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Optogenetics, which lets scientists control brain activity by shining light on neurons, involves
light-sensitive proteins (to suppress or stimulate signals within cells) and—traditionally—a light
source implanted in the brain. But a new molecule is the first to enable use of noninvasive light.

Developed by engineers at MIT (Cambridge, MA), the "Jaws" protein enables long-term

studies by allowing the light source to be positioned outside the skull.? The approach also
allows a larger volume of tissue to be influenced at once. The development is particularly
exciting because, as the researchers explain, it could eventually allow treatment of epilepsy
and other neurological disorders, potentially including vision impairment, in humans.

In optogenetics, neurons to be studied must be genetically engineered to produce light-
sensitive proteins known as opsins, which are channels or pumps that influence electrical
activity by controlling the flow of ions in or out of cells. Implanted light sources can not only be
difficult to insert, but also incompatible with many studies—for instance, of development, during
which the brain changes size; of neurodegenerative disorders, during which the implant can
interact with brain physiology; and of chronic disease, which requires long-term monitoring.

http:/Amwww.bioopticsworld.com/articles/print/volume-7/issue-4/departments/biooptics- breakthroug hs/optog enetics-noninvasive-optog enetics-potentially-promisin...  2/12


http://digital.bioopticsworld.com/bioopticsworld/20140708?sub_id=gN8aXyn7qooZ#pg1
http://www.bioopticsworld.com/articles/print/volume-7/issue-3/departments/biooptics-breakthroughs/optogenetics-neuroscience-bioengineered-off-switch-lets-light-shut-down-neural-activity.html

9/1/2014 OPTOGENETICS: Noninvasive optogenetics potentially promising for human applications - BioOptics World

Standard approaches to optogenetics use proteins that respond to blue or green light. But a
new opsin responds to red light, which penetrates deeper into tissue. The development has
important implications.

Engineering the opsins

Many organisms use opsins to detect light and react to their environment, and most of the
natural opsins now used for optogenetics respond best to blue or green light. But these
wavelengths do not penetrate as deeply into tissue as red. MIT researchers had previously
identified two light-sensitive chloride ion pumps that respond to red, but the photocurrent they
induced was not sufficiently strong for control.

Led by Ed Boyden, an associate professor of biological engineering and brain and cognitive
sciences, graduate student Amy Chuong set out to improve the photocurrent by looking for
relatives of these proteins and testing their electrical activity. She then engineered one of these
relatives by making many different mutants: Jaws retained its red-light sensitivity, but had a
photocurrent strong enough to shut down neural activity.
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Using this opsin, Chuong and colleagues were able to control neuronal activity as deep as 3
mm in the mouse brain with a light source outside the head. They say the suppression was just
as effective as that of existing silencers that rely on other colors of light delivered using invasive
illumination.

A key advantage to this opsinis that it could enable optogenetic studies of animals with larger
brains, says Garret Stuber, an assistant professor of psychiatry and cell biology and physiology
at the University of North Carolina at Chapel Hill. "In animals with larger brains, people have
had difficulty getting behavior effects with optogenetics, and one possible reason is that not
enough of the tissue is being inhibited," he says. "This could potentially alleviate that."

RP treatment?

Working with researchers at the Friedrich Miescher Institute for Biomedical Research in
Switzerland, the MIT team tested Jaws's ability to restore the light sensitivity of retinal cells
called cones. In people with retinitis pigmentosa (RP), cones slowly atrophy, eventually causing
blindness.

Miescher Institute scientists Botond Roska and Volker Busskamp had previously shown that
some vision can be restored in mice by engineering cone cells to express light-sensitive
proteins. The new paper describes how the pair tested Jaws in the mouse retina. They found
that the new protein more closely resembles the eye's natural opsins and offers a greater
range of light sensitivity, making it potentially more useful for treating RP.

Boyden advises, though, that "Since these molecules come from species other than humans,
many studies must be done to evaluate their safety and efficacy in the context of treatment."

