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Abstract. 5-Bromo-2'-deoxyuridlne-2-14C was prepared from 5-bromouraefl-2-x4C and 2'-do- 
oxyguanosine using trans-N-deoxyribosylase from Lactobaeillu8 helvetieus and incorporated into 
DNA of Allium cepa roots. After isolating the DNA and hydrolyzing it e~ymatically to de- 
oxynucleoside-5'-phosphates a radioactive nueleotide was detected which yielded 5-bromo- 
-2'-deoxyuridine-2-14C on enzymatic dephosphorylation. The incorporation of 5-iodo-2'-deoxy- 
uridine-2-14C was followed only by microautoradiography. 

Uracil derivatives halogenated in the 5 position are incorporated into nucleic 
acids of various organisms. The incorporation of 5-bromouracil into deoxy- 
ribonucleic acid (DNA) of bacteriophage was demonstrated in 1954 ( D u ~ ,  
SMITH 1954); it is known tha t  5-chloro, 5-bromo and 5-iodouracil are 
incorporated into bacterial DNA (ZAHENHOF, REINEd, DeGIOVA~I, RICH 1956) 
and their 2'-deoxyribosides into animal cell DNA (PRuSOFF 1959, EID~NOFF, 
CHEONG, RICK 1959, E~ICKSON, SZYBALSKI 1961). The incorporation of such 
halogenated bases into DNA can result e.g. in genetic mutations (F~EESE 
1959) and in sensitization of cells to the effect of ionizing and ultraviolet rad- 
iation (ERICKSON, SZYBALSKI 1961, KAPLA~, SMITH, TOHLIN 1961.) 

Metabolism of halogenated uracil derivatives has not been studied for a long 
time on plant material. No incorporation of 5-bromouracil as the base applied 
by infiltration could be demonstrated in the DNA of C u c u m i s  sa t i vus  ( ~ E -  
B~STA, BAU~.~OVs SO.H, SORHOVs 1960). In the course of this work a paper 
appeared (SHITS, KVG~LH~, COmW~RFORD, SZ~ALSXI 1963) dealing with the 
incorporation of 5-iodo-2'-deoxyuridine into the DNA of Vic ia  f a b a .  
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Fig. 1. Microautoradiography of cells from the root meristem of germinat ing seeds of Allium 
cepa. Stained with Feulgen's nucleal reaction. 

Fig. 2. Photorepr int  in UV light of the chromatograra of enzymatic DNA hydrolyzate with  
incorporated 5-bromo-2'-deoxyuridine-2-1aC. Separated in isobutyrie acid-amInoaia- 
water. Radioactive zone I: 5-bromo-2'-deoxyuridine-5'-phosphate-2-14C. UV-absorbing 
zones: 1 deoxyguanylic acid, 2 deoxythymidylic acid, 3 deoxycytidylic acid, 4 deoxy- 
adenylic acid. Direction of chromatographic separation is indicated by  the arrow. The 
graphical record corresponds to radioactivity.  
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Fig. 3. Chromatographle separatio~ of 5-bromo-2'-deoxyuridhle-5'-phosphate-2-14C (I) from 
dcoxyguanylie acid. Separated in isopropanol.water (7 : 3). 

Fig. 4. Chromatography of 5-bromo-2"-deoxyuridine-2-x4C (Ih) formed by enzymatic dephospho- 
rylation of the nucleotide (I in Fig. 3) and standards of 5-bromo-2'-deoxyuridine (1) 
and 2'-deoxyuridine (2). 
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The present communication presents experimental evidence about the 
incorporation of radioactive bromodeoxyuridine and iododeoxyuridine into 
the DNA of Allium cepa roots. 

