 

.5-AW, RIIA-Ad, ...,d i!NA-Gu ~- ~otiri. ~ 'lab~ t-J( ... ~ ~ apecU1c o.ctiVities o£ ~ 
... 

·•r·· . ~.. - .- -·. ,_· . 

. . ·" · ·, DNA-Ad and DNA-Gu ·ere presented in Tabll, ·I-B6 : :~~ perC.&ri:~fLot the oontrol · 
. t\. . • . . •• : • ·, •. •. ·• :·... .. :- . ~-) . . . . . ' . 

. :. · ·· ~ (A~4,&-c14) specit1c activ~i;y £or e~eh t1~·~£·:.~~ot.io: ·~s also ~~iculated • 
. .. '·'·. • .... .- -- ·. . -. ' . -.;·-: ·. ' . : ' . :.:· .. . . . . . . ·• ·.. . 

-· 
'I 

. •.' 

~- . -~ . .. ' 

.. ·> ·: .·; 
; • ~ •• • "':. •• • ~-~: .. .f 

No ~ge consistent.'dif~erenoea · ~\.th£h'aj,ecific. activities of ·the nucleot1des 
... : . :.· .. : .. ·/.. <. :· .. · .. 

' • .1" I ' ~_t·· • • .· .. '··· •• ··, ,· ·, ::·. • ·~·:· ~ .. ~ .• ~.,. • ~ ~ • ,• 

or nucleic acids ver.e found hl'ter aOministl'ation -.of the· ·1aotAericallp.:label.ed adenines" 
•• • • ' • ,; • • p • • . ' . . ·- .. 

··:. .·.,·. ·"'· ·_, 

in oru;·nine .~ompart~ons,· ~ut .. ~r 82· va~·- tbe: ratt~ ,.(d-a-014;!~ ,~l4 ·.1e:es t~~ oQa, 
. . . . . . . ~ 

. '. ',: 

.. and these dEirviations. apl)eared to be random mid not'assooiS:te~ with a Particulli'· 
. ~· ·. . . . 

··. Us~u.e .•. No de~rea.se of this 'rati~ ,.,1th);~ vas obee:r'Ved: Ho~Ve~' in- more' t~n 
. . : . . . . . . . . . . -~- ' 

·_;_· :. 
. . ·. ' ~ 

le~s ·than 0~8; 'this vas particule.riy;: true fOr: ltV:er. ~ kidiley ftN.A t ~and· carcass DNA'Il . 

·.· 
• • • •· •. :. .. • <! • • 

· -It eh~ld be bor~ in mind that thi:s·,~ti:St expe~ime·nt wa~ ,.a pilot e%perinl!9nt·witb 
·:- . . ·. .. . . ·. ' 

-~ ' 'i. ' . 

single anlnlals to dete~ndne: 1{ ~,:large :~Hri~~~ces ~xisted·~ t~··mo~~~· .... such as. th~se 
. I ' '. 

• -~· ' •• 1 •• ..:. 



. ·, 

• ,-'. .. .t -: _.;:·~:·~: '. ~ 
.'·.·:·. ,:: .. ,. . ': 

... .. ,. : ... 
. •, ... _:; . 

-~~~~~.c1 . .for tbe-.rat by QGt4on ·(.iJ}'vh~ rep(.r~ &:tti ·af~r feeding,~·xperwiiie · 
:.: ' :~~--.: .·.. . • ..· ( . 'i. _::: . • ' :.. •,. . ' . • . • ·.. 1 

.. '' \ 

·: -·- c14
o2 an4 t~_-incorpo~e.~ion oi·~ is¥~~~~:;tabe~~--M8~~- in~ .nuo~Udes 

• -r • f . ... . . ,. 
... . : ' . : . . . '. . ; . . .... . . .•;··... . . . . 

.. --~'-: .· -~;_. ;,.·,and~ nu.oleio :.acids~ it vas apparent ~hat any.:r~_lablliti ~d· consecauent ctit-rerences 
. . . - -· . . . . :. . ,. . ' . . . . ....... -~ . . 

' . . . ~~ ... ~- . 
. . ' .. ~ 

<'fn-:·:the ~tabolisn!. ot ~nine.·would ,be. ;ema.~~~ . Aciaordihg-J.T.:; -~ ~cond e~riment -~· , · __ . 

.. . ". 
· uae; using.6 pairs or. iittermates, 1n w~oh·~--~-ta.bolism ~£ :id-2-c.Y. tin~ 

. ' \ .. •' ... 
. . . . 

'· 
.·' 

·.. '. : _., ~d-4 ,6-0!4:: ... e more oritioally. ~ompaN'd~. Tbree · pair.s of animals were se.crU_i:oe~·· ·a.t 
. ' ./, ,· ... 

'': .·, ·. 24 ho~s .t,p_ obtain ear.ly_ differe~oes in incorporation 'and 3 ps.hla ~e~ eaorUiced at . . - _· -., . --~· f.. . .· .. •-- ...... _. ·_ ... · . . . . . . .... . . . . . ·.. ,· ·. ·.-·.•. 

• ~- .. • • 1 •• 

·, . . ,,: 
·. t ,• ';.~~. 

... 

.. : .... 
.• t • 

. ' ... 

. . . 
-~··· .. 

:; ~· .· 

.. . 

\, ., 

.... \, .... _ 

. : 't .. 
' .. 

15. 'days to' dete~ if ~ c~. ~-.the:· Ad-2-<:14/ A4-4 ,o-,e14 ratio ~s. apptiri)~>:t~ 
' • • • . : -? · .... ·~~;;: ... '. ~. • • 

,. -·~·,·< . 

. ~ re.eults are· presented in Tables· n-A't .,.B· and ..C for .tbS ·incorporation ib..to 
' . . ~- . . . . 

·-..; .. ~ .. ' 

nucleoti~ _adenine • into RNA-Ad. aitd. ~A"'!'(lu; _atid iflto nn .. Ad ~ DNA-au, .reapeatively.v 
. . . . -~ . . . . .. ·-. . ~ 

., " ~· 

. :~he A11-2~14/,Ad-4-,6-CU· r.atio ~~·the aw;age. spe~1fic_·~~-t1~i_ty;~b~~ ·.io;· each · 
..... : -.. 

in the average ratio was observed l1e~p:·1. and 15 days~ It is therefore. oon~J:uded: 
··~-. ' . -

that the· 0-2 position of the purine ring is not labile relative to the C-4,6 ·pc,s~tions, 

_I' .:• 

· ~ end products wl::lich are excreted 6 · · Thus our resul'te confirm and extend .those obtained 
. '; ·."' . . ... 

'. t-' 



> •• 

-by Abram$ for rat llver RNA and_ bt M!&rrian for:rat visceral nuo~io acids~ Our 
~ . . ... 