1. A. S. Chuong et al., Nature Neurosci., doi:10.1038/nn.3752 (2014).

More BioOptics World Current Issue Articles
More BioOptics World Archives Issue Articles

POST A COMMENT

RELATED ARTICLES

Optogenetics swaps out negative memories for positive ones in mice

http:/Amwww.bioopticsworld.com/articles/print/volume-7/issue-4/departments/biooptics- breakthroug hs/optog enetics-noninvasive-optog enetics-potentially-promisin...  4/12


http://www.bioopticsworld.com/content/bow/en/articles/2014/08/optogenetics-swaps-out-negative-memories-for-positive-ones-in-mice.html
http://bioopticsworld.com/index/biophotonics/bow-current-issue.html
http://bioopticsworld.com/index/biophotonics/bow-past-issue.html

9/1/2014 OPTOGENETICS: Noninvasive optogenetics potentially promising for human applications - BioOptics World

New biophotonics event to launch in Brazil in 2015

Laser optical tweezers show how malaria parasites invade red blood cells

Optogenetics helps clarify brain circuit, aiming for new treatments for psychiatric disorders

FROM THE ARCHIVES

Researchers develop handheld OCT device for primary care physician use

OCT images blood vessels underneath the skin that feed cancer

Lens produces 3-D images of cells, tissues in seconds

MOST POPULAR ARTICLES

Near-infrared imaging helps make cancer glow to improve surgical outcomes
Fluorescence-based biosensor can diagnose Type 1 diabetes atlow cost
Bruker buys super-res fluorescence microscopy company Vutara

Raman technique could lead to much higher-speed cell and tissue imaging

Optical microscopy enables single-molecule motion capture

BLOGS

Strategies in Biophotonics features newsmakers
As we are putting the finishing touches on the Sept/Oct issue of BioOptics World, | am getting ja...

Increasing the impact of light-based medicine
"Light offers greater potential than electrons, x-rays and nuclear energy," says Robert...

Biophotonics trailblazers drive mobile health
The ability of low-cost photonics to enable point-of-care systems is part of the mobile health ma...

MORE BLOGS

EDITOR'S PICKS

http:/mwww.bioopticsworld.com/articles/print/volume-7/issue-4/departments/biooptics- breakthroug hs/optog enetics-noninvasive-optog enetics-potentially-promisin...  5/12


http://www.bioopticsworld.com/content/bow/en/articles/2014/08/new-biophotonics-event-to-launch-in-brazil-in-2015.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/laser-optical-tweezers-show-how-malaria-parasites-invade-red-blood-cells.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/optogenetics-helps-clarify-brain-circuit-aiming-for-new-treatments-for-psychiatric-disorders.html
http://www.bioopticsworld.com/content/bow/en/articles/2012/10/researchers-develop-handheld-oct-device-for-primary-care-physician-use.html
http://www.bioopticsworld.com/content/bow/en/articles/2012/09/oct-images-blood-vessels-underneath-the-skin-that-feed-cancer.html
http://www.bioopticsworld.com/content/bow/en/articles/2012/03/lens-produces-3d-images-of-cells-tissues-in-seconds.html
http://www.bioopticsworld.com/content/bow/en/worldview-blog.html.html
http://www.bioopticsworld.com/articles/2014/07/near-infrared-imaging-helps-make-cancer-glow-to-improve-surgical-outcomes.html
http://www.bioopticsworld.com/articles/2014/07/fluorescence-based-biosensor-can-diagnose-type-1-diabetes-at-low-cost.html
http://www.bioopticsworld.com/articles/2014/07/bruker-buys-super-res-fluorescence-microscopy-company-vutara.html
http://www.bioopticsworld.com/articles/2014/07/raman-technique-could-lead-to-much-higher-speed-tissue-imaging.html
http://www.bioopticsworld.com/articles/2014/07/optical-microscopy-enables-single-molecule-motion-capture.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/strategies-in-biophotonics-features-newsmakers.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/increasing-the-impact-of-light-based-medicine.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/07/biophotonics-trailblazers-drive-mobile-health.html

