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Thesis Summary

Luminescent proteins such as GFP and bioluminescent enzymes (luciferases) are widely used in
optical readout approaches for monitoring biological processes in living subjects. Compared to
fluorescence (FL), bioluminescence (BL) can be considered a better optical readout method in
bioassays by virtue of its sensitivity and non-invasiveness, because the luminescence phenomenon
occurs through an enzymatic reaction between a bioluminescent substrate (luciferin) and the
luciferase with no interference from excitation light. However, BL applied to imaging techniques
commonly has the drawbacks of poor optical emission intensity and limited emission color variety,
especially when it comes to the near-infrared (NIR) spectral region.

To address these drawbacks, this research work tackled the development of novel bioluminescent
luciferins based on the coelenterazine (CTZ) structure and engineered variants of luciferases.

Chapter 1 summarizes various bioluminescent systems used as bioanalytical tools as well as the
BL characteristics of hitherto reported CTZ derivatives and describes the objectives of this thesis.

Chapter 2 describes the derivatization of CTZ by the introduction of substituents at the C-6
position of native CTZ to improve the light output. The novel C-6 modified CTZ derivatives show
significant BL emission with known renilla luciferase variant RLuc8.6-535, resulting in 25-fold
stronger emission than a commercially available CTZ derivative (DeepBLueC ™) with RLuc8.

Chapter 3 introduces the first ever luciferase RLuc8.6-535- or artificial luciferase
(ALuc)-specific CTZ derivatives for use in high-throughput bioassays requiring multiple optical
readouts (e.g. multiple luciferases in the reaction mixture). This allows overcoming a general
disadvantage of known luciferases, which emission spectra are broad and overlap, preventing
optical readouts of multiple luciferases due to optical signal contamination.

Chapter 4 describes novel blue-shifted CTZ derivatives, wherein the (p-hydroxy)-phenyl group
in the C-6 position was alkylated to investigate the flexibility and limitations of substitution at the
C-6 position on enzyme recognition. With 50-fold stronger emission at comparable wavelength,
C-6 alkylated CTZ derivatives are useful bright blue-shifted alternatives to DeepBlueC™, which
enable single cell analysis with high-resolution and in vivo imaging of cancer cells in combination
with NIR fluorescent protein (iRFP) fused RLuc8.6-535 variant.

Chapter 5 reports organic fluorescent dye modified CTZ derivatives to aim at red-shift of the
emission through bioluminescence resonance energy transfer (BRET), resulting in an extension of
the bioluminescent color palette.

Chapter 6 summarizes the thesis and describes the future perspective in the BL research field.




