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Abstract of Thesis

GFP-like chromoproteins (CPs) with non-fluorescence ability have been used as bioimaging probes. Existing
CPs have blanks in the optical absorbing window, which limiting their extensibility. To cope with this
situation CPs with new color are required. Previously, Nagai laboratory cloned CPs from the jellyfish,
Olindias formosa, and developed a completely non-fluorescent monomeric red CP, R-Velour, with an
absorption peak at 528 nm. To analyze the photophysical properties from a structural aspect, I determined the
crystal structure of R-Velour at a 2.1 A resolution. R-Velour has a trans-chromophore similar to Gamillus, a
green fluorescence protein (GFP) derived from the same jellyfish. However, in contrast to the two coplanar
chromophoric rings in Gamillus, R-Velour has a large torsion inducing non-fluorescence property. Through
site-directed mutagenesis, I surveyed residues surrounding the chromophore and found a key residue, Ser155,
which contributes to the generation of four-color variants with the bathochromic and hypsochromic shift of the
absorption peak, ranging from 506 to 554 nm. Based on the recently proposed spectrum shift theory, I
explained the spectrum shift with the difference in the state of the hydrogen bonds from the chromophore
phenolate oxygen. That was further supported by disruption of the hydrogen bond in the new crystal structure
of the variants M-Velour-554 with the bathochromic shift. To further expand the color palette of CP ranging
from 420-480 nm, yellow CP dimTFPs and Y-Velour were successfully created under the mutagenesis study.
And Y-Velour has been demonstrated as the best acceptor of Forster resonance energy transfer (FRET) to
Sumire, a violet fluorescence protein (VFP) under the in vitro and cellular experiment by two-photon
fluorescence lifetime imaging (FLIM). These findings may support further development of CP variants with
useful absorption characteristics for bioimaging, including intensiometric FRET imaging, FLIM and

photoacoustic imaging (PAI).
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