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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. ’ '
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Search- for Radiation Deaminations in DHA

-

Abstract, Aqueous solutions of DNA-L4C were subjected
to y-radiation and the nucleic acid then hwvdrolyzed to the
nucleotide lavel., A specific scarch was made for the $P-dCHP
to 5'-dUdP conversien in the intact nucleic scid, but no ovi-
dence for such a desmination was found., These results tend

to mininize a role for nucleic acid deaminations in radiation

senetics

It has boen‘demonstrated‘that the nucleic acid bases, adeninc and
cvtosine, arc deaminated in dilute'aqucous solution'by ionizing ra@iae,
tion (1;2), keglcctinﬁ fing destruction reactions, thodeaminated analogs
(hypoxanthine and uracil) are among the major vroducts of the r;diolyses
of these hases, For cxample,’when a dilute (0.1%) cytosine solution is
given a y-ray dose of 2 x 108 vads, it is found that for every IGO‘mole-
cules of cytosine that disappear, 36 molecules of uracil arc formed (2).
These obscrvations appear important to radiobiology as they suguest a |

mechanisa for radiation-induced mutagenesis. It is known that the

dilute nitrous acid treatment of the umino bases, adenine, guanine, or

.

cytosine, leads to the production of the corresponding hydroxyl compounds,

hypoxanthine, xanthine, and ur'cxl rcswcctxvcly (3,4). CGilerer and

Mundry have shown that nitrous acid trcatment of intact tohacco mosailc

virus actually results in the formation of mitaits (S) In addition,
he alteration of the amino acid scquence in the protein of the mutant
virus las been dcmonstratéd by Tsugita and Fracnkel-Conrat (Q). It
#ngld appeaf that radiation-induced deauinatiohs_c~g;t to play the
same Tole as nitrous acid-induced dgaminations.
e decided to search for evidence of radiation;indﬁécd-dcamination

in water sclutions of intact DA, To minke the scarch as sensitive as

possible, our work was carricd on on DNA labeled with 14¢ (from £, coli
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arown on 14C-1abclcd algac). hé'sought evidence of the apﬁéérancc of
‘the specific deaminated nucleotidc,-S'?dcoxyuridylic acid (5'-dUMP),
fromv5‘~dcoxycytidylic acid (5°-JCMP), hecause the 5'-dliiP is available
‘commcrcially for usc as a carrier in chromatographic work. The othef

possiblo deaminated nucleotides from DNA, deoxyinosinic acid and deoxy-

riboxanthine phosphate, are not commercially supplicd. In addition, as

noted above, cytosine gives a very high radiation yicld of its deaminated

analog, uracil, It therefore appesred that our chances of finding

deamination might be greatest in the deoxycytidylic acid-to-deoxyuridylic

acid transformation,
The DNA=39C was prepared (7) by (a) cxposing the algae Chlorelia

b A . - . P - P
to 1“602¢ (b) hydrolyzing the algae (2 cc of wet packed cells containing

75.-m¢) by heating 10 brs at 100° with 200 cc of ‘conc, i1 in an evacuated,

3

scaled tube, (c) inoculating the hydrolysate (after removing the HCY,

andd sterilizing) with an E. coli culture, and (d) obtaining the labeled

DNA from the bacteria by the method of Kirby (8). ¥e obtained Tor this

~

% 9 ( i "::' 3 ol - 4 4 3 3 el 1 .
work 1,98 mp of DNA-14C with a specific activity of 14.2 uc/ing.

e

iydirolysoes 5f the labélcd SNA,'both before and after irradiation,
vere performed as follows: The DNA {in aqueous éolutioh) was first’
’vhydrclyzcd (15 min) to short-chazined pelynucleotides by Lovine pancreas
&coxyribbnucloase (hbréhington'ﬁiocheﬁical Corp., Frochold, N, J.) fol-
lowing the method of Kunitz (8). vVenoﬁ phosprodiesterase Mérthington)
was then added to complete the hydrolysis (2 hrs) to the 5'-aon0nucléo-
tides, fellowing the mcthod of Kocfﬁer and Sinsheimer (10). Fapcr'

chivromategraphy on the hydrolysate was done on Wehtman WNo. 1 paper using

the solvent systems, (1) hftatanol-acetic acid-water (2:1:1, v/v/v) and

3
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~small Pyrex- tubes, which w cre then cv*caqt~
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(2) isopropanol-watcr-lz NOICL (05.6:18.3:16,.6, v/v/v). Péé}tions of
radicactive "pﬁts on chromatoarsﬁE wcr¢ determined by autoradiography
(Kodak "Blue Sensitive'™ Medical Xeray Film), and pesitions of UV-absofbing
compounds (winich includes ailbthc nucleotides, nucleosides, hnd free
ases) were found by placing the papor c}r, wmtogram over & UV luMﬁ
(“fineralight', Ultra-Violct‘Prcducts, San Cabriel, Calif.) in a darkroom.

