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            Abstract
How living systems detect the presence of genotoxic damage embedded in a million-fold excess of undamaged DNA is an unresolved question in biology. Here we have captured and structurally elucidated a base-excision DNA repair enzyme, MutM, at the stage of initial encounter with a damaged nucleobase, 8-oxoguanine (oxoG), nested within a DNA duplex. Three structures of intrahelical oxoG-encounter complexes are compared with sequence-matched structures containing a normal G base in place of an oxoG lesion. Although the proteinâ€“DNA interfaces in the matched complexes differ by only two atomsâ€”those that distinguish oxoG from Gâ€”their pronounced structural differences indicate that MutM can detect a lesion in DNA even at the earliest stages of encounter. All-atom computer simulations show the pathway by which encounter of the enzyme with the lesion causes extrusion from the DNA duplex, and they elucidate the critical free energy difference between oxoG and G along the extrusion pathway.
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                    Figure 1: 
                        Generation and recognition of 8-oxoguanine.
                      


Figure 2: 
                        Helix-penetration by MutM residues.
                      


Figure 3: 
                        OxoG-dependent local DNA structure alterations at the site of the target base in EC3 and EC5.
                      


Figure 4: 
                        Free energy profiles of nucleobase extrusion imply active participation of MutM.
                      


Figure 5: 
                        R112-catalysed oxoG extrusion.
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        Editorial Summary
First steps in DNA repair
Repair of DNA damage requires first that the lesion be detected in an excess of undamaged DNA. The bacterial MutM/eukaryotic OGG1 DNA glycosylase is responsible for recognizing 8-oxoguanosine (which differs by only two atoms from guanosine) and excising the damaged base. In work combining structural biology and computational modelling, the Verdine and Karplus labs describe a series of snapshots of the initial encounter between the protein and either normal or damaged DNA, and define the pathway by which this interaction results in expulsion of the damaged base out of the DNA helix, and into the catalytic pocket of the enzyme.
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