Material, Methods and Results 

Preparat ion of reagents. 5-Bromo-2'-deoxyuridine-2-1aC was prepared by enzymatic deoxy- 
ribosylation of 5-bromouracil-2-14C using trans-N-deoxyribosylase isolated from Lactobacillus 
hslveticus (KX~A, ~o~M 1963). 5-Bromouracil-2-1aC (100 /~C, 1.9 rag.) and 2'-deoxyguanosine 
(2 nag.) were dissolved in 1.1 ml. distilled water and 0.1 nal. 1 M glycylglycine buffer of pH 7.4 
and 1.5 nal. of the trans-N-deoxyribosylase (12 nag. protein) added. The mixture was incubated 
at  37~ for 18 h. Deproteinizatien was carried out by adding excess ethanol (7 volumes) and the 
precipitated protein centrifuged. The supernatant  was evaporated under an IR lamp to 0.5 ml. 
and resolved by chromatography on Whatnaan no. 1 paper inbutanel-acetic acid-water (71 : 7 : 22). 
5-Bronaouracil-2-1aC and 5-bronao-2'-deoxyuridine-2-14C which have similar R F values in the 
solvent system used were cut out from the paper and rechromatographed in isopropanol-water 
(7 : 3). In  this system the two substances were well separated (I~ F of bromouracil is 0.65, tha t  
of 5-bromo-2'-deoxyuridine 0.73). 5-Bromo-2'- deoxyuridine-2J4C was identified on the chromato- 
gram according to its UV absorption, its radioactivity and by estinaatlng deoxyribose (BV- 
CHX~A~ 1951). The yield of 5-hronao-2'-deoxyuridine-2-1aC anaounted to about 10% of the total 
radioactivity of 5-bronaouracil-2-1aC. 

5-Iodo-2'-deoxyuridine-2-1aC was prepared by iodination of deoxyuridine-2-14C (KXtu~, ~o~M 
1963) according to PRUSOFF (1960). 

I n c o r p o r a t i o n  o f  5 - i o d o -  2 ' - d e o x y u r i d i n e .  The germinating seeds of onion 
(cultivar Vw were placed on the bot tom of a flask 2 cna in diameter and containing 
5-iodo-2'-deoxyuridine-2-14C of total activity amounting to 516 000 counts/mln. The incubation 
lasted for 24 h. at  room temperature.  The root tips were ~xed by a mixture of ethanol and acetic 
acid (3 : 1) and embedded in paraffin. Microscopic sections 5/~ in thickness were then prepared. 
After removing the paraffin the preparations were hydrolyzed for 10 rain. at  60~ in 1N-HC1 
and stained with the Feulgcn nucleal reaction. After washing in sulphite and distilled water the 
preparations were covered with a film stripped off the KODAK AR 10 plates and exposed for 
1 month.  A 1 : l0 diluted ]~odinal developer was used for developing the preparations. 

As shown in Fig. 1 the radioactivity is selectively accumulated in cell nuclei. 
Mitotic activity ceased during the experiment so that  the photograph shows 
only interphase nuclei. 

I n c o r p o r a t i o n  o f  5 - b r o m o - 2 ' - d e o x y u r i d i n e .  A solution of 5-bromo-2'- 
deoxyuridine-2-1aC (840 000 counts/min./ml.) was divided into two flasks of 3.5 ml. volume~ onto 
which two peeled onions about 1.5 cm. in diameter were placed. The onion roots grew in the 
solution of radioactive bromodeoxyuridine which was daily made up with water to the original 
volume. Incubation took place in the light and at room tenaperature. After 6 days the roots were 
severed (2.1 g.), combined with roots growing in water alone (8 g.) and DNA isolated by a modi- 
fication of the method of DOSXOSIL (1963). 