fAmounts of radioactivity in a c“rohato~raphic spot were dcterm1ne& wixh

All irrzdiations werc done on 38 wg samples (containing 0.5 uc) of

the DNA-3C dissolved in 50 yl of water. The smuples were frozen into

.

and scuicd. In order to
moTe nﬂ"rly approximate in vivo conditions, dissolﬁcd air wes not Temoved
before the tubes were scalcd. The irradiations were carried:out in thﬁ
10 heurie Co00 y-ray so&rce at the\Deﬁartmenﬁ of RadibchcmiStry.

Controls on the LNA-14C prowara«:on were made as follows:

(1) A sample,o{ the unirradiated aend. onhydrolyzed materlul
chromatog;agheﬁ, along with 75 ug of S7-dUMP, using the abo#e‘two solvent
svstems, About 50% of the material_rcmﬁinuﬁlat the chromatographic origin

-

as DNA should aboat 25% was sweared out aslong the isopropanol«liCl
» H I3

L..;

dircctien, and another 25% 4 appeared as distinct spots at various loca-
tions on the chrenatograms, lowover, no trace of radioactivity was
detectable in the carrier deoxyuridylic Spot; v

(2) A saaple cof the Qni‘*' dintod MNA-14C was hydrolyzed by the
deoxyribonuclease-venea vhosyhodi:;ter ase method, Chromatography of

this material (along with carvier, unlabeled 5°-dUMP) showed that only

4 trace (about 1%) of rndi sactivity was left at the origin, Abcut S0%
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At

. .4--'
of 't}x.c total activity appeared iﬁ four m'aljcr spots that were identified
as the fourvnucileotidcs (5% ~adanP, S'-éﬁﬁ’, 5V-dGMP, and S'-d(MP), The
remaining resdioactive spots on the 'Chmmxtoqmms mre}xot identified,

£

fgain, 1o rac‘m'xct:.\h?y wias detectable in the carrier S'-dip
() Two ‘}\’n-l"(. sunples were irradiated at 160 rads, and two at
2 x 10% rads, to scrve as the "irmdiatcd-.Emt-nfxé-tsyérﬁlyzc’d?' controls,
Chromatography of the resultant material gave, on all i”our samples,
chromatograms vcrrf similar to those of the unirradiated and unhydroe-
lyzed DNA-14C,  Again, no radimcﬁivitf ViR s detcctéd in t?;ci spot of
carricr 5'-gUMD that was added after the zrm i itions.,
Two sar mlc-., each of the DA-L4C were irradiated at 1, 2, and.3 x 1.06

b

rads (delivered over 10-30 hrs). These doses were r;noscn because the
‘maximum deamination of frec cytosine was observed in this range (11).
After the irradiations the amples were subjected to the hydrolysis and
éhro:;:zztoﬁn‘apl‘.y described above, All of the resultant mtoz*adiogmﬁhs
DY MOTTC convhc 1ited, by a pro‘fusion of .'épots and by a icss-ef;fcctivc :
DNA aydmwuxs, than were the zydroly zed controls, (The less efficient
Iy Iro‘). s of the irradiated IMA is in accerd with a similar observation

of Shrage (12).) ltowever, in nonz of the six chromatograms was there

detectable radicactivity in the a;hic‘d S-dUMP carrior. The carrier

w

SPOTS were counted under conditions vhere we could detect a conversion-
of 0.1% of the INA 5°=dCHP into 5°-dip, This sets an upper limit to
the amount of deamination of cytosine in int:'.ct DNA that could be taking
place undor the conditions ‘.)f our C\PC“I-“("’Ito. It is probable, there-

fore, that nucleic acid deaminations do not play the role in radiation

*



UCRL-16842 °
-S-
genetics that was suggested by carlicr observations of the radiation

5

deaminations of thc {ree bases,

RICHARD M, LEMON®
pepartment 0f Rediochemistry

University of lielsinki
lielsinki, Finland
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