
 

How a 'jellyfish'-shaped structure relieves
pressure in your cells
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The new study, published recently in the journal eLife, shows that SWELL1 is
made of six subunits that meet on top, bundling together to form a jellyfish-like
mantle with six tendrils hanging down. Credit: Kefauver et al, Scripps Research

Scientists at Scripps Research have solved the structure of a key protein
that senses when our cells swell. This protein, called SWELL1 (or
LRRC8A), works as an "ion channel" on the cell membrane to relieve
pressure inside cells.
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The new study, published recently in the journal eLife, shows that
SWELL1 is made of six subunits that meet on top, bundling together to
form a jellyfish-like mantle with six tendrils hanging down.

"This structure provides a first glimpse into how this ion channel senses
changes in volume in a cell," says Jennifer Kefauver, graduate student at
Scripps Research, the Howard Hughes Medical Institute, and first author
of the new study.

SWELL1 was discovered in 2014 in the lab of Ardem Patapoutian,
Ph.D., professor at Scripps Research and investigator with the Howard
Hughes Medical Institute. The discovery opened the door to crucial
studies into how the protein functions.

The next important step was to shed light on SWELL1's molecular
structure. The scientists aimed to understand the basics of how this ion
channel senses changes in volume. To do this, they needed to take a look
at the channel's molecular machinery.

Kefauver spearheaded studies as a joint student between the labs of
Patapoutian and Andrew Ward, Ph.D., professor at Scripps Research
and leader in a high-resolution imaging technique called cryo-electron
microscopy (cryo-EM). Kefauver used cryo-EM techniques to solve
SWELL1's jellyfish-like structure and get a first look at how ions can
travel through the channel's central pore. "Jennifer pursued the structure
of SWELL1 with great tenacity, leaving no stone unturned and
overcoming enumerable hurdles. It was wonderful to see the fruits of her
labor result in such a beautiful structure," said Ward.

This new look at the ion channel suggests that interacting parts of the
tendrils-sites that have a positive or a negative charge-sense a change in
ionic strength in the cell (a dilution of the cell's salt contents as it absorbs
water). The charged residues could send a signal up to the pore of the
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channel, telling the channel to release chloride ions from the cell and
relieve the pressure.

Kefauver is hoping this new view of the structure can fuel medical
research. SWELL1 has a role in at least one disease-an immune
deficiency called agammaglobulinemia. "Having the structure is really
important for scientists trying to understand how this channel works and
what disease-causing mutations might do."

Next, the researchers took a closer look at how the different parts of the
SWELL1 structure affect channel function. They found that mutating
the protein at either of two sites keeps the structure from properly
controlling traffic through the ion channel.

The new study shows bundles of the SWELL1 subunit alone-and
scientists know that SWELL1 has to be there for a functional channel.
But up to four other subunits can swap into the structure at different
sites. Kefauver says the next step is to determine how different
combinations of SWELL1 subunits come together to form ion channels
with different activities.

  More information: Jennifer M Kefauver et al, Structure of the human
volume regulated anion channel, eLife (2018). DOI:
10.7554/eLife.38461
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