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            Abstract
How DNA repair proteins distinguish between the rare sites of damage and the vast expanse of normal DNA is poorly understood. Recognizing the mutagenic lesion 8-oxoguanine (oxoG) represents an especially formidable challenge, because this oxidized nucleobase differs by only two atoms from its normal counterpart, guanine (G). Here we report the use of a covalent trapping strategy to capture a human oxoG repair protein, 8-oxoguanine DNA glycosylase I (hOGG1), in the act of interrogating normal DNA. The X-ray structure of the trapped complex features a target G nucleobase extruded from the DNA helix but denied insertion into the lesion recognition pocket of the enzyme. Free energy difference calculations show that both attractive and repulsive interactions have an important role in the preferential binding of oxoG compared with G to the active site. The structure reveals a remarkably effective gate-keeping strategy for lesion discrimination and suggests a mechanism for oxoG insertion into the hOGG1 active site.
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                    Figure 1: Generation of 8-oxoguanine (oxoG), its recognition by human 8-oxoguanine DNA glycosylase (hOGG1) and overview of the structure-based trapping strategy used here to obtain a complex of hOGG1 bound to undamaged DNA.[image: ]


Figure 2: Comparison of the overall structures of trapped complexes obtained with oxoG-containing (left) or G-containing (right) DNA.[image: ]


Figure 3: View of the active site region of hOGG1â€“DNA complexes, showing extra-helical nucleobases bound to either the lesion recognition pocket or the alternative site.[image: ]


Figure 4: Computational analysis of the binding free energy difference between oxoG and G.[image: ]


Figure 5: Superposition of the oxoG complex with the G complex in the region around the proteinâ€“DNA interface.[image: ]
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Oxidative DNA damage is thought to be involved in tumorigenesis, and specifically the enzyme â€˜hOGG1â€™ that identifies 8-oxoguanine (differing in just two atoms from normal guanine) has been linked to lung and possibly kidney cancer. A structural study in which hOGG1 (8-oxoguanine DNA glycosylase I) was trapped in the act of testing normal DNA for defects shows how it performs the essential gate-keeping role. Surprisingly, the guanine residue is not inserted into the lesion-recognition pocket, but is located at an alternative extrahelical site. This helps explain how DNA repair proteins can locate lesions embedded in a vast excess of normal DNA and can remove nucleosides from the DNA helix without damaging normal bases.
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