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I 

earch for Radiation Dc'ainations in DNA 	- 

Abstract. Aqueous solutions of DNA- 14C wcrc aubjected 
to y-radiation and the nucleic acid then hydrolyzed to the 
nucieotde level. A speciftc search was made for the S-dCP 
to 5dLL!P conversion in the intact nuciec acid, cut no cv-
dece for such it deainatin as found. Thesc. i- csults tend 
to mininize a role for nucleic acid deminations in radiation 
genetics. 	 - 

It has been demonstrated that the nucleic acid bases 0  adeninc and 

cytosine, arc donminatod in dilute aqueous solution by ionizing radia-

tion (1,2). Ncg1ectin inj detrction reactions, the deaminat&1 analogs 

(hypoxanthine and uracil) are a.mong the major products of the radiolyses 

of these bases. For example, when a dilute (O.l) cytosino solution is 

given a y-ray dose of 2 x lO rads, it is found that for every 100 nolo-

Cules of cytosinø that disappear, 36 molecules of üracil arc foined (2). 

T1ose observations appear iportant to radiohiology as they suget a 

mechanisn for radiation-induced autacnesis. It is lAnown that the 

dilute nitrous acid treaerit. of the amino bases, adenino, guanine, or 

cytosine, leads to the production of the corresponding hydroxyl COmpOundS 

hypoxanthinc, xanthinc, and uracil, respectively (3,4). Gierer amd 

Mundry have shown that nitrous acid trcatme'nt of intact tobacco mosaic 

virus actually results in the formation of mutants (5). In addition, 
1 	

the alteration of the aidno acid sequence in the protein of the mutant 

vins has been demonstrated by Tsugita and Fracnkel-Conrat (6), It 

would appear that radiation-induced deaminations. cuht to play the 

same role as nitrous acid-induced dcainations. 

decided to search for evidence of radiation-induced deaminat ion 

• 	 in water aolution of intact D?AÔ To make the search as sensitive as 

rsib1 our work was carricd on on DNA labeled with 14C (fr i, coil 
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growfl on 14C-labclod algae) 	sought ovidcncc of the appearanco of 

• 	 the specific dearthiated nuCiotide, 5 1 -deoxyuridylic acid (Se-dUMP), 

from 5-dcoxycytidy1ic acid (5-d(MP), because the Se_dUMP  is available 

coacrcially for use as a carrier inchronatographic work. The other 

posibio dQarlinated, nucleat idc from DNA, deoxyinosinic acid and deoxy-

rihoxanthinc phosphate, are not coimcrcia1ly supplicd. In addition, as 

noted above, cytosino gives a very high radiation yield of its dcalnat1 

aralog. urucil. It therefore appeared that or chances of. finding 

deminition might be greatest in the cicoxycytidylic acid-to-deoxyuridylic 

acid trarLsformation 

The DNA- 14C was rrcparod (7) by (a) exposing the algae Chiorella 

to 14CO2, (h) hydrolyzing the algae (2 cc of wet packed cells containing 

7S. rc) by heating iG lirs at 1000  with 200 cc of conc. flC1 in an evacuated, 

sealcu tube, (c) inoculating the hydrolysate (after removing tne R1, 

and stcrilizin) with an E. ccii culture, and (d) obtaining the labeled 

LINI¼ from the bacteria by the :ncthodof 3'irby (S). We obtained for this 

• 	 work 1.9 mp of DNA 4 C with a sec.fi.c activity of 142 

iyurolyscs of the labeled DNA, both before and after irradiat2.on, 

cerc performed as fol1ows The DNA (in aqueous solution) was first 

hydrolyzed (IS mm) to short-chained pelynucleotides by bovIne pan-creas  

• ieoxyribonucloase (Worthington iiochcical Corp., Freehold, N. J.) fol-

lowing the method of lunitz (9). Venon phosphodiesteraso (rthington) 

was then added to ccp1ete the hydrolysis (2 hrs) to the S'-qnonucleo- 

• 	 tides, following the mcthd of Koorner and Sinsheimer (10). Paper 

• 	 cimitoraphy on the hydrolysate was done on lVahtnan No. 3. parer using 

the solventsystems, (1) n-Lvtanol-acotic acid-water (2:1:1, v/v/v) and 

,( LYr 
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() isopropanol-water-12 N iC1 (5.0:10".4:16.6, v/v/v). Positions of 

radioactive spots on chrcatograñs were detcrnined by autoradiography 

(Koda}z "iUue Sensitive" 1cdIcal X-ray Film), and positions of UV-absorbing 

compounds (which includes all tlie nucleot!des 9  nucleosides ar1d fre< 

bnses) were found by placino the papor c rotogram over a UV lamp 

(ineraliht", Ultra-Violet Products, 5an Gabriel, Calif.) in a darkrwm.  

