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            Abstract
DNA polymerase η (Polη) is unique among eukaryotic polymerases in its proficient ability for error-free replication through ultraviolet-induced cyclobutane pyrimidine dimers, and inactivation of Polη (also known as POLH) in humans causes the variant form of xeroderma pigmentosum (XPV). We present the crystal structures of Saccharomyces cerevisiae Polη (also known as RAD30) in ternary complex with a cis-syn thymine-thymine (T-T) dimer and with undamaged DNA. The structures reveal that the ability of Polη to replicate efficiently through the ultraviolet-induced lesion derives from a simple and yet elegant mechanism, wherein the two Ts of the T-T dimer are accommodated in an active site cleft that is much more open than in other polymerases. We also show by structural, biochemical and genetic analysis that the two Ts are maintained in a stable configuration in the active site via interactions with Gln 55, Arg 73 and Met 74. Together, these features define the basis for Polη’s action on ultraviolet-damaged DNA that is crucial in suppressing the mutagenic and carcinogenic consequences of sun exposure, thereby reducing the incidence of skin cancers in humans.
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                        Polη–DNA–dATP ternary complexes.
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Figure 2: 
                        Close-up views of the active site regions.
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Figure 3: 
                        Conformational changes in Polη ternary complex.
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Figure 4: 
                        Comparison between Polη and Polκ.
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        Editorial Summary
DNA polymerase structures
The penetrating radiation from ultraviolet light induces DNA lesions in skin cells that can block DNA replication and cause mutations that develop into cancer. One way in which the body copes with this damage involves specialized DNA polymerases to bypass such lesions. DNA polymerase η (Polη) does this by replicating DNA containing thymine dimers — and inactivation of this enzyme results in a variant of the skin disease xeroderma pigmentosum and a high incidence of skin cancer. Two groups have now determined the crystal structure of Polη. The structures — one of the yeast enzyme and one of the catalytic domain of the human enzyme — show how the bulky thymine dimer is accommodated in an unusually large active site, and how the lesion is stabilized by interactions not found in other polymerases. Missense mutations from xeroderma pigmentosum patients are found to disrupt the polymerase's ability to maintain the damaged DNA in normal B form. In the accompanying News & Views, Suse Broyde and Dinshaw Patel discuss how the structure of Polη compares with those reported for other Y-family DNA polymerases.
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