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1-1) SPARC project
Stimulating Peripheral Activity to Relieve Conditions (SPARC) Project
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SPARC project members:
John Caldwell (Professor, Department of Cell and Developmental Biology)
Diego Restrepo (Professor, Department of Cell and Developmental Biology)
Richard Weir (Associate Professor -Research, Bioengineering)
Emily A Gibson (Associate Professor, Bioengineering)
Gregory Futia  (Research Associate, Bioengineering)
Arjun Fontaine (Post-Doctoral Fellow, Bioengineering)
Samuel Littich (Research Assistant, Bioengineering)

Naoko Mizoguchi (Visitor, Department of Cell and Developmental Biology)
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1-2) Holographic stimulation project (Lab project)
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Holographic stimulation project (Lab project) members:
Diego Restrepo (Professor, Department of Cell and Developmental Biology)
Emily A Gibson (Associate Professor, Bioengineering)
Gregory Futia (Research Associate, Bioengineering)

Ming Ma (Instructor, Department of Cell and Developmental Biology)
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Naoko Mizoguchi (Visitor, Department of Cell and Developmental Biology)
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Stimulating Peripheral Activity to Relieve Conditions (SPARC) Project
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1) Selective Modulation of Heart and Respiration through Holographic Stimulation of
Opsins in Vagus Nerve Axons Innervating the Heart

Arjun K. Fontaine', Greg L. Futia!, Pradeep S. Rajendran®*, Samuel Littich', Naoko
Mizoguchi®>’, Kalyanam Shivkumar®*, Jeffrey L. Ardell**, Diego Restrepo?®, John H.
Caldwell?, Emily A. Gibson', Richard F. Weir'

Departments of 'Bioengineering and *Cell and Developmental Biology, University of
Colorado - Anschutz Medical Campus, Aurora, Colorado, USA®* UCLA Cardiac
Arrhythmia Center and *UCLA Neurocardiology Research Program of Excellence,
University of California Los Angeles, Los Angeles, California USA. Division of

‘Pharmacology, Department of Diagnostic and Therapeutic Sciences, Meikai University

School of Dentistry, Saitama, Japan
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Diagram of 2-Photon Imaging and Photostimulation System
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1-photon photostimulation of cervical vagus nerve in a ChAT-ChR2 transgenic
mouse. (A) Heart rate is reduced, along with Q-T interval (QTc¢), P-wave
amplitude and T-wave amplitude, while P-R interval is increased during
stimulation. (B) Quantification of ECG parameters during the pre-stimulus
period, stimulus period and post-stimulus period. (Blue bar: 473nm, Sms pulses,
20Hz, 15mW unmodulated power)



(6] 77/ BEfEYT 4 L R (tAAV2-retro) % DIEICIEFEAR. 7L X N7 HIRARHE L
Bfio¥rd

A Syn-Chronos-eGFP in transgenic ChAT-tdTomato mouse

Chronos/eGER[+) ™. Chronas/eGER{+] 4 Clionos/eGFP [+)
ChAT-tdTomato |+ ChAT-tdTumato (-] I/‘-\
Es - ‘.
* #
Chronus/eGFR (5]
ChAT-tdTomatoi+)
Chronos/eGFP [+] Chianos/eGFP{3)
ChAY-tdiormate (+ ChATAETomAto [4)
> Sk

%

Vagus Nerve [Cervical)

Syn-ChR2(h134R}-eGFP in WT mouse
S o —
——

Nodose Ganghgn

Vagus Nerve {Cervical) Nodose Ganglion Superior Cervical Ganglian

CAG-ChR2{h134R}-tdToma

to in WT mouse

Vagus Nerve (Cervical)

Nodase Ganglion
Retrograde labeling in nerve and ganglia with heart-injected rAAV2-retro. Three
constructs were injected: (A) Syn-Chronos-eGFP, injected in ChAT-tdTomato transgenic
mice. eGFP expression (green) was observed in ChAT-positive (tdTomato, red) and
ChAT-negative axons throughout the vagus nerve, and in neurons of the nodose ganglion.
(B) Syn-ChR2(h134R)-eGFP (green). eGFP expression is found in axons of the cervical
vagus and nodose ganglia neurons, as well as in neurons of the SCG (C) CAG-
ChR2(h134R)-tdTomato. tdTomato reporter expression (red) is observed in cervical vagus

nerve and nodose ganglia, in a similar expression pattern. (all scale bars are 30pm)
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B AAVrg-Syn-eGFP ChAT-AlexaFluor594

Retrograde viral reporter labeling in the dorsal brainstem. (A) Representative
confocal image showing eGFP in axonal processes (green) in the NTS in mice
infected with AAVrg-Syn-ChR2(h134R)-eGFP. Cholinergic neurons of the dorsal
motor nucleus of the vagus (DMYV) were immunolabeled with ChAT-
AlexaFluor594 (red). CC: central canal (scale bar, 100 pm) (B) Virally
transduced neurons expressing eGFP within NTS were also observed. Left: At
least two neurons (white asterisks) as well as axons (arrows) are positively labeled
with eGFP. Middle: ChAT antibody stains the eGFP-positive neurons. Right:
Merged image along with Hoechst stain (blue) shows the co-labeled cholinergic

neurons (yellow) and non-co-labeled axons (green) (scale bar, 20 pm).
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1-Photon stimulation of the cervical vagus nerve perturbs vitals and ECG
parameters. (A) Schematic of photostimulation in the anesthetized mouse. The
left vagus nerve is exposed and illuminated with a 473nm laser, delivered through
an optical fiber/cannula. (B) Three consecutive photostimuli (blue bar) cause
increases in heart rate and breath distension in a virally-injected (AAVrg-Syn-
Chronos-eGFP) mouse while no changes occur in the non-injected control mouse.
Note that the vertical axes in panels B and D show a limited range of values. (C)
Representative ECG waveform (average of 4 beats). (D) Waveform parameters
are modulated following stimulus onset through the duration of heart rate
excursion in the virally-injected mouse while parameters are unmodulated in non-
injected controls. (Blue bar: 473nm, Sms pulses, 20Hz, 10mW unmodulated
power) (E) Quantification of ECG parameters during the pre-stimulus state (Pre),
the period in which heart rate is perturbed > 1% from baseline (Stim), and the
period following the heart rate perturbation (Post).
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2-Photon holographic photostimulation in the cervical vagus nerve in mice infected with
rAAV2-retro in the heart. (A) 920 nm photoexcitation (red ROI) in AAVrg-CAG-
ChR2(h134R)-tdTomato-injected mouse elicited robust response in breath rate and
distension. (B) Same photoexcitation in non-injected control mouse did not evoke any
respiratory or cardiac responses. (C&D) 1040 nm photoexcitation in AAVrg-Syn-
Chronos-eGFP-injected mouse elicited differential heart response with spatially distinct
photoexcitation regions (red ROIs). The broad photoexcitation region in panel C caused
a depressive heart rate response that led to heart block (asterisk, see inset) while the
excitation profile in panel D caused an increase in heart rate and opposing ECG

parameter changes. (blue bar: 20Hz pulses, 5 ms pulse duration).
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1-2) Holographic stimulation project (Lab project)
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