.·results d.o· not confirm those obtained by Gordon for· the nuole·io acids of the pooled 

vis~ral organs or· the rat 0 l:t should be pointed out that he ·administered the 

. ·._:.adenine by feed.ing~ However , a more important Un.con1;r()lled variable is believed to 

·. -. ~. that '*he comparison vas made. be~en data obt.a~d by clifferent workers in 
I· 

••• ""-.#-.., '. ' 

. · ·d~ferent laboratorieso 

.: ~ . : ·:· . . 

The Ad/Gu ratios have_ been compared for RNA 'arid DNA fractions of ·the various 

tissues a-t several t~s after administration of the. ade:nineo > In all 08.'898, the 
), .. 

. . 

·ratios showed a_ large deore_a~ vit~ time, i 0 e 0 ~ trom 7 to 8 at l day to 1~>1 to.-10 2 

at· 28 days ±'or ·t~.d:l ~A of livsr and ·small intesiinese _This ratio .was similar for a 

. given tL~. interval and ~issue fra~,.t;ion af'u;,r injection ·of Ad-2...014 , Ad-4 ~6o:cl4 • . . ' . 

. . ~ .... 14 ·or Ad-~ . . ~ This constitutes additional evi.denoe that the purine ring is not 

bas· been obserVed pi-eviously in the RNA· of regenerating· rat liver injeotred vitll 

.Ad•;.s (17) and in oytoplasmic RNA and nucle~ 'RNA and DNA' of mouse li-ver at periods 

up to 24 h!ID'a after ~ootion of adenine (27), : A similar ds~rease in the Ad/Gu 

ratio was ·observed for some but not for· all. tractions of rat RNA and DNA saorti'ioed 

1 and 3 dare after formate injection (23)4:1 
2 

Sviok il al. (30) have alSo ·presented 
' . 

evidence that tba conversion of adeniile to guanine in rat liver RNA is 'liiore t'apid 



•• -~ !c • ' ••• 

.·: :;.;u;· • -· 
. ·. 

• ; ,f:. ~-

~· . . . .. thari ·the rnerse ree.oticm~ 
. . 

· ... ·,' .·:.; 

"·. '~· . ~ several prseeoses Ci~ be. ·~~~~d··~ot:.,~~ de~~ ·in Ad/Gu ratio. ~t~ 
'· . .'' . <> , . ~..-..<·~-~ . : ... 

· tttne-~ (a) adenine ;,my ·be cOl).vf.!tted -~ -g~anlne 'tb· tne.inta~t ·nuelei9 eoidL (b). ~ne 
. '. .: ·. ~ .. · :.' ' ~ . . . . . . . 

. . ~ . . ··. .:. . ~ .. -· ~; ·.· ·. 

· ·· poql · :(11) , and this, combined .wit~ :.re'rie'vat· of: ;.ll~cle io ao~~ from this pool , lead$ t?. 
• • ~ c • • • • • • - • ~ 

. . -. . .... .. . '· : ~ ~ :r: . . ·. . . . . ·.. . _. . 

a.deQ~ase in the Atl/Gu. ratio~· ·sincfl. tire ~~~ ;aoi«s .~··pi'obabl.y synthesized; 
. . . . . ... . . ~ . "~- . . . 

~ .. i .' J'· . : .:..' ' ' . . '. 
at leaat in part, frQDt oompoue~ts ot the· aoid-solubl~· .nucleotide pool which are 

.. '. . .. · ... 
\ 

·· ·:· ~iadio~otiv~, 'tbtt' reneva.l or ~~o~~---~c~~~-~~---~~- r~pW: than estimate·a:·by disappear~noe 
. '·"' ~~,. ~. ::• .·,...... : ~ . . -~ 

I,,· 

. . ~· 

: ''· ... ;' ~ : 't 

~ . .. ~ ~ . 
-"· ... 

) ' .. 
. ,• 

' 0 , .. T 

,.' • .t ~- .• .. 

of radioactivity ·trom the nuc~io ·a<i~ds (lO, k> ~ It is to be noted that the 
. . . ' . { . ... · . ·. t . 

' .-: 

' ..... -~·~. . . .. . .. . .. . . .. . , .... ·• tt~-~.J.~ ~ . :~,,~ ···!. . ·... . . • f', : • :~ "'• •' :· •• 

·,Adjau·ra.tio decre~aea iltore rapidly ·tn R.lfA t~ .. _1t.'-4oe~;J .1ti DNA;,. v);U.cb ie ·consistent 
.. . 

~. .. ' 

with the· concept. tblit RNA is ·in ~la\t.iy r~pid equ._ili)>rium vith t,~ SGluble-nuoleotida 
• : • ;,J • • • - • • ~ • 

.· . . .. · .. ·~ .. ·:;' ... 

. poGl, while .DliA synthesis is fi$_0()eiated'td.:th cell. reneval. Saggestiohs similar to 

·,(6) and (o) were ~de .by' pend~~·li:i !.l • ."·{.~a) ~- .exp~~ the ~-q~l rete.nt1on o·f 
. . . ' ~· 

· ........ ·. ~ :'-; -~ i 

.. formate in·Dta·.aud R1(A Qf Nits..~· ,o. ,us,. t;tie hat -.chu:¢.sm (d) appe~,~ to be more 
._ ;. . ' . ' 

·.J ':• 

~Ol'J.'-1stent:~ith kn~ ':pr~ceese·ri~; .;t :1.:, turtbft.:t.o 'De .noted that in no .case after 
. . -.· . ' . '' . ..._,, ._ . . '· . . . ' 

. ' 

~n,ine a.clmin1strat1on did ~ .A.d/~ ;r;e:'tio beoo• 1e:es·.~ban unity as. migbt be expected 
' . ,··, 

. ...1_ .... . .~ 
:< 

1~ .EJ.nY' ot _the first.·three macban~ •re~ operative 'B:t. a sigillicant rate., ~ 
. ·. :· .-

':•. 

I'.-' 
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'·' 
:·. ': .. ~"· 0:· 7 : . hi .. n~o~lo aei4s ar~ not~ .in .agre(.lii'Wmt with th.e suggestion ·~y Balis. n· ~ (.31) that . . 
; !, ~ "' .... : '. . • . • 

. ~ . .-. . ; ' . . . . . . :· . . - - . 

·. 

oonversion ot adenine to guanine must ooour ,within 24 hours· after Weotion~ 
~-:' ~ ·-. . . . .•. . 

·, f' '·_, 

' ~· . 

• . 

. A prel~ary invastiga.ti~n· ha~ ~~~ made of the e~fect. o£. d.~~age ·up~n 
. . ' . ~ . . . . ' . 