9/1/2014 OPTOGENETICS: Noninvasive optogenetics potentially promising for human applications - BioOptics World

MOBILE HEALTH: Strategies in Biophotonics keynoter Ozcan named HHMI professor

VIBRATIONAL PHOTOACOUSTIC MICROSCOPY: Converting molecular vibration to

mechanical for deep-tissue imaging
HIGH-SPEED IMAGING: Choosing components to image intracellular signals

FLUORESCENCE SPECTROSCOPY/BIOMEDICAL IMAGING: Fluorescence 'lifetime’

moves toward clinical application

HIGH-DENSITY DIFFUSE OPTICAL TOMOGRAPHY: Imaging distributed function and

networks in the human brain

RECENT ARTICLES

[Article]

Optogenetics swaps out negative memories for positive ones in mice
08/29/2014

Strategies in Biophotonics features newsmakers
08/28/2014

TOPIC CENTERS

Bioscience Biomedicine

Bioimaging Biophotonics Techniques

Biophotonics Tools

View BioOptics World articles by topic, A-Z

http:/Amwww.bioopticsworld.com/articles/print/volume-7/issue-4/departments/biooptics- breakthroug hs/optog enetics-noninvasive-optog enetics-potentially-promisin...  6/12


http://www.bioopticsworld.com/content/bow/en/articles/print/volume-3/issue-6/departments/product-showcase/synchronized-laser-therapy-gets-people-back-on-the-right-foot-quickly.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/optogenetics-swaps-out-negative-memories-for-positive-ones-in-mice.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/strategies-in-biophotonics-features-newsmakers.html
http://www.bioopticsworld.com/content/bow/en/articles/print/volume-7/issue-4/departments/news-notes/mobile-health-strategies-in-biophotonics-keynoter-ozcan-named-hhmi-professor.html
http://www.bioopticsworld.com/content/bow/en/articles/print/volume-7/issue-4/features/vibrational-photoacoustic-microscopy-converting-molecular-vibration-to-mechanical-for-deep-tissue-imaging.html
http://www.bioopticsworld.com/content/bow/en/articles/print/volume-7/issue-4/features/high-speed-imaging-choosing-components-to-image-intracellular-signals.html
http://www.bioopticsworld.com/content/bow/en/articles/print/volume-7/issue-4/features/fluorescence-spectroscopy-biomedical-imaging-fluorescence-lifetime-moves-toward-clinical-application.html
http://www.bioopticsworld.com/content/bow/en/articles/print/volume-7/issue-4/features/high-density-diffuse-optical-tomography-imaging-distributed-function-and-networks-in-the-human-brain.html
http://www.bioopticsworld.com/content/bow/en/bioscience.html
http://www.bioopticsworld.com/content/bow/en/biomedicine.html
http://www.bioopticsworld.com/content/bow/en/bioimaging.html
http://www.bioopticsworld.com/content/bow/en/biophotonics-techniques.html
http://www.bioopticsworld.com/content/bow/en/biophotonics-tools.html
http://www.bioopticsworld.com/topics

9/1/2014 OPTOGENETICS: Noninvasive optogenetics potentially promising for human applications - BioOptics World

BIOSCIENCE

Optogenetics swaps out negative memories for positive ones in mice

New biophotonics event to launch in Brazil in 2015

Laser optical tweezers show how malaria parasites invade red blood cells

BIOMEDICINE

New biophotonics event to launch in Brazil in 2015

Quantum cascade laser may lead to prickless blood sugar monitoring

Glucose meter incorporates photonic crystal to help provide continuous monitoring

