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A fear-like response in worms has parallels in human anxiety

A

nimal survival depends on the ability
to sense predators and generate appropriate behavioral and
physiological changes. Such defensive
response, including the commonly
observed “ﬂight or freezing,” are often
hard-wired into the genome of the
prey—for example, mice reliably exhibit fear-like responses to cat odors
despite not having encountered cats
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C. elegans (right) exposed
to sulfolipid chemicals from
one of its natural predators, P.
pacificus, quickly reverses
direction in a response analogous to human fear.

for hundreds of generations.
Studies of both vertebrates and
invertebrates indicate that signaling
between predators and prey usually
involves multiple senses, including
sight, hearing, and most frequently
smell. Considerable progress has
been made in identifying the sensory
neurons that detect predator-released
odors. In mice, the chemosensory

neurons in the olfactory system—
vomeronasal organ (VNO), Grueneberg ganglion, and main olfactory
epithelium—have been shown to
trigger defensive behavior through
detection of signals from cat urine
and fox feces. These neurons project
to higher brain regions, where predator odor information is processed, to
generate defensive behavior. While
neural circuits that detect odors vary
between individuals, those that sense
predator-released odors appear to be
the same for members of the same
species. However, the precise identities of the participating neurons,
their connections, and the nature of
the circuit computations driving this
invariant defensive behavior have remained elusive.
As we reported in the March 19,
2018 issue of Nature Communications, we approached these questions
by analyzing the response of the
nematode Caenorhabditis elegans to
a predatory nematode Pristionchus
paciﬁcus. Nematodes are microscopic
worms and are the most numerous multicellular animals on Earth.
These two nematodes likely shared
a common ancestor around 350 million years ago. Recent studies have
shown that the somewhat larger P.
paciﬁcus is a facultative predator; it
will kill and consume C. elegans if its
own nervous system is under crowded
and/or starvation conditions.
C. elegans, with its fully mapped
neural network, comprising just 302
neurons connected by identiﬁed
synapses and powerful genetic tools,
is ideally suited for molecular and
circuit-level analysis of complex
behavior. Combining chemical and
genetic methods, we dissected the signaling circuits underlying C. elegans’
responses to P. paciﬁcus. We found
that a novel class of small molecules—
sulfolipids, or fatty acids—excreted
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