·,.'·the incorparati~ of adenine 1Jito ·nucleotides and nucle~c acids~·· The re.$ulte 

-·. 
' . . ; -~ .. 

I .. 

. . · 
.-. •. '. 

~ ~. . . · ... _·,:· ·, . '· . . 
>.' · ·· : ::>.· <.indica~~ t~t the' iJ:lc~rP,O:ration .. ~as pr.o~rtional to the dosage, . The liver and 

~' ' • . ' I ' ~· ' •' ~ ' . • 

,. 

:"' .. 
. .. 

li . . ... , . . . ' . 

'r~~~7 inoor~ated sigt:ti!ieant)J' ·l.erge~ a.t!lQunts: o£ adenl:ne, an<l. ~ in~e.t~e 
' 'hi, ,'t •. I : -":' ' • • 

. ):r. , 

.· _ ...... · .. '· . .: .· . . .· . . ..,.·._:· . .., . ' . . .· . 

· · .· . ~llg}lt:cy less Ad«line , int,o RNA-Ad. t~ · eltpeoted on a. pr9portiona1 l)f:usls~ This 
.... • • : v 

. . . ~ 

. ' 

·. ··~t(~t probal;t]¥ explains the revers~ ot the relative incorporation in~ liver and 
: • '.: • : ' • ~- • • • • • • ~ • • • • ~ > 

. ' ' 

. ,• 
,/_. . ; 
........ · . 

~e aa.nine ~s incorporated into intestirtal tmA than in:~ liver Rl~A, where~.$ at low 
.. , 

, i. " : 

.'1'1., 

. . ~ '· 

. 4os~g&$ thEi converse is true~ The· strikingly decreased incorporation intQ (Sercliss 
: . •, ... ' . .~- . . . . . . . . : ... ~ . ' . . . . 

. . . . ' · .DNA, (bO~ msrrov.) ~.t the· lower dos~ is also to be noted. ·' Incorporation into . 
.. :. :t < ··" •• ~---· .... - ' • ' • - • ·, • ; ' • 

·. ' 

. ,..:t .. :.~- ·.: ~~e was ,llltU'ksdly decrease9- in all ties~ ha~tio~s at. the low 'dosage o: ·Tjp.s 
. : . . '.... . . . . 

~~ . ~ .i . ~ '. :. .: . :._ ·. .. 

~··~e~ul~ ·is ~.uc,t~~~ appsre~ vhon tbs .. ll.d/<hl t~tios ~, ¢,o~ar~~C, ~.~~ · 
• •• .... ,4. • • •','J • • • • . ' . . :· • : • • . . 

: . ; : .~_·:' 

. · > .·~~J,l}'.ep~ .. tbe.~ iJ.lr~ t~ utili~at10h ~£ etq~nous a.de~ ~lttO~lJ.i;s 1n:Jml't 7a 
,,· 
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. .' .. 
'. 

. . 

. ··' 

~ . • } • I • 

· .. ·. · · : . abn~lly · ni_gh s.tOOunt of adenylic· acid deri~ati~e px-t;~ent leads to an increased 

•' •.· .,. J • • I, -: • · .... • 

,: ~ : · ~.-;. · . ·._·· .~ount ·. ~f htosinic ··acid. whiQh _is·· subseq~itt:cy eonveri&.d to g~~;rlic acid • In 
:;~,< ~: ,.o .: -~·'',• I ' 

0 
• , ' .... ~ '',, • '-~.:l:.;,< ~ .. :' •', •' ' ' 0 

t .; ·~-. . • ·,.· . . ,. : . ' . ,. . ' ·• . . 

· •:·-···. :·.··addition, ·tt is ·prob~b~ that ~<ie,td~-.yi&l,.d.s 'bqp<>~tl:d~ prior to 1nQorporf_tion 
<... ' ' . . . #. • ·• • • .. ·, :. • ' ': ~... • . • • • • • • • . 

. .. . 

' . . . . . ~ . ·. ~ 

. · .· : ··. _;_ -'~ ·:: ·&~~ .~nvtf-ivee. 
li • • 

Theee react1oils are probably l).ar~ular)¥ rapid: 1n the kidneY:·; 
·,: 

,f ••• \ ... 

. <:" · · '" ·• >::ot~ f-ac-;Ol''s, in addition·· to. amount ot ade~nec aamin1ate~~, that ~_lu.em1e 
.; 

.. ·. ·. 
' ,;. . .. .... ·_. .. ~. ~ ·. 

. . ' 

,· 
-· ... · Ud/Gu .:ratl~) at'~ tht1 folic anta,g?ldsts, aminopterin or A-methopterin!" As' shown in 

0 

O ' f , • 'f 
0 

l 1 , ' .. ; • ; '

0 

• ' , • 

0 

" ~' : 

0 

' ~ 
;.. . 1 ... 

. ·'J!au~ 1'1! :t a change~ pattern at ineorp~at.iop .of ·A~-2~4· ~a~ n~ted in the .qrug-. . . . .;·· .. · . .· 

.· . . 
. .- .; .. 

treated ~imals., title. e:ffect being .·a.itrer.e~t. in t9e cU.ff'er~nt tiesut?s~ 
. . ; ,. . . 

In most 
. .. 

.. .. 
'·. 

. ' ·. 
tissue~~ au lnoreased s~oific fic,tiv;tty .in ~A-Gu. vas. ~b~t;.veci, wt~rea'.s on;l;y .a sUg~ 

. ' ·- . . . . . ' . . . . '. . . ' ·' 
,·. . .·. 

• • . f~ ,• • . 

.. effe¢t va.e noted upon ·t~ spe~ii'1o ·~~tivl ty Q/ 'RNA-Ad~ '. Simi~ .~rte~ts~,tfp,re ,noted 
. c·... . . .• . ·- . •·. . : ·•. ~ 

~ ~. '. \·. : ~ 

:tn the' Dt~A or t~ intestil'leso 'one. mg, of ~OP~l"_in appeued to .b~. ltl~. effective .. 

.. . 

.• 

.::~t1ldi®.tion of formate ton' COa f'Gt' .nll.O~io_ 'a,oid .. s,..nthe$lS .et:ter mul,tipla mtiinopte~in 

._: .. -. ~- A•met~Gpter~ injec:tio~, ·bu~. obta~&d .no 'etfect upOn C02 utUi~tio~· s~rt)f· 
. . ~ .. 

~ .: :' ':.~... . . . . .. ~... . ... 



·. ·.· 
. ,. 

-·u.·-.. -·- .. 