BIOIMAGING

New biophotonics event to launch in Brazil in 2015

Microspectroscopy setup can track singlet oxygen in individual cells

New method yields optically transparent tissue for light microscopy observation

BIOPHOTONICS TECHNIQUES

Optogenetics swaps out negative memories for positive ones in mice

New biophotonics event to launch in Brazil in 2015

Quantum cascade laser may lead to prickless blood sugar monitoring

BIOPHOTONICS TOOLS

New biophotonics event to launch in Brazil in 2015

http:/mwww.bioopticsworld.com/articles/print/volume-7/issue-4/departments/biooptics- breakthroug hs/optog enetics-noninvasive-optog enetics-potentially-promisin...  7/12


http://www.bioopticsworld.com/content/bow/en/articles/2014/08/optogenetics-swaps-out-negative-memories-for-positive-ones-in-mice.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/new-biophotonics-event-to-launch-in-brazil-in-2015.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/laser-optical-tweezers-show-how-malaria-parasites-invade-red-blood-cells.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/new-biophotonics-event-to-launch-in-brazil-in-2015.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/quantum-cascade-laser-may-lead-to-prickless-blood-sugar-monitoring.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/glucose-meter-incorporates-photonic-crystal-to-help-provide-continuous-monitoring.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/optogenetics-swaps-out-negative-memories-for-positive-ones-in-mice.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/new-biophotonics-event-to-launch-in-brazil-in-2015.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/quantum-cascade-laser-may-lead-to-prickless-blood-sugar-monitoring.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/new-biophotonics-event-to-launch-in-brazil-in-2015.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/new-biophotonics-event-to-launch-in-brazil-in-2015.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/microspectroscopy-setup-can-track-singlet-oxygen-in-individual-cells.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/new-method-yields-optically-transparent-tissue-for-light-microscopy-observation.html

9/1/2014 OPTOGENETICS: Noninvasive optogenetics potentially promising for human applications - BioOptics World

Quantum cascade laser may lead to prickless blood sugar monitoring

Glucose meter incorporates photonic crystal to help provide continuous monitoring

CURRENT ISSUE

BioOptics

N arins o o i et WORLD.
Optical méthods for

Fumtii'maélﬁ é *k

SUBSCRIBE TO BIOOPTICS WORLD

MovingLab™

Raman Microscope _

High-performance
Dual-band

(532, T85,

or 1064 nm)

Transportable

Click here

http:/mwww.bioopticsworld.com/articles/print/volume-7/issue-4/departments/biooptics- breakthroug hs/optog enetics-noninvasive-optog enetics-potentially-promisin...  8/12


http://www.bioopticsworld.com/content/bow/en/articles/2014/08/quantum-cascade-laser-may-lead-to-prickless-blood-sugar-monitoring.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/glucose-meter-incorporates-photonic-crystal-to-help-provide-continuous-monitoring.html
http://digital.bioopticsworld.com/bioopticsworld/current
http://www.bioopticsworld.com/subscribe.html
http://digital.bioopticsworld.com/bioopticsworld/current
http://ads.pennnet.com/5c/BOW.pennnet.com/ros/L19/1884985770/Right/PennWell/bayspec_bow_rhpp/Baysp_BOW_RHPP_140821.gif.html/3433537a716c5032572b30414246346b

9/1/2014 OPTOGENETICS: Noninvasive optogenetics potentially promising for human applications - BioOptics World

Bruker's unlocks B},. -.I"'EE":IH
the potential of live-cell super {2
resolution imaging

LEARN MORE

DUAL INVERTED SELECTIVE PLANE
ILLUMINATION MICROSCOPY

FOR RAPID, SPATIALLY ISOTROPIC FOUR
DIMENSIONAL IMAGING.

