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Electrophysiological dissection of local neural -circuits by optically

manipulating neuronal activity with photosensitive melanopsin expression
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Melanopsin (OPN4) is a photosensitive pigment, originally from a certain
type of retinal ganglion cells, that is a 7-transmembrane G-protein coupled
receptor (GPCR). Several previous reports showed that ectopic expression of
OPN4 can be used as a tool for optogenetics to control neural activity in
retina and various nervous tissues. As compared with other optogenetical
pigments, OPN4 is more sensitive to light and shows long-lasting activation,
and it also can control Ca2* influx. In this present study, we established novel
transgenic mice by using tetracycline-regulated inducible gene expression

system that successfully enabled us to control neural activity of specific
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neurons such as hypothalamic orexin neurons and retinal neurons by blue

light in vitro and in vivo.
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Figure 1. Ectopic expression of OPN4 in retinal ganglion cells

(green). Ectopic expression of OPN4 enabled control neural activity

by blue light (PNAS, 2008).
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Figure 2. Local neural circuit of retinal bipolar cells (BP)-amacrine
cells (AC)-ganglion cells (RGC). This local neural circuit is
responsible for parallel processing of visual information in retina.
Ectopic expression of OPN4 in bipolar cells could enable us to

control this circuit in intact retina by blue light.
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Figure 3. Ectopic expression of OPN4 in hypothalamic orexin neurons of the double transgenic mice, Orexin-tTA; Bitet-O
hOPN4/mCherry mice. (A) Almost 80% of Orexin neurons (green) were positive for hOPN4/mCherry (red). (B) Blue light
induced wekefullness from SWS in vwivo (Electroenchephalograpy [EEG] and Electromyography [EMG] were

simultaneously recorded to check the sleep status). (in submission)
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