• , •. - t_ 

af·ter .(1 stng_le dose.· 9'f ~opt.erin~ T~:. ·· · · sted'th8t "lUUlti le ~Jeotions pt·· . sug~. ·. . .. P 
... 

i;;" ·:·.:. 
o;.,,i' • •• •• ! 

folic Uid an~~sta may be lii>C8a.ar; ~' ;,..Od~• ~J~ii.c acid de~~o~no;, · oUr 
. _.•~_ . ,. · . 

. ' 
• i:! 

.. \'. -~ 
• 1 _r;! , , 

· · '· d~~e .we ·Used (40 ~; '~Opie;in/~-) ~~:·ft~:·t~s the· d~~age they·~tiiized~:· 

~ .. ' ' -... 
·' 

.. ~ 

,_ ·-. 
_·.; .. · 
.. 

. •' .. 

•. 

.... ~~ 

... .. 

' . .. .. _ 

. ~ldtbwai't and BencU.oh (36) have obseried·. a greatly decreased. ~orp(,ration of 
. ~ ..... 

t ' '· • 

fo;'mate into the nuoleio .acids of intestines ~d liver ·at. rat~ .f+1'~r·. ·~. :,·~ing1e in-
. ~- . . . ' . __ -·· · .. ; ~-.-:~. · .. ·.' . . . -_ ~- ··~--~.-.:.· ,..,_ .. ~ . :_ .. 

J~ctio~ ·or aminopterin0 

. ·-~ •·, .· -

Ii1 ih8 r~t, as in· ·tp,.: mo~se, t~ patte~n. of. in~pratioil 
. ' . - .. '•': . ·- -... : . . . . -<" _:. 

. • :• - --~ ! •• 

. of adenine .into nucleic acids vas cba~ed <~1 ~op:t;erin~ . The~. observed no c~ 
:.·· 

- .. : . ~ -~~ ' 
. : • .. 

,' ~-
. • • ·=_:. ' ! ',<~ ' f • •. ~ • - • ' • . • • • I. :: . • • . 

• j :' •• i._:. . .:.: ·.··•· . . .. -. :. - 'i-·. 1 

. . . ·- ·., . . . , ' . . ·~ . . r·· , .• .- ~,.. ;_· . . . ·.. f.~.. . : ··- - . . . .. ·.. . .. -. . . • 

tnt<> adenine was generally· ·noted0· ··It/ ab,ould 'be· pointed out that· the. ct~es in. 

Sp$~1t~ jt1Vi~ ob~rved a£~ drug ~etrat1Dn are not Mcesear!~ cc;..~Wd 
I, ~ ' • ~. • .:· .. 

... -~-~ 

activ~ties ~···~~·noted 1n the nu9leoUae adenine of the ilte.stines~ .. · 

If JI,NA 
.... ·e',"'(< 

... poti'io :ac'tivitfes are relAted ~·the 'nttc~oti~ .specific. activity, ~.he data we 
. . ~- . .. . _: . . . ~ ..... ' ~ . ~ .· · .. , . . . . ·. . ~. ' . . : 

. . . 
. ----····. 

: . 
~.. . .3 

.. ibtest1nas~ 

~~--- : : 
;: ... ·.-
•. : 

.· .. ;· -~ .. 
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t: 

' ·, ; '.,·: ·:1k~i..aitilesjor nuCile~c a<~tds ln~ bas ~en ~stigated ~ith fl4en1~-2"Cl4 1 •' , 
. -:_~~ :· . . . t . ';~ .. 

.... ·.". 

. '• 
,,; 

. . 

; .... ·.. . ... l4 .· . 
. ·. ~nhe~4;~ ' anci- adenine-8-014(; . t~o 'e~1dence W.~· fou.nct tor ~naive. ring 'r.!·~.:· 

•, ~ ' . , . . . . . . . . . . 
J-.,.,.:·<- ·-~ •::· .. · ·.i&billty:~ Radioactive· cp2 vas ob~d: .. front'eaoh :of ~. 1.so~rioal:iy.labele·d.·· 
·. ;,-" ,. 
, ... • • .• -~ • • • ': l . . . • 

·<·<' ·~~.: :::.~ .. , · attenrtl1e.-c~ eo.unds !'. indj.d~tt~· ~~~~~ ~~\~~ ·~~~e~ ,ring ·a~. ~ositiona other ·. · ·:\ 

-; ... 
·,·, . : ·.·: .. 

'' 

'. •,. 
· A marr..ed qaot"~se ~n the a.aenine/guaoJm :r:~t~o ~th time has been noted~ :. 

. . . . . . .... . . .. . . .· . . '. . ~ . ' - '.•. ·:·. . . '· ' ' ' .. 
., . -~---· . .. 
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·, ·• 
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. . . ' ·.. . : ... ·. 'tlicre .is o~nsid~r~bJ,e. reutilizati~n;' of 'nu¢Jaio ·e.oid 'co~onents~ . ::,': ' . .· ,' . . . . .. . ' . . . ., .... ': ·~ ..... · . 
• ~ •• •' • • •1 • . • l ,'< . . .. '. . . • .· . ' .. . . ~ . ··."; ·', 
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'· 
· .. · .. 'fhe pattetn ·~f utill~tion of ~~ogen:oU{~hure is _influeneed by do sa~ · ~ · 

. ' ' ,. 

': ~· ·:.·:,·~·by. ~~pterin a.nd.·~~tbopter.i!n4 
--~· . 

., .. ,, . ~ 

. ~ ' 
·._ ... 

., 
. ~ ~-

.. · ... l · . 

~ .~· . 

··~ · .. -
•:· 

. :r., . 

.. · ... 
'.... ~-

;\. •• 1 

" .. . ·, . 't· . 

. r '· . 
. :o· 

·i 



'. -1~ 

' I' 
The Quthors are greatlY indebted ~ Pro.ffilssor M!lvin Calvin for advioe 

. : .. 
and encouragement d~ing this investigatiqn~ Aminopterin and A-me_thop~rin were 

' : . 

g~ts t£ ·wderle IilbQratories~ The tJ.n~.hnical asslsta.n.ce 'of Miss Barl,>ara Krueckel 

{ 

. and Mr$i Ruth Daane is .. gra.teful.).y acknowledged. Dr.~ B. M. Tolbert and Mrs~ 

.. l4 12 . 
-Martha Kirk generously made available the G o.jc 02 aJ18,l.y:zer and assisted 

. ' 

.• 
·t' 

The work was done under the a~ep,i~es of the UQ 8~ AtQmic Ene:rgy 

. . .~· 

• • : ! ;~ ': ...... . ' ·. ·.;.: .,. ~ .. 
I' \ . ,,. 

' . 

' . 

,l 

. l 

'· 



'' 

•.,·' 

-17-
A ' 

._I 

--

', . .-

.FQO'.l'N01ES 

· .... 