Preparat ion of DNA. The roots were homogenized in acetone prccooled with solid carbon 
dioxide to --60~ The homogenate was centrifuged at  3000 r.p.m, for 5 rain. and the sediment 
washed three times with cold acetone. After drying in air it was suspended in 15 ml. 0.15M NaC1 
and 0.1M ethylenediamine tetraacetic acid (the pH of the solution was previously adjusted with 
N a O ~  to 8.5). The suspension was stirred with 1.5 ml. dodecyl sulphate (5% in 45% ethanol) 
for 3 h. Sodium chloride was then added to a 1M concentration and the suspension centrifuged 
at  15 000 r.p.m, for 30 rain. The supernatant  was precipitated with alcohol, the precipitate 
centrifuged, dissolved in 15 ml. 0.15M NaC1 with 0.15M sodium citrate and again mixed with 
dodecyl sulphate and stirred for 3 h. After making up the concentration of sodium chloride te  
1M and centrifuging the supernatant  was precipitated with ethanol, fibrous DlqA coiled on a. glass 
red was dissolved in 5 nal. 1.15M :NaC1 with 0.015M sodium citrate. The admixture of ribonuclele 
acid was removed by digestion with ribonuclcase (MAn~v~ 1961). 

Hydrolysis of DNA. D:NA was hydrelyzed to the deoxyaucleotides with pancreatic deoxy- 
rtbonuclease and snake phesphodiesterase. For this reason the DNA was precipitated with ethanol 
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a~ter hydrolysis wi th  ribonuclease and  dissolved in 2 ml. 0.01M tris-HCl buffer (pH 7.4) and  
0.1 ml. 0.15M MgSO, added. The cleavage was effected by  adding 1 rag. deoxyribonucloaso a t  
37~ for 2 h. After  this incubat ion the  solution was hea ted  for 1 rain. to 100~ and  after  adding 
0.2 ml. 1M tris-HCl buffer of p H  8.5 and  1 ml. (0.8 rag.) phosphodiesterase (of Russel 's viper 
venom) (Hv~sT, BVTT.ER 1951) incubated for 18. h. a t  37~ After  incubat ion the  mixture  was 
placed directly wi thout  previous deproteinization on W h a t m a n  no. 1. 

Separat ion of dcoxyribonucleotides. Deoxyribonucleotides were separated chromatographic-  
ally for 24 h. in isobutyric acid-ammonia-water  (66 : 1.5 : 33) (MAGASA~m, VISC~ER, DONIOER, 
ELSON, CHAROAFF 1950) and  the radioact ivi ty  on the  chromatogram assayed on  an  automat ic  
scaler. Radioact iv i ty  counts were superimposed into the  copy of the  chromatogram obtained 
in  UV light (Fig. 2). 

Radioactivity was found in two zones (I and II) absorbing in UV light. Zone 
I had the same R~ in the given solvent system as deoxyguanylic acid, zone I I  
coincided with deoxyadenylic acid. After reehromatography of zone I in iso- 
propanol-water (7 : 3) a radioactive zone separated from the zone of deoxy- 
guanylic acid, displaying no UV absorption apparently on account of its small 
concentration (:Fig. 3). Since no standard of 5-bromo-2'-deoxyuridylie acid was 
at  our disposal the radioactive nueleotide (zone I) was hydrolyzed by 5'-nucleo- 
tidase from Russel's viper venom. The radioactive deoxyriboside formed 
had the same RF value in butanol-acetie acid-water (71 : 7 : 22) as did 5-bromo- 
deoxyuridine (:Fig. 4). Similarly, 5-bromodeoxyuridine (zone II,  Fig. 2) 
separated in this system from deoxyadenylic acid, the 5-bromo derivative 
having been formed apparently by an admixture of 5'-nucleotidase in the 
phosphodiesterase preparation. 

