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3-D Chip Promises Better Brain Control

A new device will let scientists create complex patterns of activity within the
brain using optogenetics.

By Courtney Humphries on November 29, 2012

Optogenetics, which pairs light-sensitive genes with a light source to selectively switch brain cells on or
off, has shown promise as a research tool and a potential therapy. But the technology mostly delivers
light to one spot, whereas brain activity usually involves complex sequences of activation in different
locations. A new device takes optogenetics into three dimensions, with the ability to send patterns of
light to neurons at various codrdinates in the brain.

“In the coming few years, there will be tons of devices like this,” said llker Ozden, a research assistant
professor in the Nanophotonics and Neuroengineering Laboratory at Brown University. Ozden was not
involved in the research but is one of several researchers working on similar technologies.

“The brain is a 3-D object,” says Ed Boyden, lead author of the paper and head of the Synthetic Biology
Group at MIT’s Media Lab.

Most optogenetics studies to date have used just one or two optic fibers to turn a piece of brain tissue
on or off. Labs are now looking for ways to expand their level of control. While using a single light is like
playing one note, Boyden says, a 3-D probe makes it possible “to play the brain like a piano.”

Two years ago, Boyden’s team, in collaboration with Clifton Fonstad’s lab at MIT, created a linear
optogenetics probe with many parallel passages for light called waveguides, allowing light to be directed
to any of several different points along the length of the probe.

The new device, described in the November 20 issue of Optics Letters, takes the technology further by
creating an implantable, microfabricated block of these tiny prongs, each of which can emit light at many
different depths. Boyden’s team used a laser light source and an array of tiny mirrors, which turn the
light away or toward the individual waveguides, to create a pattern in time and space, while microlenses
focus the light down the waveguides into the brain. Mirrors at the ends of the waveguides send the light
out into cells.

The paper doesn’t demonstrate its use in the brain, but Boyden says his team is currently implanting the
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device into the brains of living mice and activating neurons in patterns.

The goal is to boost the amount of information and control that current optogenetics systems deliver.
“With a 3-D array, there are a variety of things you can do that weren't possible,” Boyden says. For
instance, the technology could be used to systematically pinpoint the exact region of cells responsible
for a specific behavior, or to create randomly generated patterns to study their effect.

It could also give much more control and flexibility to optogenetics-based neural prostheses, which
Ozden says must deliver patterns of stimulation to different areas of the brain to be really effective.
Boyden says that another long-term goal is to understand the specific sequences of brain activity that
underlie disease processes or the brain’s response to therapies. These patterns could then be used as a
way to test the efficacy of a drug, or to develop better interventions for disease.
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