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Annual Research Highlights

(1) “Near-infrared fluorescent calcium ion
indicator”

In this work we reported an intensiometric, near-
infrared (NIR) fluorescent, genetically encoded
calcium ion (Ca?*) indicator (GECI) with excitation
and emission maxima at 678and 704 nm,
respectively. This GECI, designated NIR-GECOL,
enabled imaging of Ca?* transients in cultured
mammalian cells and brain tissue with sensitivity
comparable to that of currently available visible-
wavelength GECIls. We demonstrated that NIR-
GECO1 opened up new vistas for multicolor
Ca?* imaging in combination with other optogenetic
indicators and actuators.

We demonstrated that NIR-GECO1 was a useful
new addition to the GECI palette. Specifically, NIR-
GECO1 did provide a robust inverse response to
Ca?* concentration changes in cultured cells,
primary neurons and acute slices roughly on par with
GCaMP3. In addition, because of its highly red-
shifted excitation maximum, it was the preferred
Ca?* indicator for pairing with blue-light-activated
optogenetic  actuators, to minimize actuator
activation during imaging. Finally, it created a
multitude of new opportunities for multiparameter
imaging in conjunction with multiple fluorescent-
protein-based intensiometric or ratiometric FRET-
based indicators.
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Fig. 1 NIR fluorescent Ca?* indicator, NIR-GECO1
(Upper) Schematic representation of the structure of NIR-
GECOL1.

(Bottom left) Three color imaging of neurons with NIR-
GECO1 and red and green indicators. (Bottom right)
Detection of spontaneous activity from neurons in the
image on the left.
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(2) “Genetically encoded potassium ion
indicator”

Potassium ion (K*) homeostasis and dynamics
play critical roles in biological activities. Here we
described three genetically encoded K* indicators.
KIRIN1 (potassium (K) ion ratiometric indicator)
and KIRIN1-GR are Forster resonance energy
transfer (FRET)-based indicators with a bacterial
K* binding protein (Kbp) inserting between the
fluorescent protein FRET pairs
mCerulean3/cpl73Venus and Clover/mRuby2,
respectively. GINKO1 (green indicator
of K* for optical imaging) was a single fluorescent
protein-based K* indicator constructed by insertion
of Kbp into enhanced green fluorescent protein
(EGFP). These indicators were suitable for detecting
K*at physiologically relevant concentrations in
vitro and in cells. KIRIN1 enabled imaging of
cytosolic K* depletion in live cells and K* efflux and
reuptake in cultured neurons. GINKO1, in
conjunction with red fluorescent Ca?* indicator,
enabled dual-color imaging of K* and
Ca?* dynamics in neurons and glial cells. These
results demonstrated that KIRIN1 and GINKO1
were useful tools for imaging intracellular
K* dynamics.

The advent of Kbp-based K* biosensors opened
new avenues for investigation of cellular signaling
associated with normal or abnormal K* dynamics at
the single-cell level or across large cell populations.
As they were genetically encoded, these indicators
were compatible with in vivo expression in animal
models, either with viral vectors or through
transgenic technology.

BON LysM BON ('@  LysM
{ = g8
r®N o

cp173Venus
mCerulean3 cp173Venus mCerulean3 \f p

FRET
v
EGFP &
BON K EGFP ¢
S, o BON
i LysM LysM

Fig. 2 Kbp-based K* biosensors.
(Upper) Schematic representation of KIRIN1.
(Bottom) Schematic representation of GINKOL1.
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