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Summary: Kapurimycln A3 (kap A3. 1 ), an antitumour antlblotic, alkylatcs N7 of guaninez (C2) 
and G4 of d(ClGZC3G4)2 to produce their covalent adducts 2 (64 %;I and 3 (7.0 %), respectively. 

Heating at 90 OC for 5 min degraded both adducts to kap A3 - G adduct (5) with the concurrent 
release of their respective abasic-site containing oligomers 4 and 6. 

Current interest in molecules that induce alkylation of DNA and their mechanisms of DNA 

damage has prompted numerous studies of antitumour antibiotics, Including mitomycin Cl, 

anthramycin*, CC-106S3 and duocarmycin A.4 Recently, kapurimycin A3 (kap A3, 1). isolated 

from Streptomyces sp. DO-115, was found to exhibit cytotoxic activity and its epoxidc ring has 

been suggested to alkylate guanine residue of DNA.5 We now report the detailed chemistry of 

kapurimycin-induced DNA cleavage by reacting this antibiotic with a self-complementary 

deoxytetranucleotide d(CGCG)2.6 

0 
1 :R= ,Hs+,Hs 

OH 

AC0 COOH la * R = CH, 3 

The reaction mixture containing 1 and d(CGCG)Z in neutral pH was incubated at 0 “C Pro&ress 

of reaction was monitored by reversed phase HPLC. Figure la shows that major (2) and minor (3) 

products were formed at 10.1 min and 11.2 min. respectively, after S h reaction. When detcctcd at 

380 nm, they remained as reduced peaks due to the antibiotic chromophore, suggesting that they 

may be the alkylated adducts Upon heating at 90 “C for 5 min (neutral pH), 2 was completely 

degraded to 4 (5.3 min) and 5 (15.2 min) (Figure lb). Similarly, 3 produced two degraded products 

6 (5.5 min) and 5. The structure of 5 was deduced as kap A3-guanine adduct on the basis of 

comigration with the product isolated from reaction of calf thymus DNA and 1 .5 Heating also 

caused the rapid decomposition of 1 to its 14,16-dihydroxy derivative (1 a)” at 16.0 min. Products 4 

and 6 were not detected at 380 nm, suggesting that they may be the modified oligomers. 
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‘t’reatmcnt of 4 with 0.2 M NaOH at 90 ‘C for 5 min, followed by dephasphorylatian with alkalinc 

phosphatasc (A.P.) produced d(CGC). Thus 4 was a modified oligorner containing an abasic site at 

G4 of d(ClGzCjGq)z (Scheme 1). Reduction of 4 with NaBH4 and following trcatmcnt with snake 

venom phosphodiesterase (s.Y. PDE) and A.P. at 37 “C for 2 h produced on HPLC dC and dG in a 1:l 

ratio, togcthcr with product 7 which comigratcd with the authentic sample.7 Similar reactions of 

6 idcntificd the modified oligomcr structure at G2 of d(CtGzC304)2. Quantitative analysis indicated 

that alkylation of the oligonucleotide was maximum after 40 h with the formation of 2 (64 %) and 

3 (7 %) (Figure 2). Approximately 91 % of 1 had been consumed with the efficiency of oligomcr 

alkylation being 88 %. Alkylation at G4 of d(CtG2C3G4)2 by 1 has a first-order kinetic with a rate 

constant of k = 9.4 x 10-h s-1 at 0 “C. whereas that at G2 was 1.0 x 10e6 s-1. Adduct 2 was fairly 

stable at 0 ‘C with tt/2 of 244 h.* 
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Figure 1. HPLC analysis of the reaction of 1 with d(CGCG)2. The reaction mixture, incubated at 0 
OC for 5 h, was analyzed (a) d irectly and (b) after heating at 90 “C for 5 min. Analysis was on a 
Cosmosil 5 Cfg column (4.6 x 150 mm). Elution was with 0.05 M ammonium formatc, 0 - 50 % 
acetonitrile linear gradient (20 min), at a flow rate of 1.5 mL/min. Dctcction was at 254 nm 
(lower) and 380 nm (upper) as shown. 
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Preliminary evidence for the alkylation of DNA guanine base by 1 was obtained from SlMS 

data of 5 and the NMR chemical shifts of H-8 and C-5 from the guanine moiety.5 However, the 

evidence for the position of guanine alkylation was lacking. Therefore, methylation of 5 was 

conducted in order to provide evidence of the guanine alkylation site. Treatment of 5 with 

dimethyl sulphate in N,N-dimethylacetamide afforded two methylated adducts9>10 Whcu 

hydrolyzed with perchloric acid, they yielded N9- and N3-methylguanines. These results 

provided strong evidence that the N3 of guanine in d(CGCG)z is not alkylated by 1. Attachment at 

C-8 is ruled out by the presence of a one-proton singlet at 8.08 ppm in the NMR of kap A3 G 

adduct. Alkylation at N2 of guanine by anthramycin and mitomycin C is known to produce 

stable adducts without following extensive depurination and DNA damage.l 1 Hitherto, no 

antitumour antibiotic has been reported to alkylate Nl or 06 of guanine, except for some 

alkylating reagents such as diazoalkanes and alkyl iodides, where such al kyl ations proceeded 

more favourably under alkaline rather than neutral conditions.12 Nl- and Oh-alkylated products 

were usually more stable to heat and acid-catalysed hydrolysis,l* in contrast to the marked 

instability exhibited by the N7-alkylated dertvative.9,12,13 In addition, N7 of guanine has been 

shown to be the most reactive site of nucleic acids towards alkylating agents under neutral 

aqueous conditions.t*>‘3 The isolation of N9-methylguanine and the absence of any detectable 

N7-alkylation product, therefore, further support that 1 was attached to N7 of guanine residue. 
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In conclusion, the present study provides evidence that 1 alkylates DNA at N7 of guanine to 

produce a thermolabile adduct which could undergo dcpurination to produce a more stable kap 

A3-guanine adduct, together with the formation of its abasic site-containing oligomer. This 

pathway of DNA damage may partly explain the mechanism of the antitumour action of 1. 
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