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(Research field) euroscience
A7 HAH Developing genetically encoded voltage indicators

(Research name) for monitoring neuronal network activities

d AT AF(duty)

(94 Y-8 Training content)

Genetically encoded voltage indicators (GEVIs) are proteins that can convert neuronal
activity into an optical signal. The Bongwoori family of probes including the recently
developed, red-shifted IImol probe, use a voltage-sensing domain fused to a fluorescent
protein. While calcium imaging has become rather ubiquitous, voltage imaging offers more
information since GEVIs can potentially monitor subthreshold (synaptic) neuronal activities.
Recent advancements in GEVI development now enables in vivo mapping of neuronal
activity. However, to better understand the activities of individual neurons as well as the
behavior of neural networks, improvements to the signal size, speed, voltage sensitivities,
and expression patterns of GEVIs are needed.

The student will apply molecular genetic techniques to create GEVIs with altered voltage
sensitivities, expression patterns, and fluorescent properties. Using PCR and bicinformatics,
mutations to the voltage sensing domain will be performed to shift the fluorescent
response of the GEVI to more inhibitory or excitatory potentials. Mutagenesis will also
be done to attach targeting motifs to the GEVI for expression in distinct region of the
neuron such as apical dendrites, or axons for instance. To change the fluorescent
spectrum of the GEVI, fluorescent proteins with optimal 2-photon cross sections, as well
as good FRET partners will be incorporated into GEVI production to facilitate neuronal
network monitoring in brain slice and in vivo.

These constructs will be tested initially by expression in cultured cells via whole-cell
voltage clamp fluorometry. GEVIs with interesting characteristics will then be tested in
dissociated neuronal cells by both whole-cell voltage clamp and clamp techniques.

GEVIs with promising fluorescent characteristics will then be tested in brain slice in
order to monitor the neuronal activity of different networks. The ability to resolve
feedback and feed-forward inhibition in the hippocampus will be tested We will also
monitor spontaneous activity in the motor cortex in preparation for in vivo studies. These
novel GEVIs will be contrasted against GEVIs currently available as well as against
calcium imaging constructs such as GCaMP6f in order to optimize neuronal activity
mapping of excitatory and inhibitory synaptic activity.

GEVIs that perform well in brain slice recordings will then be used for in vivo
measurements in the motor cortex and/or olfactory bulb to monitor super- and
subthreshold activity to various stimuli.

&% J A (Department): Center for Functional Connectomics
A4 HAA} (supervisor): Bradley J. Baker
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(Research field) Bioimage informatics, machine learning

A7 A Next generation of multi-scale functional
(Research name) connectomics study
A4 Aot g Develop machine learning based brain image
(duty) analysis method

(84 Y&Training content)

1. Web-based brain image analysis software development
2. Deep learning method for large-scale brain image data

3. Graph network method for producing structured image analysis results
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