Journal of Life Science 2015 Vol. 25. No. 8. 953~959

ISSN (Print) 1225-9918
ISSN (Online) 22873406
DOl : http://dx.doi.org/10.5352/JLS.2015.25.8.953

- Review -

Optogenetics: a New Frontier for Cell Physiology Study

Jonghoe Byun®

Department of Molecular Biology, Dankook University, Yongin 16890, Korea
Received August 18, 2015 /Revised August 24, 2015 /Accepted August 25, 2015

Optogenetics is the combination of optical and molecular strategies to control designated molecular
and cellular activities in living tissues and cells using genetically encoded light-sensitive proteins. It
involves the use of light to rapidly gate the membrane channels that allows for ion movement.
Optogenetics began with the placing of light-sensitive proteins from green algae inside specific types
of brain cells. The cells can then be turned on or off with pulses of blue and yellow light. Using the

naturally occurring algal protein Channelrhodopsin-2

(ChR2), a rapidly gated light-sensitive cation

channel, the number and frequency of action potentials can be controlled. The ChR2 provides a way
to manipulate a single type of neuron while affecting no others, an unprecedented specificity. This
technology allows the use of light to alter neural processing at the level of single spikes and synaptic
events, yielding a widely applicable tool for neuroscientists and biomedical engineers. An improbable
combination of green algae, lasers, gene therapy and fiber optics made it possible to map neural cir-
cuits deep inside the brain with a precision that has never been possible before. This will help identify
the causes of disorders like depression, anxiety, schizophrenia, addiction, sleep disorder, and autism.
Optogenetics could improve upon existing implanted devices that are used to treat Parkinson’s dis-
ease, obsessive-compulsive disorder and other ailments with pulses of electricity. An optogenetics de-
vice could hit more specific subsets of brain cells than those devices can. Applications of optogenetic

tools in nonneuronal cells are on the rise.
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Fig. 1. Principles of optogenetics. The cells that harbor light-sensitive rhodopsin channels can be selectively stimulated or inhibited,
giving cellular specificity. Channelrhodopsin (ChR2) is gated by the blue light (470 nm) to stimulate the neuron (Inward
movement of Na* ion), whereas Halorhodopsin (NpHR) is gated by yellow light (589 nm) to inhibit the neuron (Inward
movement of CI'). Halorhodopsin is a light-activated chloride pump from Archaebacterium Natronomas pharaonis that is in-
activated after 1 sec. Optogenetic tools provide projection specificity, which is very difficult to obtain by conventional electric
stimulation method, due mainly to the large size of electrodes.
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Fig. 2. Selective multicolor silencing using different opsin proteins in different neurons. The neuron expressing Halo (Natronomonas
pharaonis halorhodopsin) is inhibited by red light (630 nm), whereas the one expressing Mac (Leptosphaeria maculans opsin)
is inhibited by blue light (470 nm). Modified from Chow ef al. (2010) & Boyden (2011).
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