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Small brains, big picture: Study unveils C.
elegans' microscopic mysteries

March 5 2019

(Left to right) Dr. Yuto Momohara, Dr. Takashi Murayama, Prof. Ichiro
Maruyama, Professor Jeff Wickens and Dr. Ei-ichiro Saita started a
collaboration between the Information Processing Biology Unit and the
Neurobiology Research Unit to study the neurons in the C. elegans brain. Not
pictured are first author Dr. Tomomi Shindou and Dr. Mayumi Ochi-Shindou.
Credit: OIST
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It's the small pieces that make the big picture, and in this case, the pieces
can't be seen by the naked eye. New research at the Okinawa Institute of
Science and Technology Graduate University (OIST) used microscopy
techniques to piece together the brain of the millimeter-long
Caenorhabditis elegans, revealing that their neurons fire action
potentials—a spike in voltage when neurons transmit sensory
information in the cell membrane. Their results could lead to better
understanding of nerve signal transmission in the organism and serve as a
future model for neuronal information processing in other animals,
including humans.

Scientists from the Information Processing Biology Unit (IPBU) and the
Neurobiology Research Unit (NRU) at OIST collaborated on the project.
The IPBU had the technology to genetically modify C. elegans, while the
NRU had experience recording electrical signals from the worm's tiny
neurons. Although generally thought to lack the ability to fire action
potentials—the all-or-none pulses needed for decision-making—Prof.
Ichiro Maruyama, principal investigator of the IPBU, had results that
suggested the worm's neurons did fire action potentials. To confirm his
suspicions, he wanted further data using electrophysiology, which his lab
was not actively doing, so he shared his ideas with Prof. Jeff Wickens,
head of the NRU and researchers Tomomi and Mayumi Shindou.

Seven years later, the collaboration paid off; the completed study was
published in Scientific Reports on March 5, 2019. Before the project, the
common perception was that C. elegans neurons only responded in a
graded way with analog signals. The work showed, however, that the
neurons would fire an action potential if they crossed a threshold, a more
digital type of signaling.

"The main thing this paper shows is that the neurons we study fire action
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potentials,” Wickens said. "Now, C. elegans neurons have both active
and passive transmission, so all these mechanisms are essential for
sensory processing, even in the smallest of neurons."

To observe sensory processing in C. elegans, Maruyama and his team
applied salt to the tip of the worm's nose. They increased and decreased
the salt concentration, seeking different reactions from the worm and
monitoring the electroactivity of its neurons. They found that an increase
in salt first affected a neuron on the left side of the brain, then triggered
signals causing the worm to move forward. A decrease caused a neuron
on the right side to send signals for the worm to move backwards.

"This pair of neurons have the same structure and name, but completely
opposite functions," Maruyama said. "Using those two neurons together
is very efficient for the worm to reach a place with a preferable salt
concentration."

Developing Miniscule Methods

Researching C. elegans imposes a challenge—the brain of C. elegans has
302 neurons, while an ant has 250,000 and a mouse has 75 million.
Wickens put his former postdoc and first author of the paper, Dr.
Tomomi Shindou, in charge of developing the methodology for the
project. The work took four years of trial and error to create the right
techniques, and three more for collecting data.

The NRU created a sharp glass needle less than the size of a micrometer.
They used the needle to extract a brain cell from C. elegans after the
worm was exposed to salt. This method is like using tweezers to extract a
splinter from a finger.

"Only a handful of labs in the world can do this," Maruyama said. "Once
the cell was extracted, the scientists used electrophysiology—measuring
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voltage change in cells to track neurons viewing active and passive
activation. The scientists also used calcium imaging to produce more
data, and observed freely moving worms that had been exposed to the
salt.

"You can express a calcium sensor protein in a particular neuron—if the
neuron is activated, it will light up," Maruyama said. "Once neurons are
activated, they produce a green fluorescence, and now you are detecting
the neuron activity with the fluorescent microscope. The data from the
two tests perfectly matched."

"Perfectly matched data" is a phrase every researcher hopes to hear. The
results suggest that the accepted dogma—that these worms only send
passive signals—is wrong. The remarkable finding also opens a door to
improved neural mapping in the future.

"Every C. elegans has the same set of neurons connected in the same
way, unlike a mouse brain, which is a jungle of connections," Wickens
said. "If we can get a better understanding of this simple nervous system,
for which we have a kind of circuit diagram, we can get insights on how
more complicated brains operate at a bigger scale."

More information: Tomomi Shindou et al. Active propagation of
dendritic electrical signals in C. elegans, Scientific Reports (2019). DOI:
10.1038/541598-019-40158-9
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