Diseussior 

I t  follows from the analysis of DNA that  the radioactive deoxynueleotide in 
the enzymatic hydrolyzate (zone I, Fig. 2) is identical with 5-bromo-2'-deoxy- 
uridine-5'-phosphate formed from the administered 5-bromo-2'-deoxyuridine- 
2-14C. Similarly 5-iodo-2'-deoxyuridine-2-14C is incorporated into cell nuclei 
as shown by the results of microautoradiography in agreement with the results 
obtained by S~ITH, KUGELMAN and CO~MERFORD (1963). According to thes~ 
authors 5-iododeoxyuridine replaced as much as 20% thymidine in the DNA 
of Vicia faba. In  view of the small amount of material in our experiments it 
was not possible to evaluate quantitatively the percentage of incorporated 
analogues in DNA. I t  follows from the results that  5-bromo-2'-deoxyuridine is 
incorporated into plant DNA in measurable quantities while incorporation of 
5-bromouracil into plant DNA could not be demonstrated even qualitatively. 
I t  is possible that  5-bromouraeil is mostly catabolized by plant cells ( ~EBESTA, 
BAV~.ROVk, ~OR~, SoRMovk 1960) while 5-bromo-2'-deoxyuridine is phosphory- 
lated by the kinases to 5-bromo-2'-deoxyuridine-5'-triphosphate which can 
be polymerized during DNA synthesis (B~.ssMAN, L~HMA~, ADLER, Zr~MSR- 
MAN, SI~_~s, KOR~-~ERG 1958). 

References 

BESSMAN, iV[. J., LEKIW.A.N, ~[. R., ADLER, J., ZIM~ERI~A.N, S. B., SI~MS, E. S., KOR~mERG, A. 
Enzymic synthesis of deoxyribonucleic acid. III. The incorporation of pyrlmidine and purine 
analogues into deoxyribonucleic acid. -- Prec. Natl. Acad. Sci, 44 : 633--640, 1958. 



5-BROMO-2"-DEOXYURIDINE-2-~aC AND OF 5-IODO-2'-DEOXYURIDINE-2- ~t 235 

BuchAnAn, J. G.: Detection of deoxyribonucleosides on paper chromatograms. --  Nature 
168 : 1091, 1951. 

Dosxo~I~, J.:  Personal communication. 
DUNN, D. B., S~ITH, J .  D.: Incorporation of halogenated pyrimidlnes into the deoxyribonucleic 

acids of Bacterium coli mad its bacteriophages. --  Nature 174 : 305--306, 1954. 
ER~KSON, 1~. L., SZYBAI, S~'I, W.: Molecular radiobiology of human cell lines. I. Comparative 

sensitivity to X-rays and ultraviolet light of ceils containing halogen-substituted DNA. --  
Biochem. Biophys. Res. Comm. 4 : 258--261, 1961. 

F~ESS~., E.: The specific mutagen~c effect of base analogues on phage T4. --  J .  Mol. BioL 1 : 87 
to 105, 1959. 

Hvr~ST, R. O., BUTLER, G. C.: The chromatographic separation of phosphatases in snake venoms. 
- -  J.  Biol. Chem. 193 : 91--96, 1951. 

K ~ P ~ ,  H. S., S~rr~,  K. C., T o ~ I ~ ,  P.: Radiosen~itization of E.  coli by purine and pyrimidine 
analogues incorporated in deoxyribonucleic acid. - -  Nature 190 : 794--796, 1961. 

KX~x, J. ,  ~ o ~ ,  F.: Study of the substrate specificity of dcoxynucleoside phosphokinases. 
Phosphorylation of aH-thymidine, 6-azathymidine, deoxyuridine, 6-azadeoxyuridine and 
5-hydroxymethyldeoxyuridine labelled with xaC, by enzymes from normal and malignant 
tissues in vitro. -- Collection Czechosl. Chem. Commtm. 28 : 1441--1448, 1963. 

MA~ASANIK, B., VISOrEd, E.,  DONmER, tr ELSON, D., C~L~ROA~, E.: The separation and 
estimation of ribonucleotides in minute quantities. --  J. Biol. Chem. 166 : 37--50, 1950. 

MA~Mu~, J.:  A procedure for the isolation of deoxyribonucleic acid from microorganisms. --  
J .  Biol. Chem. 3 : 208--218, 1961. 

PRUSOFF, W. H.: Incorporation of iododeoxyuridine, an analogue of thymidine, into mammalian 
deoxyribonucleic acid. -- Fed. Prec. 16 : 305, 1959. 

