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Understanding and fixing the brain is a problem of scale 

Organized at nanoscale, but spanning centimeters (107 range) 
Computing with millisecond events, but spanning years (1012 

range) 



Embed a tissue in a dense polymer 
that can be swelled by water 

Chen*, Tillberg*, Boyden, Science 347(6221):543-548. 
http://expansionmicroscopy.org 

Polyacrylate:  
polymer that swells in water  

(found in baby diapers) 

Embed a brain in permeating 
polyacrylate polymer network,  

then add water 



Before expansion:  
confocal microscopy 

After expansion (~4.5x): 
confocal microscopy 







Simultaneous, whole-animal, 3-D 
microscopy: light-field imaging 

Prevedel*, Yoon*, et al. (2014) Nature Methods 
11:727-730. 
http://lightfieldscope.org 



Imaging neural activity throughout 
organism with known connectome 

Prevedel*, Yoon*, et al. (2014) Nature Methods 
11:727-730. 



Imaging zebrafish neural activity in 
3-D (at 20 Hz, below) 

Prevedel*, Yoon*, et al. (2014) Nature Methods 
11:727-730. 





http://www.genome.duke.edu/genomelife/
2011/03/systems-under-stress/ 

http://
www.biochem.mpg.de/
523002/Protein_BR 
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Bacteriorhodopsins: 
Light-driven proton pumps 

Halorhodopsins: 
Light-driven chloride pumps 
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Channelrhodopsins: 
Light-driven cation channels 



Three major optogenetic molecule classes: microbial 
opsins, seven-transmembrane proteins, 

binding endogenous all-trans-retinal 

Boyden (2011) Faculty of 1000 Biology Reports 3:11. 
Sequences, plasmids, links to DNA/virus providers, at http://syntheticneurobiology.org/
protocols 



Transgenic mice expressing original-N. pharaonis halorhodopsin, 
tagged with GFP, in hypocretin neurons 

Tsunematsu et al. (2011) Journal of Neuroscience 31(29): 10529-10539. 



Light silences the neurons, resulting 
in slow-wave sleep 

Tsunematsu et al. (2011) Journal of Neuroscience 31(29): 10529-10539. 



DAT-Cre + AAV-FLEX-ChR2-
tdTomato 

Kim et al. (2012) PLoS One 7(4):e33612 



Finding circuits in the brain that can 
mediate reward 

Dopamine 
neurons: 
implicated in 
reward and 
addiction, but 
largely 
through 
pharmacologic
al and 
electrical 
means 

Is a brief 
activation of 
them sufficient 
to drive 
reward? Kim et al. (2012) PLoS One 7(4):e33612 

light 
stimulation 

no light 
stimulation 



Kim et al. (2012) PLoS One 7(4):e33612 



Noninvasive optogenetic neural 
silencing: Jaws 

Chuong et al. (2014) Nature Neuroscience 17:1123-1129. 



Klapoetke et al. (2014) Nature Methods 11:338–346. 

Chrimson: quasi-infrared neural stimulation 



~250,000 
people have 
implanted 
electrical 

stimulators 

~600 people have 
safely undergone 
gene therapy with 

AAV (first one 
approved in Europe) 

Pre-clinical 
testing of 

light control 
reagents 

under way 

photo credit Justin Keena, 
Keenaphoto.com 
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