A JEDI Toolbox for Imaging Cell Membrane Potential Dynamics
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Abstract

Genetically Encoded Voltage Indicators (GEVIsS) are a
promising new technology for monitoring electrical activity
In the brain noninvasively with high spatiotemporal
resolution. GEVIs fundamentally work by changing their
brightness In response to changes in membrane potential.
As a relatively new technology, thus there Is room for

JEDI and other GEVIs for high
spatiotemporal in vivo |mag|ng

Limitations of existing GEVIs
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Slow indicator
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further optimization of GEVI to expand their versatility and L  Jaomy 02 mice neurons in vivo, allowing
50 ms 0 ASAPZ2s reported voltage responses to imaging of voltage in neurons 160

applications. We present here a newly designed GEVI
called Jellyfish-derived Electricity-reporting Designer
Indicator (JEDI) with significantly improved brightness
and responsivity as compared to other commonly used
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High-throughput engineering of
new voltage indicators
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Dissemination resources of JEDI for
In vivo applications
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Irwin & Allen [1]

Automated GEVI screening: We have built an efficient workflow
for automated high throughput voltage indicator screening by

Ramon y Cajal

High temporal resolution
to capture the full richness of
voltage dynamics

High spatial resolution
to monitor voltage dynamics with
subcellular resolution

First generation GEVIs

Polarized Depolarized

In ASAP

voltage-induced
movement of a positively
charged transmembrane
helix of a voltage sensing
domain (VSD) IS
hypothesized to perturb
the protonation state of a
circularly permuted GFP,
g resulting In changes In
fluorescent Intensity. .
Image adapted from [1,2]
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generating an external electrical field in Kir2.1 cells

New sensors from the St-Pierre lab:
Jellyfish-derived Electricity-reporting
Designer Indicators (JEDISs)
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Easy to identify better variants: We are able to identify better

GEVIs from a large population of variants, confirmed by
electrophysiology testing in HEK293 cells.

AAV expression system for rodent

Plasmids for non-rodent systems

AAV Serotype Promoter Animal Promoter
AAV.PHP.eB .
AAV2/1 CAG C. elegans myo
AAV2/2 CaMKIl
AAV2/5 EFla Zebrafish Huc
AAV2/9 hSyn
DJ8 Drosophila UAS

Subcellular Localization tags can focus signal detection

* Genetically targeted cell type expression
®]aleliele]3=1] Pros ¢ Reduction of cytotoxicity of long-term expression of transgene
expression e Sparse labeling for better cell separation

SA I Cons e

* |ncrease of signal to noise ratio at soma
* Reduction of signal mixture of neurites

Requirement of additional transgenic animal or reagents

Soma
localization

Pros

Cons * Removal of the capability to measure voltage in neurites

tag

How would you use GEVIs?

If you are interested in using fluorescent indicators or have any
experience in using them, please help us by filling out the survey.
Your feedback will be useful for future sensor development and
dissemination: https://forms.gle/PvgAtNDDZ8rML7JD9
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