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Abstract: Sensory system, as the initiation of neural activities, allows animals to detect and update
dynamic information of the external world. Losing any sensation can threaten survival. Due to the
complexity of higher animals' sensory systems, neuroscientists usually use simple animals for basic
studies, such as the Caenorhabditis elegans. Two sensations, mechanosensation and
chemosensation, allow nematode to detect mechanical (e.g., gentle touch, harsh touch) and
chemical stimulations (e.g., odors, salts, oxygen), respectively. Both sensations are felt by related
sensory neurons and translate to action potentials which downstream neurons can read. These
translational processes were known as mechanotransduction and chemotransduction. This revived
introduced C. elegans' sensory system to explain how each transduction is achieved by revealing
underlaying molecular mechanisms. Mechanotransduction of C. elegans is functioned by the gating
of ion channels on the mechanoreceptor neurons (MRNSs). Different mechanical stimulation
regarding its force can activate distinct neurons, in addition, to different ion channels. For example,
gentle touches are sensed by the DEG/ENaC channels, expressed on the touch receptor neurons
(TRNSs). Harsh touches are detected by the TRP channels, which are expressed on the harsh touch
neurons. Two putative models of mechanotransduction proposed that channels are either tethering
with both intracellular microtubules and extracellular matrix or only tethering with microtubules to
directly regulate channel gating. Chemotransduction of C. elegans is unitarily mediated by
G-protein coupled receptors (GPCRs). Like mechanosensation, different chemosensory neurons are
responsible for probing different chemicals. This differentiation is represented by the downstream
signalling pathways of initially activated GPCRs. Currently, there are two pathways: the
OSM-9/0CR-2 TRPV channel mediated signalling pathway and the cGMP-gated channel mediated
signalling pathway.

1. Introduction

The mammalian sensory system often includes auditory, olfactory, somatosensory, gustatory and
vision. A complete sensory circuit involves three steps: detecting stimulation and converting it to
electric signals (sensory receptor neurons), transporting it to the brain (neural pathways) and sensory
processing (brain). Dysfunction of any part of the circuit can lead to a crash of the whole system.
Even damages to the latter two are untreatable due to the complexity of the cortical neural system
and lack of a method to target. Curing sensory receptor neuron dysfunction of sensory organs is
theoretically achievable. Several approaches such as drug modulations [1] and stem cell medicated
regeneration [2, 3] have been implicated in sensory system regulation. Therefore, understanding
sensory receptor neurons and underlaying mechanisms are required to establish effective therapeutic
strategies and drugs. However, studying human and mammalian sensory systems is limited by
existing biological approaches and economic reasons (e.g., cost and time). Even modern understating
in the field of the mammalian sensory systems has been profoundly promoted, we still rely on the
studies on the simple model organisms such as drosophila, worms, and rats to reveal the mechanism
underlaying the behaviors for multiple scientific and real-world reasons. For instance, completed
gene sequencing and neuron identification can advance studies of sensory neurons. Hence, selecting
simple animals known as the model organisms can avoid such difficulties. The nematode
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Caenorhabditis elegans, as one of the simplest organisms, only has 302 neurons whose functions
were almost identified [4]. Also, the complete gene sequencings were identified as well [5].
Therefore, knowing the sensory receptor neurons of this model animal can be beneficial for
promoting our understandings of sensory mechanism as a whole, thus, implicating mammals. This
review concentrated on the two main types of the sensory system of C. elegans, which are
mechanosensation and chemosensation. Neural correlate components and neurons were introduced
with each sensation involved molecular mechanism.

2. Mechanosensation in the C. elegans

Mechanosensation refers to the perception of mechanical forces generated either by colliding with
external objects (e.g., soil and other animals) or by sensing the internal colliding while moving (e.g.,
stretching). Mechanosensation is highly dependent on mechanotransduction, which is the process of
converting mechanical forces to electrical signals. Numerous studies have found 30
mechanosensation correlated neurons in hermaphrodites and 52 additional neurons in males [6] by
using cell abortion and genetic methods. These neurons are known as the mechanoreceptor neurons
(MRNSs). Since mechanotransduction is a rapid process that second-messenger signaling pathways or
hormonal regulations cannot medicate, therefore, it is inferred to rely on ion channels, which are
directly gated by mechanical forces [7]. Therefore, MRNs are so unique by containing
mechano-electrical transduction (MeT) channels on their lipid bilayers, which are believed to drive
the mechanotransduction by evoking the rapidly activating mechanoreceptor currents (MRCs).
Genetical and electrophysiological methods have characterized several MeTs in C. elegans, such as
transient receptor potential (TRP) [8] and degerin/epithelial Na+ channel (DEG/ENaC) channel [9].
However, no study has suggested that recently discovered Piezo channels that mediate the
mechanosensation in mammals [10] are involved in the C. elegans touch circuits.

