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Through electron tunneling, photolyase, a photoenzynstpres damaged DNA into normal badBsHere, we report our systematic
characterization and analyses of three electron transfeegses in thymine dimer restoration by following the rentiynamical evolu-
tion during enzymatic repair with femtosecond resolutivve observed the complete dynamics of the reactants, athietdiates and
final products, and determined their reaction time scalesndJ(deoxy)uracil and thymine as dimer substrates, we biguously de-
termined the electron tunneling pathways for the forwaet&bn transfer to initiate repairing and for the final etentreturn to restore
the active cofactor and complete the repair photocycleniagntly, we found that the adenine moiety of the unusuat loefactor is
essential to mediating all electron transfer dynamicsughoa super-exchange mechanism, leading to a delicatedeatditime scales.
The active-site structural integrity, unique electronrteling pathways and the critical role of adenine assureetbsmentary dynamics
in synergy in this complex photorepair machinery to achigsemaximum repair efficiency close to unity.
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