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The hardware of optogenetics 
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1. Light source 



Advantages of Lasers 

• Can more 
efficiently couple 
light into a fiber 
 

• Can be used with 
small core 
(62.5micron) fiber 



Advantages of Lasers 

• Can achieve a 
more specific 
output wavelength  



Advantages of LEDs 

• Cheaper (~$350) 
• Multiple color 

options 



Advantages of LEDs 

• Better temporal 
precision when 
switching on and 
off 

Light Output 

0.5ms pulse 

2ms pulse 

laser 

LED 



Mechanical shutters 



Compact LEDs 
rotate with animal 

LED power/control signals and optional neural recording lines 
sent through electrical commutator 

Advantages of LEDs 

Much simpler to deploy 

Fiber optic rotary joint 



LEDs vs lasers 
Lasers LEDs 

Can more efficiently couple 
light into a fiber 

Cheaper 
 

Can be used with small core 
(62.5micron) fiber 

Multiple color options 
 

Can achieve a more specific 
output wavelength  

Better temporal precision 
 

Simpler to deploy 
 

~$4000 laser, mechanical 
shutter, rotary joint 

~$2000 LED driver, LED on 
commutator 



Starter kits (~2000-$4000) 

Plexon: 

ThorLabs: 

Doric Lenses: 



Getting started with optogenetics 
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2. Transmission to the animal 
• LEDs require larger 
     (<200 micron) core fiber 

– $$$ 
 

• Lasers require optical commutator 
– $$$ 

 
• Other considerations such as NA, 

core material, cladding material, etc 
may affect specific applications 
 

In general, the specific fiber is probably not as 
important as the total light output of the fiber - 
if you get enough light your fiber choice is fine 



2. Transmission to the animal 



2. Transmission to the animal 

• Power meters - ~$500-2500 
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3. Connection to animal 

• 3 ways: 
– Cannulas  
– Ferrule implants 
– Head mounted LEDs (wireless) 



Cannulas 

• Plastics1.com 



Ferrule connectors 



Ferrule connectors 



Ferrule connectors 

• These can be purchased for ~$25 each 
($50/bilateral) 
– Doric Lenses 
– ThorLabs 
– Plexon, Inc 

 
• Reusable? 



Ferrule connectors 

• These can be made for ~$5 each.  
 Glue fiber into ferrule 
 
 

 Polish ferrule  



What’s on the horizon? 



Wireless LEDs 

Teleopto, Eicom 



Wireless LEDs 

Triangle Biosystems 



Wireless microLEDs 

Kim, et al, Science 2013 



Wireless microLEDs 

Kim, et al, Science 2013 



Wireless microLEDs 

Kim, et al, Science 2013 



Multi-site applications 

Grossman, et al, J Neuro Engineering, 2010 



Multi-site applications 

Kim, et al, Science 2013 



Wireless microLEDs 

Montgomery, et al., Nature Methods (2015) doi:10.1038/nmeth.3536 



Wireless microLEDs 

Montgomery, et al., Nature Methods (2015) doi:10.1038/nmeth.3536 



Wireless microLEDs 

Montgomery, et al., Nature Methods (2015) doi:10.1038/nmeth.3536 



Resources 

• http://thorlabs.com  
    (power meters, everything optical) 
• http://plexoninc.com (LED light sources) 
• http://www.doriclenses.com/produits/195.html  
    (LED light sources, fiber rotary joints, have developed  
     many optogenetics devices) 
• http://www.precisionfiberproducts.com/  
    (cheap source for ferrules, tools) 
• http://www.openoptogenetics.org/ 

 
 

http://thorlabs.com/
http://plexoninc.com/
http://www.doriclenses.com/produits/195.html
http://www.precisionfiberproducts.com/
http://www.openoptogenetics.org/
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DREADD Gq 

          Activated by CNO 

DA 

DA 

DA 

DA neurons express Cre (DAT-cre) 

CNO 

CNO 

CNO 

CNO CNO 

CNO 

CNO 

CNO 

Cre-lox recombination for cell type 
specific manipulations 



A brief survey of optogenetic tools 

 

Tye and Deisseroth, Nature Reviews Neuroscience 13, 251-266  

Moderador
Notas de la presentación
C1V1 hybrid of two algae species. H134R – mutant with enhanced photocurrent. ChETA – E123 reside mutation to accelerate channel closure kinetics and increase fidelity of fast opto control.  Eliminate sensitivity of channel kinetics to membrane potential. But faster deactivation is accompanied by reduced light sensitivity for long pulses of light. BR – bacteriorhopsin. Guillardia theta rhodopsin-3 – blue light. OptoXR – chimera between vertebrate rhodopsin and conventional GPCR, optically controlled intracellular signaling with temporal resolution suitable for modulating behavior in freely moving animals.



Channelrhodopsin-2 



Channelrhodopsin-2 variants 

Openoptogenetics.org 



Red-shifted excitatory opsins 



Inhibitory opsins 



Inhibitory opsins 



Opto-XRs 

• Light activated GPCRs 

Openoptogenetics.org 



Activation of motor cortex drives 
locomotion 

Deisseroth lab 






Activation of hypothalamic circuits 
alters feeding 

Stuber lab 



Activation of striatal circuits controls 
locomotion 

Kravitz, Kreitzer lab 
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Three experimental designs 

“Tagging”  
Specific 
Neurons 

Validating 
Stimulation  

 

Testing  
Circuit 

Effects of 
Stimulation 



dMSN 

iMSN 






adapted from Deisseroth, K, Nat Methods (2011) 8, 26–29 

dMSN 

iMSN 

dMSN 

iMSN 

dMSN 

iMSN 



Historically, it has been difficult to 
independently study these cell populations 

D1-RFP  
D2-GFP 



54 

Combining in vivo electrophysiology 
with optogenetics 

1mm 



Combining in vivo electrophysiology 
with optogenetics 

Moderador
Notas de la presentación
35:00
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Three experimental designs 

“Tagging”  
Specific 
Neurons 

Validating 
Stimulation  

 

Testing  
Circuit 

Effects of 
Stimulation 



In vivo recording to validate effects of 
stimulation 



61 

Francis, et al, Biological Psychiatry 2015 



Three experimental designs 

“Tagging”  
Specific 
Neurons 

Validating 
Stimulation  

 

Testing  
Circuit 

Effects of 
Stimulation 



 Tagging neurons can be a difficult game… 
 

 Validating the function of opsins is much 
higher throughput. 
 

 Testing effects of optogenetic stimulation of 
downstream structures is also a good use of 
integrated optogenetics and recording. 

63 
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Optogenetics can drive  
extra-physiological changes in firing 



Three experimental designs 

“Tagging”  
Specific 
Neurons 

Validating 
Stimulation  

 

Testing  
Circuit 

Effects of 
Stimulation 



Multi-site applications 

Grossman, et al, J Neuro Engineering, 2010 



Questions? 

Lex.kravitz@nih.gov 
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