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Can we use an optogenetic approach to 
reproducibly kill neurons as a model for 

spinal cord injury and degeneration?

Current models of spinal injury in 
zebrafish are limited



Using light to spatiotemporally ablate CNS cells

Wang et al. Nature Methods 2012
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 Does GAVPO drive transcription in zebrafish?

 Can we model neural death with toxins?

 Can we induce neural death using the GAVPO system?
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Generating and characterizing 
transgenic GAVPO lines

Tg(HuC:GAVPO) WT Fix and stain 
for mRNA expression

24 hpf 48 hpf 72 hpf
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n = 20-25 larvae for each condition
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GAVPO-induced expression increases 
with irradiation duration and intensity
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development of toxin-mediated ablation 

PDB: 1IDT
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(metronidazole) into a 
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• Gold standard for zebrafish
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Modeling neuronal loss via 
development of toxin-mediated ablation 

PDB: 1IDT

• Nitroreductase
• Enzyme converts a prodrug 

(metronidazole) into a 
cytotoxic compound

• Gold standard for zebrafish
• Disadvantage – slow acting

• M2
• Ion channel from flu
• Can be blocked with FDA 

approved drug (rimantadine)
• Never used in zebrafish
• Advantage – fast acting

PDT: 1IDT

PDT: 2KQT PDB
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M2-induced defects are more 
pronounced than NTR-mediated ablation

Tg(-tub:Gal4VP16; UAS:M2) Tg(-tub:Gal4VP16; UAS:NTR)
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Irradiation induces M2 expression

Tg(HuC:GAVPO) Tg(UAS:M2) Irradiate Immediately 
fix and stain
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Dark control 2 hr irradiation 4 hr irradiation 12 hr irradiation

n = 10-20 larvae for each condition



Irradiation induces activation of Caspase-3 
which can be attenuated with rimantadine

Dark control 12 hr irradiation 12 hr irradiation
+ rimantadine

Global irradiation (470-nm light 3 mW/cm2)

n = 10-20 larvae for each condition
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How does the nervous system response 
to optogenetic ablation compare to 

manual injury?



Comparing neural ablation to traditional 
spinal cord injury in zebrafish

Maestro MEA system 
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Injury reduces network bursting and 
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Summary and future directions

• Developed transgenic 
zebrafish for light-inducible 
gene expression

• Used multiple toxins to 
model secondary injury

• Studying neuronal circuit-
connectivity and physiology 
and SCI pathology
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