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Annual Research Highlights

(1) “A genetically-encoded far-red fluorescent
calcium ion biosensor derived from a biliverdin-
binding protein”

Far-red and near-infrared (NIR) genetically
encoded calcium ion (Ca?*) indicators (GECIs) are
powerful tools for in vivo and multiplexed imaging
of neural activity and cell signaling. Inspired by a
previous report to engineer a far-red fluorescent
protein (FP) from a biliverdin (BV)-binding NIR FP,
we used our well-established methods of protein
engineering and directed to develop a new a far-red
fluorescent GECI, designated iBB-GECOL, from a
previously reported NIR GECI.

iBB-GECOL1 exhibits a relatively high molecular
brightness, an inverse response to Ca?* with AF/Fumin
= 13, and a near-optimal dissociation constant (Kq)
for Ca?* of 105 nM. Importantly, iBB-GECOL1 is
perfectly compatible with common far-red laser
lines (630—640 nm) on commercial microscopes.

We demonstrated the utility of iBB-GECOL for
four-color multiplexed imaging in MING cells and
five-color imaging in HEK293T cells. Like other
BV-binding GECIs, iBB-GECO1 did not give
robust signals when expressed in mice, but image
analysis based on correlation with XCaMP-G
fluorescence revealed that iBB-GECO1 shows small
but significant fluorescence changes in response to
neural activity in vivo.
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Fig. 1 iBB-GECOL, a far-red Ca?* biosensor.

(a) Schematic representation of the Ca?*-dependent
response. (b) Fluorescent response. (c¢) Images of iBB-
GECO1 in cells with and without Ca?*. (d) Response to
histamine. (e) iBB-GECOL1 in a neuron. (f) Fluorescence
response to spontaneous neuronal activity.
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(2) “A sensitive and specific genetically-encoded
potassium ion biosensor for in vivo applications
across the tree of life”

The potassium ion (K*) is one of the most
abundant cations across biological systems and is
involved in a variety of cellular activities. While
studies of other important cations have been
revolutionized by genetically-encoded biosensors,
the development of analogous biosensors for K* has
lagged far behind.

We  previously reported a  prototype
intensiometric K* biosensor, designated GINKO1,
based on the insertion of K*-binding protein (Kbp)
into enhanced green fluorescent protein (EGFP). To
create a more robust K* biosensor with broader
utility, we undertook an effort to further improve the
sensitivity and specificity of GINKO1.

To develop an improved version of GINKO1, we
determined its crystal structure in the K*-bound state.
We then used structure-guided engineering and
directed evolution to discover improved variants.
Ultimately, we arrived at GINKO2 with AF/Fmin =
15, a Kq of 15 mM, and excellent specificity for K*
versus Na*. Working with an international team of
collaborators, we demonstrated the utility of
GINKO2 for in vivo detection and imaging of K*
dynamics in multiple model organisms, including
bacteria, plants, and mice.
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Fig. 2 GINKO2, an improved K* biosensor.
(a) Schematic representation of the gene and K*-
dependent response. (b) Two views of the crystal structure.
(c) GINKO2 fluorescence in a mouse brain. Inset shows
experimental setup. (d) GINKO2 response to cortical
spreading depolarization (CSD).
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