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Quantitative measurements and controlled designs of firefly bioluminescence with
genetic bio-technology
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We studied quantum yields, spectra, and their dependences on temperatures and
solvents, on luciferin-luciferase reactions in firefly bioluminescence, by using biosynthetic mutant
luciferase enzyme, where charges, polarity, and hydrophobicity/ hydrophilicity of amino acid residues
surrounding oxyluciferin are modified. We also measured quantum yields of biosynthetic mutant
photo-protein (aequorin) in jellyfish bioluminescence, by revising our quantitative spectrometer to cover
400 nm blue region. Theoretical analyses via time-dependent density-functional calculations,
first-pginciple calculations, and molecular dynamics calculations including water and protein molecules
were made.
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