The Optical Properties for Bilirubin-Inducible Fluorescent Protein (holoUnaG)
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ABSTRACT

Bilirubin-inducible fluorescence protein (holoUnaG) was recently discovered and identified from eel muscle by the Miyawaki group. Fluorescence proteins like GFP have been used in a variety of biomedical

researches. HoloUnaG of which size is smaller GFP is likely to be of use in studying biomedical and super-resolution researches. However, the optical and spectroscopic properties of holoUnaG have not been
studied yet. For instance, even its fluorescence lifetime has not been clearly measured yet. Recently, we have carried out fluorescence lifetime measurement of holoUnaG in vitro and found that there are two
fluorescence decay components, 2.2~2.3 ns and 0.8~0.9 ns. The relative amplitudes of these two components are about 80 and 20 %, respectively. It Is believed that the slow component with 2.2~2.3 ns decay
constant corresponds to the excited state lifetime of holoUnaG, whereas the fast component with 0.8~0.9 ns decay constant is from photo-damaged bilirubin or photo-isomerized bilirubin. We have also
Investigated the origin of significantly enhanced fluorescence intensity of holoUnaG as compared to those of either bovine serum albumin (BSA)-bilirubin complex or bilirubin molecule itself. Using electronic

circular dichroism spectroscopy and quantum chemistry calculation methods, we were able to elucidate the mechanisms of fluorescence enhancement and extended lifetime of holoUnaG.
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Exciton Coupling of Bilirubin in UnaG (In-Line)

<David F. Gruber et al. PLOS ONE, 2015>

<Atsushi Miyawaki et al. Cell, 2013, 153, 1602-1611 (HoloUnaG)>
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<CD and UV Spectrum for Bilirubin in 10% Polyvinyl alcohol (PVA)> <The Fluorescence vs. Laser Power (Picosecond Laser with 488nm and 40 MHz)>
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UV Spectrum (Bilirubin in Chloroform, HoloUnaG in PBS, Bilirubin in PVA

The Lifetime of Bilirubin Powder
- Laser 488nm, 40MHz, Power=83.36 uW
- TCSPC count 100s, 1ps resolution

The Lifetime & Components Percent of HoloUnaG, Bilirubin Powder, Bilirubin (BSA) and Bilirubin in 10% PVA

The Lifetime of Bilirubin in 10% PVA
- Laser 488nm, 40MHz, Power=83.36 uW
- TCSPC count 100s, 1ps resolution

The Lifetime of holoUnaG in PBS
- Laser 488nm, 40MHz, Power=28.48 uW
- TCSPC count 100s, 1ps resolution

< Bilirubin in Chloroform, A, =454 nm > <HoloUnaG in PBS, A, =494 nm, Small A <474 nm > <Bilirubin in PVA, A, =457 nm, Small A =492 nm>
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Lifetime of ApoUnaG + Bilirubin / Bleaching of HoloUnaG (Clue for Wh
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<The Original Lifetime of HoloUnaG is 2.2~2.3 ns> <The Fast Component with 0.8~0.9 ns Decay is from Photo-Damaged or Photo-Isomerized Bilirubin (photosensitive component)>
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<The Fluorescence of HoloUnaG (Ref) and Oxidized HoloUnaG (UV Lamp 1day)> The Lifetime of Oxidized HoloUnaG 400nM in PBS ( Laser: 488nm, 40MHz, TCSPC count: 100s, 1ps resolution)
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» Conclusion for Why | : The enhanced fluorescence of holoUnaG Is from the exciton coupling of
In-line structural conformation of bilirubin with increased rigidness from protein-encapsulation.

Laser Power ( uW)

» Why | : Why does holoUnaG has significantly enhanced fluorescence intensity on the major
lifetime with 2.2~2.3 ns slow decay ?

» Why & What Il : The fluorescence’s lifetime of holoUnaG is 2.2~2.3 ns and 0.8~0.9 ns. Two
components are about 80 and 20 %, respectively. Why does holoUnaG has the second order decay
for lifetime and what mean is the lifetime of fast decay ?

» Conclusion for Why Il : The original lifetime of holoUnaG is 2.2~2.3ns and the lifetime of fast
decay (0.8~0.9 ns) is caused photo-damaged bilirubin or photo-isomerized bilirubin.