/nOuflt$ of ri.dioactivity in a chroatographic spot were detennired with 

a G-I counter. 

All irrdiations were done on 3$ Ij Sampls (containing 05 ic) of 

the i)NA- 14C dissolved in () l of water. The SampleS were frozen into 

sal1 Pyrex tubes, which were then evacuated and acied. In order to 

more nearly approxiratc in vwo conditions, dissolved air was not removed 

before the tubes were sealed0 The irradiations wore cnrricd out in the 

10 .Kcurie 0 0 y-ray source at the Depurtent of Radiocheatistry. 

Controls on the DNA-'C preparation wore made as follows: 

A sample of the unirradited and. unhydrolyzed material was 

chronatographed, along with 75 pg, of Se-dUMP, US1!L', the abov two solvent 

systn5. About 50 of the irm.terial rcaini at the C roTr1atoraphic or1in 

(as LA should), about 25 was smeared out along thc isopropanolNCl 

direction, and another 	appeared as distinct spots at various loca- 

t±ons on the croatoa 	ovcr, no trace of radioactivity s 

detectable in the carrier deoxyuridylic spot. 

A sample cf-the unirradiatod PNA- 14C was hydrolyzed by the 

dcox>Tibonuclease-veno nhosphod ietorasc method. Ch'rrtoraphy of 

this aterial (along with carrier, unlabeled 5'-dJ4P) showed that only 

a  truce (about l) of radioactivity was left 'at the origit, Mout 50 
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of the total activity appeared in four major spots that were-  identified 

as the four uc'leotidcs (5 1 -dAMP, S'-dThP S'-dGP, and SdCP) The 

rcaining rdioactivc spots on the chromtogrnms were not idezitif:ied. 

Azain, no radioactivity was detectable in the carrier S'-dU!P 0  

(3) Two DNA-14 C samples were irradiated at 106 rads, and two at 

2 x 106  reds, to servo as the irrndiated-butno-hydrolyzed" controls 0  

Crcmatocraphy of the reiltant mtoria1 save, on all four samples, 

chroatograis very similar to those of the unirracliated and unhydro-

lyzed DNA- 14C, Apdn, no radioactivity was detected in the. spot of 

carror S-dUP that was adccd after tne rraciations. 

Two samples each of the DNA-14C were irracLated at 1 9  2', and3 x 10 

reds (delivered over 10-30 hrs). These doses were chosen because the 

• 	iaxiiurn derwünation of free Cytosine as observed in this range (31). 

After the irradiations the samples were sthjected to the hydrolysis and 

chromatography described above. All of the resultant autoradIoraphs 

were more cplicated, by a profusion of spots and by a less-effective 

DNA hydrolysis, than were the hydrolyzed controls. (The loss efficient 

hydrolyses of the irradiated DNA is in accord with a sisi1ar observation 

of Shrsgc (12).) flowcver, in none of the Six chroaatoraits was there 

detectable radioactivity in the added 	carrier. The carrir 

spots were counted under conditions where we could detect a conversion 

of 0.1 of 'the DNA V-d0fl ,  into 5 1 -dU411 . This sets an upper lImit to 

the irount of deaivation of cytosine in ittact DNA that could he taking 

1)15cc undor the conditions of our cxporicnts. It is probable, there-

fore, that c1cic acid deanination do not play th role in radiation 
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çcnctcs chat was suggesteti by earlier observations o the rii'ttion 

doiiiitions of the frcebasc. 

RIC}LA.RD M, LI1ON 

Dcpart:ncnt of Rzdliocheriiistry 
University of helsinki 
elsinki, Finland 
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