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            Abstract
DNA glycosylases that remove alkylated and deaminated purine nucleobases are essential DNA repair enzymes that protect the genome, and at the same time confound cancer alkylation therapy, by excising cytotoxic N3-methyladenine bases formed by DNA-targeting anticancer compounds. The basis for glycosylase specificity towards N3- and N7-alkylpurines is believed to result from intrinsic instability of the modified bases and not from direct enzyme functional group chemistry. Here we present crystal structures of the recently discovered Bacillus cereus AlkD glycosylase in complex with DNAs containing alkylated, mismatched and abasic nucleotides. Unlike other glycosylases, AlkD captures the extrahelical lesion in a solvent-exposed orientation, providing an illustration for how hydrolysis of N3- and N7-alkylated bases may be facilitated by increased lifetime out of the DNA helix. The structures and supporting biochemical analysis of base flipping and catalysis reveal how the HEAT repeats of AlkD distort the DNA backbone to detect non-Watsonâ€“Crick base pairs without duplex intercalation.
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                    Figure 1: 
                        Base excision repair of alkylated DNA by AlkD.
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Figure 2: 
                        Crystal structures of AlkD in complex with 3d3mA-DNA and THF-DNA
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Figure 3: 
                        Recognition of DNA damage by AlkD.
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Figure 4: 
                        Excision of 
                        N
                        7- and 
                        O
                        2
                        -pyridyloxobutyl (POB) base adducts by AlkD.
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Figure 5: 
                        Remodelling of a Gâ€¢T wobble base pair by AlkD.
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        Editorial Summary
An alternative DNA-repair mechanism
DNA bases that become alkylated or deaminated are removed by DNA glycosylase repair enzymes. This process protects the integrity of the genome, but can also interfere with cancer alkylation therapy. The DNA glycosylases that have been studied so far use a mechanism in which the modified base inserts into the active site. The structure of the recently discovered DNA glycosylase AlkD has now been determined and a very different mechanism revealed, in which the modified base is extruded in an extrahelical position that enables cleavage of N3- and N7-alkylated bases specifically. Interaction of DNA with AlkD's tandem HEAT repeat domains distorts the DNA backbone so that non-Watsonâ€“Crick base pairs can be detected. The AlkD enzyme is widely distributed in bacteria, archaea, plants and eukaryotes, raising the interesting question of why an alternative mechanism has evolved to eliminate genomic alkylation damage.
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