Company, ~~bank, Californiae _, 

2 The evidence presented _by Bz:own and RQll (S) for a decrease in the ·Ad/Gu 
. . . . . • . I • , 

ratio does not appear tQ be correct inasmuch as both groups of rats were 

sacrificed 24 hoUrs after a series of three daily fol"lllE.l.te injeotione (28 ,29) ~-

3 The concept that nucleic aoid_s are broken dow to ·and resynthesized frOJJl 

-' ' 

nucleotides can explAin ·tbe d-ifferential e,t.f'eots of A-methopterin on 

forma:te-c14 and p32o2 · incorporation discussed by William~ n al9 (37) , and 
+ . . 

also the differential effects on formate and adenine in.C?orporation (36) , 

,t, ·. vithout the .suggestion that portions of nuoleio acid:s are ·exchanged in 

the absence of aynthes1s~ 

* 
. ·-

- A pre~ aocoun1;. of this ·_writ baa been ~aerite·d at the International 

·Conference oJl the Peaceful Uses of Atomic Energy:. (lCJSS). 

. . . 
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Speci_t,ic Activity df 5-Adeny~c .Ac;Ld arid RNA ... ~itine and Guanine in; ~57 'Miqe ~ter. A~itiistr&t~o~. 
. • .!· • . . . ~ • . • : . * 

of Aden+fte-2.c1~ 1 Adenine..-4;6..c~4 and ·Adenine-8-c1 • 

' ' 
Time a~ter Injection 

<aays') < 

'5-Ad-enyllc Acid 
s.a .. ·~ Ad-4,6 

.RNA-Adenine· 
s.l:\. ,.Ad-~;6 

RNA-Guanine , · :·' · Ratio 
~.S:. ·. ~ ~:~ f!d-4,~. : Ad/Gu 
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1 
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15 

1 
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28 
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A ' l 6 n~4 U-·t-. -;.;2 

Ad-8:cl. 4 

Ad-2-C.l.4 

Ad-4,6-c~4 
Ad-8::C.l.4 

Ad-2-Cl.4 

Ad-4,6.:.~4 
Ad-8-C14 

Ad-2-c14 

14t; Ad-4,6-Cc • 
Ad-8-C14 

Ad-2-c14 

Ad-4,6-c~4 

Ad-B-C14 

Ad-2-cl. 4 

Ad-4, 6-c~4 
Ad-8-c14 

Ad-2-C.l.4 

Ad-4:6-c~4 
Ad-8-c14 

Ad-4,6-C~4 
Ad-8-cl."' 
Ad-2-c14 

Ad-4,6-c~4 
Ad-8-c14 

Ad 

1410 
1350 
~35Q 

60 
38 
66 

18 

63 
110 

Z2 l22 
22 .122 

4.7·' . 1 
5·7 12l 

.J.2to 
1390 ~ .· 110 
138o 109 

92 
72 

110 

13 
14 . 

205 
203 
194 

149 
136 
159 

144 
135 
136 

100 
104 

1270 
124o 
1250 

230 
200 
162· 

77 
81 
56 

14 
14 

865 
985 
935 

195 
149 

99 
94 

01 
-'~ 

107 

94 
95 

104 

87 
70 

105 
73 

100 

114 
108 

sina.l1 

890 
755 
790 

00 
40 
00 

26 
2) 
24 

Intestine 

:• 

. 67 
100 ' 

116 

Large Intestine 

990 
1100 

945 

87 
- 68. 

:L02 

33 

30 

256 
236 
228 

1'71 . 
16o 
151 

158 
148 
117 

90 
92 

445 
400 
420 

485 
390 
34o 

24o 
255 
166 

37 
itl 

48o 
525 
370 

ll7 
95 

78 
1.17 

<:j1 

108 
89 

93 
74 

102 

LiVE:l' 

·ao 
70 

107 
69 

ll1 

. Kidney 

109 
·11 

ll~. 

' 107 
< ,; ~60 

' ~- ·. \ 

· .... 

)3'• 
1.2· 
JJ.. 

4o:9 
'6.1 

185 
. ]00.<. 

18o 

36 
29 
38 

24 

2I' 

37' 
32 
33 

4C 
42 

61 
51 
45 

1.38 
114 
104 

119 
116 
86 

34 
39 

115 
ll7 
103 

21.5 
187 

92 
Q..ti: v,i 

124 

102 
97 

86 
89 

98 
88 

ll2 
79 

105 

84 
74 

83 
75 

97 
72 

ll5 

102 
90 

·' 

., 
7·9' 

. 7 .J.. .. • 
7-9 

5·> 
6.2 
5·3' 

2.4 
.2.3 
2.7 

1.4 

D 

3.4 
3-3 
).4 

3.3 
2.7 
3 .. 1 

2.2 
2.2 

2.0 
2.2 
1.9 

L1 
l.l 

4.2 
4.5 
).6 

1.8 
2.3 

4t.:r;~.··~ ,-: ... ~-.'77':'~;1':~~~~ 
'!:.: ~ ~~~;.·-~ 

. ·:; ~~~~~: ' . 

. -:-- -:: ~ ·~··\ ... ~ ..... 
(~ l \.. , . .. . 

•) •.. 28 

* 

Ad-4,6-C~4 
Ad-8-C1 "1 

25 
25 100 

1.2 
99 ll3 1.1 

Male C5 7 mice i age ~· to 5-1/2 months, weight .about 25 gm., vere adrainj:sterea 1.2 l'llb· of. 
adenine-4,6-C2

4
1 or adenine-2-C14 , specific activity 1.8 x 104 dis./~. The specific 

acti vi t:Les (>f the guanine have been converted to the .gamma e,IlJ.i valent oi' adenine . The 
mice were &acrificed Ht the indicated time after administration of the adenine. 
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. . 
:;.·.·ht·'. f': 

(.,' :-· . 
:··. ... -

... 
·.,, .. 

· ··... > : . .,.· · .T~.·IB· . 
• • ·; '·, L' • • • • • • 

,spee_i.fic· Ac·tiv1·1-Y. .of DNA-Adenine· and ·Gu.anine· in C57 Mic~ after AdminiStrat:i.on . . .... · .. \ ;, . . . . . * . . . 
';t .. F,(: •' 

·. -~ ~.-::" i. ·_ ' . . . ~ ::· .' 
·.-"·.'' "·of Adendne· .. a-c14 ,··A~ezline-4;6-c~4 .and Adenine-8·0~.4 .. · · 

. . -~· . . . 
:'' . . -~···· . · . 

''• . 
., . ' . :';_:_. ' ·.; ""· .. 

Time e.tter ·.·.: · · ". . 
' • • ~I : ~ • ., 

: '-~. . . ~ 

,Inje~1;-ion. · . · ·. · .· :· . 
· · (daysJ '-'· ·,-. . ·, ~··C6mPo~d 

.·: · . 
. ·~a-4,6:·-· .. : DNA-Guanine 

·~· .1., ',. • 

. :. 

