Demystifying UV light damage

Byemployingmoleculardynamicssimulations,anOhioState University
researcher is investigating how DNA is damaged by ultraviolet (UV) light.

ThemosttypicaltypeofdamagecreatedbyUVlightradiationisthecyclobu-
tane pyrimidine dimer (CPD). CPDs interfere with normal cell processing of
DNA, which canleadtomutationsthat cause diseasessuchascancer.Recent
studies have shown thatittakes less thanapicosecond, or one-trillionth ofa
second, forUVlighttodamagetwo specificadjacentbases of DNA, thymine-
thymine, and create a CPD.

“Because we know the cell’s DNA is dynamic, and motions such as helix
bendingorstackingandunstackingofbasesoccurrelativelyslowly,wesuspected
CPDsformonlywhentheadjacentpyrimidinebasesofDNAarefavorablyaligned
fordimerizationwhenexcitedbyphotons,’saidYuKayLaw,agraduateresearch
associateinbiophysicsatOhioState.”Simulatingthemovementsof DNAbases
using supercomputers will clarify how CPDs are formed.”

Lawandhisadvisor,professorBernKohler,Ph.D.,verifiedthishypothesisby
usingmoleculardynamicsimulationstomodelconformationalchangesofthymi-
dylyl-thymidineinwaterandwithvariousorganicco-solvents,computingateach
timestepthedistancebetweenthetwoC5=C6doublebondsandtheirimproper
torsion angle.

Thetwoparameterswereusedtofindthereactiveconformations,which
thenwereusedtodeterminethestructureofthedimerprecursor.Thisstructure,
determinedfrommoleculardynamicssimulations,hasmanysimilaritieswiththe
structureofactual CPDsdeterminedfromexperimentsusingnuclearmagnetic
resonanceandX-raycrystallography.Thesimulationshaverevealedthemotions
thatmakeDNAvulnerabletodamage,andhelptoexplainwhyCPDsareformed
more readily at certain sequences.

“Conventionalexperimentalmeanscan’tbeusedwheninvestigatingareac-
tionthatoccurssoquickly,'Lawsaid.”WithaccesstoOSC'sP4andltaniumclus-
ters,wecouldsimulatethesecomputation-intensivereactionsandconductstatis-
tical sampling on a variety of structures.”
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