
 

Neuroscientists learn how channels fine-tune
neuronal excitability

January 26 2011

Scientists in the Hotchkiss Brain Institute at the Faculty of Medicine,
University of Calgary, have discovered a new mechanism that nerve cells
(neurons) use to fine-tune their electrical output. The exciting discovery,
published this week in the prestigious journal Nature Neuroscience,
provides new insights about how the activity of the nervous system is
regulated at the cellular level.

Nerve cells in our nervous system use electrical impulses to transmit
signals throughout our body. One way that they do this is through the
trafficking of calcium channels through to the outer surface (plasma
membrane) of the cell. Calcium entry into a neuron through a calcium
channel is a critical first step in allowing communication between 
neurons.

HBI researchers Gerald Zamponi Ph.D., Christophe Altier Ph.D. and
Agustin Garcia-Caballero Ph.D. study how calcium channels, and the
proteins that associate with them, help control nerve cell activity. They
explored how one such protein, the beta subunit, can act as a regulatory
mechanism for the 'L-type' calcium channel. These channels play an
important role in the proper functioning of nerve, muscle, and cardiac
pacemaker cells, but when the channels are overactive this has negative
consequences that can give rise to conditions such as autism and
hypertension.

The new finding adds significantly to our understanding of calcium
channel function in health and disease, including several debilitating
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conditions. "The abnormal regulation of 'L-type' calcium channels has
been linked to conditions such as epilepsy, cardiac arrhythmia and
chronic pain" says Altier, "and so understanding the role of regulatory
influences such as the beta subunit will be an important part of treating
these diseases."

These channels control when, where and how much calcium is allowed to
enter the cell, determining not only that cell's 'electrical' response, but
also its ability to regulate gene expression and other cellular functions.
They achieve this fine balance in numerous ways, including by
associating with auxiliary proteins such as the calcium channel beta
subunit. Researchers know the beta subunit can regulate the number of
calcium channels on the membrane of a cell but until now, it wasn't
known how it achieved this effect.

In their paper, Zamponi and colleagues reveal the mechanism by which
the beta subunit regulates 'L-type' calcium channel movement. They
show that the beta subunit stabilizes the channel and blocks a site that
would otherwise mark the channel for removal and degradation, a
process called endoplasmic reticulum-associated protein degradation
(ERAD).

"The beta subunit essentially acts as a molecular switch," says Zamponi,
Head of the Department of Physiology & Pharmacology, "it determines
the fate of the channels by controlling where they end up and therefore
if they can let calcium into the cell or not."

Zamponi believes that revealing the mechanism by which the beta
subunit regulates sorting and trafficking of 'L-type' calcium channels will
highlight fundamental regulatory mechanisms that are common in other
calcium channel types.

  More information: Study can be found at Nature Neuroscience: 
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www.nature.com/neuro/journal/v … nt/full/nn.2712.html
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