
 

Temporary disconnects shed light on long-
term brain dysfunction
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Red and green dots reveal a region in the brain that that is very dense with
synapses. A special fluorescent protein allows Dr. Ofer Yizhar and his group to
record the activity of the synapses. Credit: Weizmann Institute of Science

Will we ever be able to understand the cacophonous chatter taking place
between the 80 million neurons in our brains? Dr. Ofer Yizhar and his
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group in the Weizmann Institute of Science's Neurobiology Department
have taken a large step in this direction with a new research method that
can provide scientists with targeted control over vital parts of the brain's
communications.

Yizhar works in the relatively new field of optogenetics, in which
scientists use genetic engineering and laser light in thin optical fibers to
investigate the living brain. With these tools, scientists can modulate and
control the activities of nerve circuits in the brain, and thus begin to
unravel the networks of links and nodes in the brain's communications
systems.

Yizhar is particularly interested in the long-distance communications
between nerve cells in different areas of the brain. "The coordination
between different brain systems is vital to the normal functioning of the
brain. If we can understand the extended lines of communication
between cells that are in the different regions of the brain - some of
them quite far from one another," says Yizhar, "we might be able, in the
future, to understand the changes that take place in the brain in diseases
such as depression, anxiety and schizophrenia. Because we do not have
an understanding of these diseases on a functional level, we are sorely
lacking good ways to treat them."

Optogenetics involves inserting a gene for a light-sensitive protein into
the neurons, using a modified virus. These neurons then become
activated when light is focused on them through the thin optical fibers.
Yizhar and his team established a method that allows them to zoom in on
a particular part of the brain's network: the "communications cables" that
link up the entire brain. These "cables" are the axons - thin extensions of
the nerve cells that carry electric pulses from the cells' centers. Some
axons are relatively short and linked to nearby neurons, but others can be
lengthy, reaching out to distant regions of the brain.
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In the new study, which was published in Nature Neuroscience, the team,
led by PhD student Mathias Mahn, showed that optogenetic techniques
can be used to temporarily silence these long-range axons, effectively
leading to a reversible "disconnect" between two distant brain nodes. By
observing what happens when crucial connections are disabled, the
researchers were able to begin to filling in the picture of the axons' role
in the brain's internal conversation. Since mental and neurological
diseases are often thought to result from changes in long-range brain
connectivity, these studies could contribute to a better understanding of
the mechanisms behind health and disease in the brain.

"The research led us to a deeper understanding of the unique properties
of the axons and synapses that form the connections between neurons,"
says Yizhar. "We were able to uncover the responses of axons to various
optogenetic manipulations. Understanding these differences will be
crucial to unraveling the mechanisms for long-distance communication
in the brain."

  More information: Mathias Mahn et al. Biophysical constraints of
optogenetic inhibition at presynaptic terminals, Nature Neuroscience
(2016). DOI: 10.1038/nn.4266
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