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Abstract of Thesis

Bioluminescence imaging has become a valuable tool in biological research, offering several
advantages over fluorescence-based techniques, including the absence of phototoxicity and
photobleaching, as well as a higher signal-to-noise ratio. Common bioluminescence imaging
methods often require the addition of an external chemical substrate (luciferin), which can result
in a decrease in luminescence intensity over time and limit prolonged observation. Because the
bacterial bioluminescence system is genetically encoded for luciferase-luciferin production, it
enables autonomous bioluminescence (auto-bioluminescence) imaging. However, its application to
multiple reporters is restricted because of the limited range of color variants. In this thesis, I
present a novel multicolor auto-bioluminescence system named Nano-lanternX (NLX), derived
from Nano-lantern based on Lux. NLXs were developed by bioluminescence resonance energy
transfer (BRET) from Lux as the donor and specific fluorescent proteins, such as mTurquoise2,
sfGFP, Venus, mKOx, and mScarlet-I, as the acceptor to generate cyan, green, yellow, orange,
and red color variants, respectively. NLXs not only shifted the emission wavelength of Lux, but
also increased the luminescence intensity by up to ten-fold owing to the enhancement of the
luminescent quantum yield. I successfully applied NLXs to express in bacterial, mammalian
and plant hosts, thereby, enabling multiplexed auto-bioluminescence imaging in various living
organisms. In addition, I expanded the application of NLXs, not only with a single reporter, but
also with multiplex gene reporter assays and protein localization. For the first time, using the
strategy of changing the wavelength of Lux, I successfully engineered a Ca2* and ATP sensor for
auto-bioluminescence technology. Overall, NLXs are promising auto-bioluminescence
technologies for future investigations of biological phenomena.
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