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A chemigenetic red fluorescent calcium ion indicator based on a fluorescent protein and a

synthetic chelator (‘Department of Chemistry, Graduate School of Science, The

University of Tokyo, *Department of Chemistry, University of Alberta) O Shosei Imai,!

Wenchao Zhu,! Takuya Terai,! Robert Earl Campbell, 2

Fluorescent indicators, which detect ions or small molecules of interest, are generally
categorized into small molecule-based indicators? and genetically encoded indicators using
fluorescent proteins (FPs)?. Recently, we reported a chemigenetic calcium ion (Ca?") sensor
that combined a green FP, a HaloTag and a synthetic Ca*" chelator®. We expect that this design
may overcome shortcomings of conventional sensors. In this study, a similar Ca®>" sensor based
on a red FP (RFP) was developed to be used in conjunction with existing green sensors or
optogenetic tools. In addition, its longer wavelength should have advantages for biological
applications. We first screened the RFP-HaloTag structures and linker lengths of Ca*" chelator
to optimize the positional relation between the chromophore and the chelator. We then
improved the sensor performance by introducing site-saturation and random mutations, and
finally obtained a sensor which shows 3.5-fold fluorescence change upon Ca** binding in vitro.
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