PI~SOFF, W. H.: Incorporation of iododeoxyuridine into the deoxyribonucleic acid of mouse 
Ehrlich-ascites tumor cells in r ive .  -- Biochim. et Biophys. Acta 39 : 327--331, 1960. 

S~Ir~,  H. H., K v G ~ . ~ s ,  B. H., CO~MERFORD, S. L., SZYB~.S~I, W.: Incorporation of 5-iodo- 
deoxyuridine into DNA of plant cells. --  Prec. Natl. Acad. Sci. 49 : 451 --457, 1963. 

~EBESTA, K., BAUEROV.~, J. ,  ~ORM, F., ~ORMOV~, Z.: Transformations of uracil analogues in 
cucumber seedlings. --  Collection Czechosl. Chem. Commun. 25 : 2899--2905, 1960. 

ZAMEI~HOF, S., REINER, B., DeGIovA~I, R., RICH, K.: Introduction of unnatural  pyrimidines 
into deoxyribonucleic acid of Escherichia coil  -- J .  Biol. Chem. 219 : 165--173, 1956. 

V. Fu~iK, J.  I~R,~, I~stav organiek6 chemic a bioehemie, ~eskoslovenskg~ akademle vfid, 
Praha: Enzymatlekti synt6za 5-bromo-2'-desoxyuridinu-2-~C a 5-jodo-2'-desoxyurldinu-2-~C 
a | e l i c h  lnkorporace  do desoxyr lbonukleov6  k y s e l i n y  Al l ium vepa. - -  Biol. Plant.  6 : 232--235, 
1964. 

5-Brom-2'-desoxyuridin-2-~C byl pHpraven z 5-bromuracflu-2-~C a 2'-desoxyguunosinu za 
pou~iti tra~-BLdesoxyribosylAzy z Lactobacillus helveticus a inkorporovAn do DNK v ko~eneeh 
AUium cepa. Po izolaci DNK a jeji enzymov6 hydrol~ze na desoxynukleosid-5'-fosf~ty byl 
zjiittitn radioaktivai nukleotid, jeho~ enzymovou defosforylaci byl ziskAn 5-bromo-2'-desoxy- 
uridia-2-~aC. In~orporaco 5-jodo-2'-desoxyuridinu-2-~aC byla sledovs pouze mikroautoradio. 
g ra~ .  

B. q~yqrIK, H. I~APA, I/IHCTIITyT opraHa~ecKofi XHM~ ~ @OX~MHH tICAH, IIpara:  
DHaHMaTH~IeC~Hii CHHTe3 5-fipOM-2'-~leaoICcnyprI~rlHa-2-14C H 5-fiO~-2'-~eaoICCHypH~nHa- 
2-14C H HX HHKOpllopallHfi B )leaoI~CHpH6OHyK~IeHHoByIO gnC:IOTy A l l i a m  cepa L. - -  Biol. 
P lan t .  6 : 232--235, t964. 

5-5p0M-2'-aeaoKcnypH~nH-2-14C npnroTou~eH 1~a 5-SpoMypaarr~a-2-14C ~ 2'-aeaoKcH- 
ryanoa~na  c ncno:ibaoBanrreM Tpaac-N-~e3oKcHpnSoaH~aarz Ha Lactobacil lus helveticus 
H nHi~opnopHpoBa~ n ]~HI~ B Kop~ax A l l i u m  cepa. Hocae ~aoaa~rr~ ~HI~ ~ ee aHa~MaT~- 
qecHoro r r ~ p o a n s a  ~a ~eaoI~CHHyK:IeosI~-5'-~OC~)aTu ycTauovaeH p a ~ H o a U T H ~ f i  ny-  
uaeoTn~, anaH~aTr~qec~ofi ~e~oc~opr~nunef i  ~OTOpOro noayqeu 5-6pOM-2'-3eao~cr~ypH- 
~nm2-~4C. Hmcopnopamm 5-f io3-2 ' -~eso~cr~ypn~a-2- t*C r~ayqaaacs nyTe~ urmpoanTo- 
pa~norpa~nm 