. ··8· 
·. 

....... 

... '.· 

.. '• 

1. 

.· .• 

15 

.28 

8 

28 

;. ; . 

.small. . Intestine . 
. · · .. ~ ·. M-k:;6 .... c~4 · ·· . 465 · .- 85 

. . .... <Ad .. ~..C11
4

4 . • ·. · :· ' 40o . '86 . . ·. . . iB 
•. ·: . ·. ~~~2-C :. 445 ·.· . ·:·· · ' 9p. ;. · .. J_-· <:11. 

. •' • . • ' ·!" . ~ ~- ··:. . . .•• . 

--~ ... ~~·~-c~i!L "29 . . : 6.8· 
Aa...a ... c14 · · ·24 · . ·e3 · ·· )~ 9. 

. .(\d_~2-C14:. . -~0 69. . 4.8 

•"' .. 
. Ad.-~ ,6-C~4 ... 
: Ad.-8.;.c14 . '' ... 
·: .• 

', <1\' 

i4 ,. 
16- .. 
ll .· 
.. .., .... 

'< •••• • 

"7 ·9-
·9.2. 

( . · . . ·. 
r. . • ~ 

Ad ... 4 ,6_.0~4; .. : ·\ .. · 420 .. 
. Ad-8-C1 '4 · · · ·. · · · 465 · · 

· · Ad -2 -c14. · 425 

6 14 Ad-4, -C~ · ... 
Aa-8-cl. 4 · · 

. . l.4 
Ad-2-C 

·. ', 

..•.. ::~··· 
M-4 >6-c~4 ·l7 · 
Ac'i-8-c14 ·. · 

· Aa•'2 .. ;cl.4 . · ·:·: ·: 3i · _.: 
... 

6. 14 Ad-4, -C2 
Ad:.:8 .. c14 .·.·. 

I . •>· 

Ao. .. 4 ~ 6 .. c~4 . · 
Ad.;..8-C·1~ ·. · · 

· Ad ... 2-c;l.4 . .- .. 

.·"'. ... 

178- .. 
·_l-49 .. 
:127 

_, .. ·,::· 

. · <il4· 
72: 

. 4.9· 
4.1. 
"4.8 

· ··· · ·u6·· 
' ~ • 0:: - -.. :~·· 

: . . .~" 

I.ar~ Intestitle · . 
~:: 

. 96 
101 

64 .. 
125 

' . '66. 

... ! . 9·9 
8.4 

12.6 

. ., 7; 
. ;; . / 

. '_.: .. : , . ~ ·. .33 
. : ... '84 . ' 36" 

~11 . ·._,. ·: ·26 
. : ·~~ ;~.~-: :. . . . .. •. ~ ;· ... ~ . 

Ad-4.,'6;.;C~· . · · · · '22 ; : · .. : · . _,. . . :.:_. .:·: :; .: 9 • 9 
Ad-e..:c+4 · · · . , 15 · . · .. ' • :·.::® .. ·. ·. · · .... , .. 1 .. 6· · · .. 

· .Ad·-2.:c14 . . ;:· ;, ':t.6·· ·· 1$ ' _ ·. · · 7'" 2 

· Ad-4;6~c~• . ~·< ·· · .. i:J" ·: . _ .. 4-.1 . 
Ad-8-c14 · · · ·u · ·.: .... ·. B5· · · · 4.2 
Ad-2..Cl.4 . . 5·· 5 ·. ·: . , '. :.42 2.0 

Ad.;.4 ,6~c.~4 .. 8.5 4.1 
Aa-8 ... c1~ . ·7.6 _ .. ·:9Q· ·3.4 

* See · footj;wte to T~bl~ .. !A. . 

.. 92 
84 

87 
7i 

84 
98. 

132 

lC\3 
87 . 

85 
127 

67 

63 . 

:109 
79 

7.1 
74 

102 
49 

,• 

5·5 
. 54+ . 
·-6.3 

. ;:·:4~3> 
.. 4 '1:. ... 
4~2 

. 2.9 . '\ 

. 7. Q .. '•. \ ... 
',.:;~···7· .. ·- ~ ' .. 

.. 2.3 

6 .• -r 
6.2 .. 
7· 7 .· 

4.7 
3.6 
4.7 

:3·~5 

3.3 .. ·.,; . 

2.6 
2.7 

.;;.4 
4.-i· 
4~9·:· 

... g.cr~ ·. I 

2-'.2 

'3 .~ :. "' 
"2.·9 
2.( 

2.1. 
2.2 

· .. 

.. 



TABLE IIA 

Spec~ic.Activity Of 5-AMP of Mice Injected with Adenine-2-C14 or Adenine-4,6-c14* 
2 

-. 

Small Intestine Large Intestine Carcass Liver .-;~. ~~ .. Kidney .t .... ·: .... -
y 

