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(1) “Red fluorescent Ca?" indicator”
((1)-7) Y. Shen, et al. BMC Biol., 16, 9 (2018))

Genetically encoded calcium ion (Ca?")
indicators (GECIs) are indispensable tools for
measuring Ca?" dynamics and neuronal activities in
vitro and in vivo. Red fluorescent protein (RFP)-
based GECIs have inherent advantages relative to
green fluorescent protein (GFP)-based GECIs due to
the longer wavelength light used for excitation.
Longer wavelength light is associated with
decreased phototoxicity and deeper penetration
through tissue. Red GECI can also enable multicolor
visualization ~with blue- or cyan-excitable
fluorophores. In this study, we reported the
development, structure, and validation of a new
RFP-based GECI, K-GECO1, based on a circularly
permutated RFP derived from the sea anemone
Entacmaea quadricolor. We have characterized the
performance of K-GECO1 in cultured HeLa cells,
dissociated neurons, stem-cell-derived
cardiomyocytes, organotypic brain slices, zebrafish
spinal cord in vivo, and mouse brain in vivo.

K-GECOlL is the archetype of a new lineage of
GEClIs based on the RFP eqFP578 scaffold. It offers
high sensitivity and fast kinetics, similar or better
than those of current state-of-the-art indicators, with
diminished lysosomal accumulation and minimal
blue-light photoactivation. Further refinements of
the K-GECOI1 lineage could lead to further
improved variants with overall performance that

exceeds that of the most highly optimized red GECls.
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Fig. 1 Red fluorescent Ca?" indicator, K-GECO1.
(Upper) crystal structure of K-GECO1.
(Bottom) in vivo imaging of living mouse neurons.

(2) “Red fluorescent glutamate indicator with
altered topology”

((1)-6) J. Wu, et al. ACS Chem. Biol., 13, 1832
(2018))

Glutamate is one of the 20 common amino acids
and of utmost importance for chemically mediated
synaptic transmission in nervous systems. Red
fluorescent  protein  (RFP)-based  glutamate
indicators have advantageous over green fluorescent
protein (GFP)-based glutamate indicators due to the
longer wavelength light used for excitation. To
expand the color palette of genetically encoded
indicators for glutamate, we used protein
engineering to develop a red intensity-based
glutamate-sensing ~ fluorescent  reporter  (R-
iGluSnFR1). Manipulating the topology of R-
iGluSnFR1 led to the development of non-circularly
permutated (ncp) variant, R"™P-iGluSnFR1. We
demonstrate that these glutamate indicators are
functional when targeted to the surface of HEK293
cells. Furthermore, we show that R-iGluSnFR can
reliably resolve action potential-evoked glutamate
transients by electrical field stimuli in cultures of
dissociated hippocampal neurons.

In conclusion, we have engineered a single RFP-
based glutamate indicator, R-iGluSnFR1, and a
topological variant, R*P-iGluSnFR 1. These new red
glutamate indicators will create new opportunities
for multicolor and multianalyte imaging in
combination with green fluorescent indicators.
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Fig. 2 Red fluorescent glutamate indicator, R"P-
iGluSnFR1.

(Upper) Schematic figure of R- and R"P-iGluSnFR1.
(Bottom) Glutamate imaging in cultured rat hippocampal
neurons using R"P-iGluSnFR1.
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Ca* DEIRECHIIRIEEN 2 in vitro I8 LN in vivo
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