FOR MORE INFO, VI5IT ©UR SITE:
WWW.ASIIMAGING COM

SEMNSUHS
EUNLIMITED

g
Goes Deeper With SWIR
CLICK TO LEARN MORE

% UTC Aerospace Systems

BIOOPTICS WORLD PRODUCTS

635 nm laser diodes for photodynamic therapy from Laser Components
08/29/2014

http:/Amwww.bioopticsworld.com/articles/print/volume-7/issue-4/departments/biooptics- breakthroug hs/optog enetics-noninvasive-optog enetics-potentially-promisin...  9/12


http://www.bioopticsworld.com/content/bow/en/articles/2014/08/635-nm-laser-diodes-for-photodynamic-therapy-from-laser-components.html
http://ads.pennnet.com/5c/BOW.pennnet.com/ros/L19/441730393/Right1/PennWell/bruker_nano_bow_rect_hpp/BruNanRev_BOW_RHPP_140829.html/3433537a716c5032572b30414246346b
http://ads.pennnet.com/5c/BOW.pennnet.com/ros/L19/714699785/Right2/PennWell/applied_scientific_bow_recthpp/AppSci_BOW_RHPP_140724.jpg.html/3433537a716c5032572b30414246346b
http://ads.pennnet.com/5c/BOW.pennnet.com/ros/L19/188488330/Right3/PennWell/UTC_bow_rect_hpp/SenUnlRev_BOW_RHPP_140731.jpg.html/3433537a716c5032572b30414246346b

9/1/2014 OPTOGENETICS: Noninvasive optogenetics potentially promising for human applications - BioOptics World

UV-visible-NIR microspectrophotometer from CRAIC Technologies
08/27/2014

Six-axis positioning system for tumor treatment and surgery from PI
08/21/2014

TOPIC INDEX

View BioOptics World articles by topic, A-Z

http:/Amwww.bioopticsworld.com/articles/print/volume-7/issue-4/departments/biooptics- breakthroug hs/optog enetics-noninvasive-optog enetics-potentially-promisi...  10/12


http://www.bioopticsworld.com/content/bow/en/articles/2014/08/uv-visible-nir-microspectrophotometer-from-craic-technologies.html
http://www.bioopticsworld.com/content/bow/en/articles/2014/08/six-axis-positioning-system-for-tumor-treatment-and-surgery-from-pi.html
http://www.bioopticsworld.com/topics

9/1/2014 OPTOGENETICS: Noninvasive optogenetics potentially promising for human applications - BioOptics World

BIOOPTICS WORLD ARCHIVES

View BioOptics World past articles.

TWITTER- BIOOPTICS WORLD

Tweets Follow

BioOptics World

#Optogenetics swaps out negative #memories
for positive ones in mice fw.to/6hqrHkO
#biooptics

OFS Optics

of_s

@StratsInBiopho See you soon in Boston at
@ofs_medical booth #300 with Steve Allen
#SIB14 ofsoptics.com/blog/?p=160
pic.twitter.com/P6yydDsNUO

ptics Mobile Apps -

WORLD
Read the digital magazine on your iPad®, Android™, or Kindle

http:/Amwww.bioopticsworld.com/articles/print/volume-7/issue-4/departments/biooptics- breakthroug hs/optog enetics-noninvasive-optog enetics-potentially-promisi...  11/12


https://twitter.com/hashtag/Optogenetics?src=hash
https://twitter.com/hashtag/memories?src=hash
http://t.co/Iud0tOhZCs
https://twitter.com/hashtag/biooptics?src=hash
https://twitter.com/BioOptics
https://twitter.com/StratsInBiopho
https://twitter.com/ofs_medical
https://twitter.com/hashtag/SIB14?src=hash
http://t.co/EocYmcjKbb
http://t.co/P6yydDsNU0
https://twitter.com/BioOptics
http://twitter.com/ofs_optics/status/505026043695341569/photo/1
https://twitter.com/ofs_optics
https://twitter.com/BioOptics/statuses/505387168227807232
https://twitter.com/ofs_optics/statuses/505026043695341569
https://twitter.com/BioOptics
https://twitter.com/BioOptics
https://twitter.com/intent/tweet?screen_name=BioOptics
http://www.bioopticsworld.com/content/bow/en/articles/2011.html
http://ads.pennnet.com/5c/BOW.pennnet.com/ros/L19/47194047/Bottom/PennWell/bow_house_bow_leaderhpp2/BOWMob_BOW_LBHPPtb_131031.html/3433537a716c5032572b30414246346b