Time atter. Adenine ·:Adenihe A. de~ Adenine .Adenine A4~ne A4eni:J;e> Adenine Adenine Adenine 
In;Jectf~ 6 1"4 . 2-..c~4 :4-- 6...c14 .. 2l..C~·4 lj. 6 14 2:,.~1.~;- -·4 ~l.-t·.~ ~ 4:~6-c.:t* 2-Cl.4 4, -C . . . ~ ' .-~. . . .;, -C . ' ·.~· . . . 
~~~).····· 

.. - ~. ~t 
~ 

;. ...... "-I" ~ ··. - .. >-A?~- ' 
... ~ . ~),.. . \ 

1 
-... , ... ---" "-_ ·'-· . 

'" . ~.~.r ..... ' 3 

.. . .. 
l 1295 1495 1035 118<:> 270 220 690 890 830 925 

1~.'{5 1345 1495 1180 26o 235 1095 i210 .1140 ~095 

~ "l-1.22 ll~~ ~-
. 8~ 

~ 1230 ~ llg5 .-22.Q. 9eg Average . .Jl 1382 11Y'7 . ~ . . . ':) 7 1010 1 1 
Ad-2-C14/Ad-4,6-C~4 1.05 1.03 0.94 1.04 1:.os 

15 16 21 41 146 174 68 . 57 59 . 75" . 
25 19 ~-5 35 l.55 ll9 r:;2 70 71 

.· 78 ./. 

---12 __ll 21 ___l1 10a 88 ...:£_ *··· . ...§.:L_ 12 
Average 20 19 33. 38 13.4 lZ( 59 68 : 77 

.J ·.·.~ ,"'·'_ .:,. 
. 2·4 I . 4 6 1"4 0.95 1.15 0.95· 1.15 1.13 Ad-2~C Ad- ,:-C 

* Ivial.~. c57 mice, age 3-112 months, weight about 25 gm. were sdministe_red J.2 mg. of e.denine-4,6-C14 or 
. . 

£idenirie-2-C14
, specific acti'lrity 1.8 :x 104 dis ·IllS· T'ne specific activities of the guanine have been 

converted, to the gamma equivalent of adenine. The::j~e sacrificed at one or fifteen days after 

administration of the adenine. The RNA-kidney sru1Iples were lost. 

J 
l\.) 

'I 

·.• 



,;:.. TABLE _ II:B · . 
specific Ach vity . of?PJ'Ui-:Adenine arid Guanine. of Mice Inje_cted with Adenine-2-C1 4 o~ Adenine-4,6-C~4 * 

·-
- Adenine'""4,6_;c~-t -.Adenine-2 -c14 -' l' AdenL'le.:.4,6-C2

4 P..denine-2-cl-4 

~ 

Adenine Gi.<anine. Adenine Guanine Ad enure Guanine .Adenine GuBlline .--.-.. 
Time a:fter Injection s·.a. · .. s.a. Ratio s.a. s.a. Ratio rLa. s.a. RHtio s.a. s.a. Ratio 

Small Intestine Lar6e· Inte5tine 
1 dax 65() lv4 6.2 660 Hi9· 6.0 B3o 157 ).3 88o 189 4.7 

660 ,~'. 101 6.5 68o 94 1·2 . 975 205 h.8 900 166 5_.4 

·m·· 86 6.j m Jrr H ~ 12.., 2:1. 87\0 14-i .2.:.2. -- . - b;.~ m s7o. 165-Av~r-age · - 1 .. 97 97 7 0 5.0 5·3 
Adfi2/'Cl.4 / Ad a4- 6.;.cJ:4 -. 1.05. 1.00 1.07 1.02 . , r - -~ , 2 . -

12 ·d~·s 21 J..o 2.1 24 J:2 2.0 30 22 1.4 32 22 1.5'. 

29 ·····'·· 14 2.1 24 ~::z, 1..9 39 29 1.3. 27 18 1.5 .L_... 

"28'- -~ 1.9 ·2; 12 2.0 . 23 18 I 7i, _j1 20 .1.6 
. 26~0 

--~ - 23.0 
~ 

Average 13,.0 2.0 23.7 l2.3 1.9 30·~ _1.3. 30.0 "20.0 L5 ~ iid -.2 -cl. 4 / Ad. -4, 6-c~4 0.91 0.9) 0.99 0.88' 
.· 

- .Cf~rcass Liver 

l,da;y 230· "38 6.1 195 ll-1 4.8 255 39 6.5 310 39 8.0 
225 47 4.8 205 39 5·3 350 61 5·7 415 65 6.4 
220_ h~ 2.:1 200 4o 5.0 ill _..22 6.4 21Q 4-2 8.8 

Average · 225 . 42 ~; 5·3 200 4o.O ).0 327 53.0 b.2 365 4&.7 :7 ·5 • I -

Ag/2f~4/Ad-4,6-C~4 0.89 o.~h 1.11 0.92 
~-· 

1!~6 46 l-CD ~~ 2.8 154- 140. 84 12, da:£S 3.2 Y3 1.7 1.7 
-l~l2 52 2.7 124 45 2.8 154 88 l.'i 182 9l 2.0 
106. 44 2.4 ·lOQ ..2±1 2.3 lJO ~~·7 2.2 121 _2§. s..&· 

Average 131 lq.3 2.8 131. 5J.6 '2.7) 159 l.S' 171 SX).3 l.9 
Adf2/cl-4/Ad/4,6/c};4 1.00 1-.06 l.o8 1.05 

* See footriot~ t,o ·Table IIA 
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~ TJI.BLE IIC . ,_,; 

' . . ·. 
. . . . . . <. . .. _ ' • : . . •· •.,, . . . . . . . . :: . . . .• i.. . _· "" . . ..:~.. . . \i4, : · . 
·_Speci:fi<;. Acttvi·ty of' miA:·Adenine· ~·n<;I~_quc,nine .c·f M:t,ce'·~ ~ In.Jee.ued: _'\>~it.-h A(lem.n.e-2-C, or_ 

· · · · · . . ,· - · · · .: · .· · .Aaenf~~ i~; 6~c~4 :0. <. __ . ~-
.Ad~$~-4, 6;..0~4 Adenine-2-C14 · Aden:ine~J~~·6-c~4 .. · .Ad~ine"-2.:.:¢1~: · • ..........__... . . . .. ...~ . . ' ~ .. 

. . :·. 

--
. ·~-,. Adep.iiie - Guanip.e 

s :a. -s·.~· .. 
.. 'Adenine Ouatune .. ·. ·Adenine ·Ouenine :· 

Retio . ~:a~ . . ~l'~a> -Ratto·'· S.a·. :~-' s:.a~~tio .. Tim~·. ;:ir'±.er·JnJ.ectiqn 
Adenin_e .· Gue.nihe 

s .a. s; ~a.- · Ratio 
. . .. _ ... 

. ,-...;._ 

· 1'aki;t. -r 

, 
360 62 .;rr·i-· .5.8 • r. ~ ·:~ 
7\0~ 5th ·.5·3 -' ·-' 

m 41 6.2 . .....____... .. 
':Y:>7 55~7 5:7 
0-~~5 . -0~89 

. , -

.L) 4.2 ).1 
u· 4.o e.B 

& . :z.Lt, 2 a . . .:=..:..4 
13.0 bt-.5 2.9 

0:95 0.-95 
:Average _·' : · · 
:·:A?--2-C~.4/AE1-4'1 6-C~4 · :· 

2~ 48"'"' . "'··" 
-3-:50 50-~-
·245 :~5- .. 
29~ -47 ·7 

ll 4.1 
11 3~ -r 
-~ "'-.2 

(3 •. "12.3 

