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Solution Structure of an O6-[4-oxo-4-(3-pyridyl)butyl]guanine adduct in an 11mer DNA duplex: evidence for formation of a base ‘triplex’
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The pyridyloxobutylating agents derived from metabolically activated tobacco-specific nitrosamines 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone and N-nitrosonornicotine can covalently modify guanine bases in DNA at the O6 position. The adduct formed, O6-{4-oxo-4-(3-pyridyl)butyl}guanine ({POB}dG), can result in mutations that can lead to tumor formation, posing a significant cancer risk to humans, especially those exposed to tobacco smoke. We have used a combined NMR-molecular mechanics computational approach to determine the solution structure of the {POB}dG adduct within an 11mer duplex sequence d(CCATATG*GCCC).d(GGGCCATATGG). Although the modified dG* and the POB ligand protons exhibit broad resonances, there is no evidence of conformational exchange on the NMR timescale. The NMR data show that the POB ligand is located in the major groove and centered between the flanking 3’-side dT.dA and 5’-side dG.dC base pairs without disruption of the modified base pair. The aromatic pyridyl ring is not intercalated into the DNA.  The phosphorus data indicate a high degree of distortion in the backbone at the lesion site and up to two base-pairs on either side surrounding the lesion.  In agreement with these NMR results, the modified dG*.dC base pair in the structure is intact, but with two unusual hydrogen bonds present in lieu of the normal Watson-Crick pairing. Since there is no modified guanine imino proton due to the covalent addition of POB at O6, the nitrogen at N1 is free to hydrogen bond to one of its partner dC(NH4) amino protons.  The second hydrogen bond is between one of the dG*(NH2) aminos and dC(N3). The POB pyridyl ring is located in the plane of the modified base pair, pushing the modified pair partially into the minor groove. A hydrogen bond appears to occur between POB carbonyl oxygen and the partner dC’s second amino proton.  The bases of the modified dG*.dC pair along with the POB pyridyl ring form a pseudo triplex via this unusual hydrogen bonding pattern. In order to accommodate the larger aromatic surface area of this ‘triplex’ into the helix, the phosphodiester backbone has to twist at the lesion site, accounting for the unusual phosphorus chemical shifts relative to those for the control DNA duplex. A loss of one hydrogen bond and the large distortion induced in the helix explains the significant decrease of 14.4 oC in melting temperature of the modified duplex relative to the control.  The novel structure presented here provides a detailed view of the types of distortions that can be induced into DNA by an alkylating agent at the O6 position of guanine.  This work was carried out under the auspices of the U.S. DOE by LLNL (W-7405-ENG-48), by ORNL (DEAC0500OR22725) and supported by NIH CA59887