9/1/2014 OPTOGENETICS: Noninvasive optogenetics potentially promising for human applications - BioOptics World

f ¥ in M
Copyright © 2007-2014. PennWell Corporation, Tulsa, OK. All Rights Reserved.PRIVACY POLICY
| TERMS AND CONDITIONS

UTILITY RESOURCES TOPICS

Home Webcasts Newsletters Bioscience

About Us Events Video Bioimaging

Contact Us RSS Feeds Blogs Biomedicine

Subscribe Jobs Technical Digests Biophotonics Techniques
Advertise Products Mobile Apps Biophotonics Tools

SECTOR PUBLICATIONS The Magazine STAY CONNECTED

Laser Focus World Current Issue Twitter
Laser Focus World Japan Online Archives Facebook
Laser Focus World China Subscribe LinkedIn

Industrial Laser Solutions
Industrial Laser Solutions China

Industrial Laser Solutions Japan

~ IR AT T - o L
CHTO WIEW MORE PEMMWELL SITES s

http:/Amwww.bioopticsworld.com/articles/print/volume-7/issue-4/departments/biooptics- breakthroug hs/optog enetics-noninvasive-optog enetics-potentially-promisi...  12/12


http://www.facebook.com/pages/BioOptics-World/131802223749
http://twitter.com/BioOptics
https://www.linkedin.com/groups/BioOptics-World-3134550
http://www.bioopticsworld.com/content/bow/en/rss.html
http://www.pennwell.com/index/privacy-policy.html
http://www.bioopticsworld.com/terms-conditions.html
http://www.bioopticsworld.com/content/bow/en/index.html
http://www.bioopticsworld.com/content/bow/en/index/about-us.html
http://www.bioopticsworld.com/content/bow/en/index/contact-us.html
http://www.bioopticsworld.com/content/bow/en/subscribe.html
http://www.bioopticsworld.com/content/bow/en/advertise.html
http://www.bioopticsworld.com/content/bow/en/webcast-listing.html
http://www.bioopticsworld.com/content/leds/en/event-listing.html
http://www.bioopticsworld.com/content/bow/en/rss.html
http://www.bioopticsworld.com/content/bow/en/jobs.html
http://www.bioopticsworld.com/content/bow/en/products.html
http://www.bioopticsworld.com/content/bow/en/newsletter.html
http://www.bioopticsworld.com/content/bow/en/video.html
http://www.bioopticsworld.com/content/bow/en/blogs.html
http://www.bioopticsworld.com/content/bow/en/digest-listing.html
http://www.bioopticsworld.com/content/bow/en/mobileyourway.html
http://www.bioopticsworld.com/content/bow/en/bioscience.html
http://www.bioopticsworld.com/content/bow/en/biophotonics-techniques.html
http://www.bioopticsworld.com/content/bow/en/biophotonics-tools.html
http://www.laserfocusworld.com/
http://www.lfw-japan.jp/en/
http://www.laserfocusworld.com.cn/
http://www.industrial-lasers.com/index.html
http://us.industrysourcing.com/Page/Magazine/MagazineProfile.aspx?id=48&issueID=3103&dif=special
http://www.ils-japan.jp/
http://www.bioopticsworld.com/articles/print/volume-7/issue-4/departments/biooptics-breakthroughs/content/bow/en/currentissue.html
http://www.bioopticsworld.com/content/bow/en/archives.html
http://www.bioopticsworld.com/content/bow/en/subscribe.html
http://twitter.com/BioOptics
http://www.facebook.com/pages/BioOptics-World/131802223749
http://www.linkedin.com/groups/BioOptics-World-3134550html