· :~r&e tntef?,~ine 

.' 5·8 ·. li.!$ ·. 7.5·5· 5~9 . 
7 :0 . ·. 3:}~~. . 67 ...... 5~-l : 

. ,:--.-2:.2 .. ~ ' .. - ' ~~-2 . . 7-.0 
... b.l- .. 358 .. -b1..3 '5~8'' . 

-· 'l.Q}. l~~h{ 
...... 

. _2 •. "r ,-:n 
'<?JO .· _-15 
~- .. ..1:2.. ... · 

··:.: ... : .. ' .~·. 

6.1: 
5.0 .. 

: f.t:· 
2.0 
2.1 
2.2 

._. .. 2~i 

· ....... 
. · ·-~---·~---_.... _____ -"-_........,,..___;--"-----~-------__,------,-,-~-..,.---;....,........,_.-. ___ ,.-..._.....,.,....:-.-...,.----o."!-'_---_:·..-....... ~. ----

~ ~ . .. . . 

~ .... ' 

.Aver'ii.ge . . .. · ._ 
Ad.-24;];4 /.tid--4, 6~c~4 · ·· 

Average· :·.. . . .. 
-Ad~2..:C1.~ /Ad. .. J.~, 6 .. c~4 

·. ·-:~ .i . 
·•.· ·' .-

.. 

138 
154-
1lt2 
1ll-5. 
0.)4', 

13 
lu 
t2 
12.0' 

.1.06 

.. 
t~'rcass 

28 4-.9 
33 4.( 
28 ·f+ 29-7 ·9 
0 .. 82 

.8.2 L6 
. 5·5 ·:L .8 
9;··4- 2.;2-._ 
0.:4 L9 

0.80 

- ·_. ·_ . •;' ,:•. ,.·· ... 
. ·* .See fo6tn:o1:e td Table .!IA. 

,· .~ .. ' . 
-· . 

. _., 
·::' 

138 
148 
122 
136 

~ .... 
. L.) 

12 
,13 . 
'12.7. 

'23 
25 
2·5 · .. 
24.3 

4.r8 
il .• 6 
6.0 
).1 

-~· -

. ''- . 
. ' 

...... 

~· ·~.' ... , ;· 
·. . ' . ~ ' ' . . 

. . Li~er ·_ . . . 

. ii 2.6 
l:4 •. . ··.1·. 9 

. 'l4 " . < 2:5 
13~0 .... 2 •. 3' 

0~91 1:00· 

)·, '7: ..... _., 
· ~r .4 . 2:.&. 
5-7 

2.6 
2.?> 
2.}-
2 .. 4 

.• ¥. 

15 
·.11 .. 

:. ·.9.4 
· .. 11.8 

22 
23. 
40 

. 28.3-

.2 .a· .. ~ ·:-_ 5 .. :~ _ 

. .2.2 ----2.3 

7.6. 
ll. : 
1.:( -~· .. 
J.J:-.a 

:.5.8 
.. JL,) . 

··5-2 

_2 •. 9 
2.1. 
2 .!;: 
·~-

. .~· -~ .... · . 



·. 

,. 

Titne af·ter Injection · 

l day· 

-Avera~· · ·· · 
. 1:4,/ l.4 Ad-~-C lld-4,6-C 

-15 days 

Average ·· 
. l4j'. 4 6 l~ Ad-2-C Ao- ) -C2 

... 
. . 

TABLE IIC (continued) 

. Adenine . .JJ>) 6~~ 4 

Adenine 
s. a. •.. 

11 
. 13 

.. 8 ·1.. 
10.8. 

• ·e. ~.85 

26 

1~· . I 
.;..->_. 

21.5 
_0.82 

Guanine 
s.a. 

_-Kidney. 
h.2 
3.·6. 
t~ .l 
4:0 

:: 0.7,8 

15 
11. 
_'( .6 
11.2. 
0.69 

Ratio 

2.6 
-~ 
).0 
2. 7.. 

1.;7, 

£.:2 
1.9 

See 'footnote to Table 'fiA, 

. . 

Adenine ·Guanine . . 

· .. s.a. s·.a.. 

(3..2. 
ll 
§.:1. 
9.2 

22 
14 

...!1__ 
17·7 

3.0 
:!).0 
3.4 
,-:; .1 

.. . '-
-:"'. 

. ' 

2.7 . 
3·7 
~.4 

·.2 .Sf .. 

.- . 

'- .~·. 
I . 

' . 
·. ,.; - •. 

-· ··::::~· .. 
... 

·.'···. 
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T.ABLE III 

·. * 
Effect of. Dosage v.J?On Ir~corpor~tion of. Adenirie-4, G-C~4 into Nucleb'tides and. Nucleic Acids; of .Cs7 "Male Mice 

Tissue 

Small In­
testine 

Large.In­
testine 

Liver 

.·; 

Carcass 

Kidney 

'!. 

% o:r .~Control · % of :Control 

5-.Adenylic Acid RNA.Adenine RNA Guanine Ad/Gu . DNA Adenine DNA GUaJ:dne 
R<itio .. 

.A.d/qu 
Ratio 

1.2 mg. 

0.12 mg. 

.1.2 mg. 

0-.12 .mg. 

1.2 mg. 

1.2· mg. 

0.12 nig. 

1.2 mg. 

0.12 mg. 

' 

10 

17 

18 

l"' .) 

21 

t • .)_. -
8. 5 

17 

11 

28 

!· ., ··~. 

4.1 

5·7 

'7 r:: 
I •) 

6:o 

16 

t·9 

13 

8 . .) 

20-v 

. 8.1. 

. )..2. 

6.0 

> 

' 

7 .J. 2~8 
.. -:;_ ... 

ll :;.2· 

.. 
. 2.6 .. <. 2 

22 L. 25 

* l.&? mg. or·O.l2 mg. of e.den:.ne-1+:6-C~4tras e.dminis~ered by· intrap·eritoneal. injection to two 
male. C57 mice.· ThE!Y were sacrificed 21~ hourr; later. To calculate approximate specific acti­
vities, refer to ·the 24-hour e.denj.ne-1~,6-C~4 data in Table If-A,B a:nd c. 

5·5 
i4. 

6.8 

2?> 

·. 

' . . I 
1\) 
\J'I 

• 

'· 



. . ·. 
. ,,., 

Tissue· 

.Small. 
· ln:testiae 

. '' 
~~ge 
I.rrtesttile · 

Liv_er 

:.'"'· 

i. 
: -:, 

·._·. 
j .•• 

f. ": .. • .. :. :\ .. , .. _; 

.·.TABLE tV 

-:: : 

~:-:' . · , ~f':fect Gf: Amiilppte:rin ·and. A-M~thoptertn u:pon ~he . Incol."'PPrat;on of A~enine-2~C14 

::, . :~, into :N:ucle,otides q.nd I-ruc~.ic Acids 9:f -C5 7 Male Mice, 
.. • ... · ... 

·. :· , · : · Ji-Adeeyl:ic Acid· RNA Ao~nine 
·Treatment:· ''/>· Cout.r,ol ~-·control 

Control . 
.Aminbpt~~!n · 
A-l4etAopterizi' 

'Cont:z:ol · 
· · Aminopte.ri.\1 
. A-Met.hopterJ~ · 

. -~ . ·. 

. 1.75 
.'i29 

_ C.OP.trol . ·.-, , . · 
~nop~e~·~ . . 1 ... 6(? 

·. :: A ':l>(et.iifrpter;tn:::.,_. .. 084 
•·. 

'Control: ... __ 
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