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A poly (dA, [2- C]dT) copolymer has been synthesized using terminal deoxynucleotidyltransferase. Treatment of the polydeoxyribonucleotide with potassium permanganate converts the thymine residues to urea and Nsubstituted urea derivatives, while the adenine residues are resistant to oxidation. This damaged polymer has been annealed with an equimolar amount of poly (dT) to generate a double-stranded polydeoxyribonucleotide containing scattered fragmented base residues, which are radioactively labeled selectively. On incubation of the latter with crude cell extracts from E. coli, free urea is released by a DNA glycosylase activity. The enzyme has been partly purified, and appears to be different from previously studied DNA glycosylases. It shows a strong preference for a double-stranded substrate, exhibits no cofactor requirement, and has a molecular weight of 20 000 25 000. Since fragmentation of pyrimidine residues is a major type of base lesion introduced in DNA by exposure to ionizing radiation, it seems likely this DNA glycosylase is active in repair of X-ray-induced lesions.



INTRODUCTION Most studies on DNA lesions induced by ionizing radiation have been concerned with the formation and fate of strand breaks. However, radiationinduced base damage in DNA is known to make an important contribution to the mutagenic and lethal effects observed in vivo (1). The characterization of X-ray-induced base alterations has been technically difficult, and consequently the different forms of base damage are not known to the same extent as those obtained by exposure of DNA to ultraviolet light or to simple alkylating agents. It has been shown that pyrimidine residues are more sensitive to ionizing radiation than purine residues, and a major pathway of degradation appears to involve attack of hydroxyl radicals at the 5,6 double



bond of thymine and cytosine, with the generation of unstable hydroperoxides. In the case of thymine, these peroxides are converted to thymine glycol, followed by rupture of the 5,6 bond to generate formylpyruvylurea. The latter unstable derivative is further degraded to yield urea and N-substi-
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Nucleic Acids Research tuted urea derivatives, which largely remain attached to deoxyribose residues in DNA (2). Although it seems likely that such base residue fragments can be removed by a DNA repair process, no enzymes acting on lesions of this type have been described. A problem in preparing DNA substrates for repair enzymes, which may act at base lesions caused by ionizing radiation, has been that extensive chain breakage occurs simultaneously with base damage. Therefore, we have used group specific reagents to produce selectively one (or a few) of several forms of base lesions representative of those caused by ionizing radiation, without the accompanying chain scission. Here, we have employed potassium permanganate to cleave thymine residues into fragments. This reagent oxidizes thymine, cytosine, and guanine in DNA to urea and N-substituted urea residues which remain bound to deoxyribose; adenine residues appear resistant to degradation (3,4). In order to obtain a high-molecular weight polydeoxyribonucleotide radioactively labeled in fragmented base residues, a poly (dA) polymer containing a few scattered [2- 14C]dT residues was synthesized and then treated with potassium permanganate. This polymer, after addition of a complementary strand to generate a double helical structure, served as substrate for a previously unrecognized DNA glycosylase, which catalyzed the release of free urea residues from the polymer by cleavage of the urea-deoxyribose bonds. Current knowledge of the pathway of degradation of DNA thymine residues by potassium permanganate is summarized in Fig. 1. MATERIALS AND METHODS Synthesis of polydeoxyribonucleotides.



Polymers were synthesized using terminal alf thymus deoxynucleotidyltransferase (6). The reaction mixture (1 ml) for synthesis of a poly (dA,[2- 4C]dL)copolymer of random sequence contained 40 mM potassium cacodylate, pH 6.8/40 mM KCl/l mM CoCl2/l mM dATP/20 jiM [2- C]dTTP (49 vCi/Pmole)/5 PM oligo-(dN)4/60 units terminal transferase. After 16 hr at 35 0 , the reaction was stopped by addition of 10 il 0.2 M Na2EDTA, 100 il 5 M NaCl, and 2.2 ml cold ethanol. Nonradioactive poly (dT) was synthesized in the same way in a reaction mixture containing 1 mM dTTP. The poly (dA,[2- C]dT) polymer was dissolved in 0.2 ml 0.1 M NaHCO3L NaOH, pH 9.0, and dialysed against this buffer. Under the conditions used, 60 % incorporation of dT and 35 % of dA into polymeric material was obtained as estimated from radioactivity and A260 measurements. Thus, the copolymer apparently contained 96-97 % dA and 3-4 % dT residues.
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