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Correlation between the fluorescence lifetime and the local environment of the
chromophore: Universal nature to fluorescent proteins from the jellyfish
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The role of various fluorescent proteins (FPs) developed as “ optical
highlighters” 1is of importance in the fields of cell and molecular biology. It is essential to
understand the fluorescence mechanisms of FPs. However, a general fundamental mechanism that
applies to all FPs has not been clarified. We have investigated fluorescence mechanism of FPs to
answer the fundamental question of why fluorescent proteins are fluorescent. Previously, we found
that fluorescence lifetimes of enhanced yellow fluorescent protein (eYFP) and its 19 different Y145
mutants are largely different. If we can understand why only one amino acid makes it not fluoresce,
we can understand why fluorescent proteins fluoresce. In this study, we found by time-resolved
fluorescence lifetime measurements and X-ray crystallography that the rigidity and flexibility
around the chromophore determine the fluorescence lifetime.
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Figure 1. Plots of fluorescence
lifetime of Y145 mutants of (a)
eGFP and (b) eYFP as a function
of amino acid side chain volume.
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Table 1. Results of crystal structure determination.
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Figure 3. Superposition of 3D structures of eYFP and sixteen
Y145 variants (left) and eGFP (2y0g.pdb) and eleven Y145
mutants (right).

Figure 4. Hydrogen bond network of eYFP.
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