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The ability to rapidly, safely and effectively silence the electrical activity of individual
neurons or neuron populations in the brain is invaluable in the analysis of how specific
neurons, pathways, and subcircuits contribute to brain computations. A major barrier
to in vivo silencing is the light power attenuation created by tissue and hemoglobin
optical absorption. Computational modeling of light scattering and absorption in brain
tissue using realistic parameters (e.g., including blood at in vivo densities) suggests
that 660 nm light could be used to inactivate tissue at distances of 7-10 millimeters
(i.e., a significant fraction of the linear dimension of the mouse or rat brain) away from
a light source emitting light at modest irradiances (e.g., 100 mW/mmg2).

We here present an optimized form of a red-light drivable halorhodopsin, which we
have nicknamed Halo57, that we recently found in a genomic screen (Chuong et al.,
Society for Neuroscience, 2010). Halo57 has its action spectrum peak at 605 nm,
and thus has a spectrum red-shifted relative to the N. pharonis halorhodopsin.
Halo57 operates with ~65% of its peak photocurrent when irradiated with 633 nm
light, and operates with ~40% of its peak photocurrent when irradiated with 660 nm
light. Halo57 also expresses well in neurons, showing less aggregation than the N.
pharaonis halorhodopsin.

The optimized form of Halo57 that we present, which bears several point mutations
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as well as sequences to augment trafficking, exhibits photocurrents at 633 to 660 nm
that are over 3x greater than those mediated by any previously publicly described
opsin at 633 to 660 nm. We are now exploring the use of this red light drivable
silencer to mediate long-distance, and less invasive, inactivation of neural activity in
the mammalian brain.
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