2.1 Mechanoreceptor neurons (MRNSs) of the C. elegans

Even all MRNs in C. elegans are responsible for mechanotransduction. However, their functions
and sensitivities vary among families. Some MRNs detect external forces, while others only respond
to internally generated stimuli. The latter often refers to the interneurons, which do not directly
respond to the external forces, but they are indispensable for postural sensation and locomotion. In
addition, the sensory dendrites of MRNs can be either ciliated or nonciliated. Ciliated MRNs can be
exposed to external environments. More importantly, different MRNs can have different ranges of
the threshold of the action potential. This threshold specificity allows C. elegans to distinguish a
gentle touch and prodding with a nail. For instance, PVD neurons were found mediating the strong
stimuli (greater than ~100uN) only, while touch receptor neurons only respond to ~10uN touches
(Iris Chin, M.B.G., and Marty Chalfie, unpublished).

2.2 Touch receptor neurons

2.2.1 Gentle touch sensation depends on multiple touch receptor neurons

Gentle touch, as known as weak mechanical stimuli, would activate nonciliated touch receptor
neurons (TRNs), a member of MRNs in C. elegans. Gentle touches were usually induced by hitting
the worm with soft hair. These weak mechanical stimuli were found able to activate escape
behaviors. Touches to the anterior half of the C. elegans led to a backward movement while
stimulating the posterior half (tail) made worms accelerate forward [11]. It is because that touch
sensation is dependent on multiple neurons along the worm body which their receptive fields and
signaling pathways are different due to distinct motor outputs. Chalfie and his team later found that
there were six nonciliated touch receptor neurons, including the anterior located bilaterally
symmetric pair of neurons (ALML, ALMR), the posterior located bilaterally symmetric pair of
neurons (PLML, PLMR), mid anterior located AVM neuron and mid posterior PVM neuron [11,
12]. Each touch receptor neuron innervates about one-half of the worm's body length. Hence, an
intact three-dimensional receptive field is established. Cooperation among touch receptor neurons
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facilitates backwards and forward escape reflex. Moreover, touch stimuli to the C. elegans noses also
evoked avoidance responses which are directly detected by the other three neurons: ASH, FLP, and
OLQ [13]. Mutant worms and laser-induced worms which lack those neurons lost avoidance
responses when inducing the gentle touches [13].

AVM and the pair of ALM neurons (ALML and ALMR) respond to anterior touches (backward
movement). In contrast, the pair of PLM neurons (PLMR and PLML) are responsible for posterior
touches (forward movement) [12]. The function of PVM neurons remined controversial. Some
studies suggested that PVM neurons would receive a response to gentle posterior touches but are not
involved in the activation of escape behaviors [14]. However, others suggested that P\VM neurons
alone are insensitive to a touch stimulus, but their synaptic structures suggested that PVM neurons
may play roles in anterior touch sensation [12].

2.2.2 The DEG/ENaC channel complex mediated mechanotransduction of TRNs

The convincing evidence had reported that mechanotransduction of TRNs in C. elegans was
mediated by the DEG/ENaC channels, a voltage-independent, amiloride-sensitive (Na+ channel
blocker) Na+ channel [9]. In the experiment, in vivo recordings of MRCs in mutant C. elegans had
revealed certain characteristics and molecular components of this type of ion channel. MEC-4 and
MEC-10 are two channel pore-forming subunits, also as known as the degenerins, which
gain-of-function mutations can cause neural degenerations [15]. Two other channel complex proteins
are MEC-2 and MEC-6, form the membrane-anchored complex, which interacts with MEC-4 and
MEC-10 to compose a whole channel complex. DEG/ENaC channel complex was found punctate
distributed in the TRNs by anti-MEC-2 antibody induced visualisation [16]. Moreover, these
channels only respond to transit physical force changes (both positive and negative) but are
insensitive to sustained tensions which like the mammalian Pacinian corpuscles. Additional proteins
include extracellular matrix (ECM) apparatus (MEC-1, MEC-9, and MEC-5) and tubulins (MEC-7
and MEC-12) are also involved. Tubulins form large-dimeter microtubules (because other cells only
contain 11-p microtubules) or 15-protofilament microtubules in TRNs, which the molecular role
remained unclear. Recent studies have found that the 15-p microtubule disruptions could cause touch
insensitivities in C. elegans whose channel complexes were maintained [17], suggesting the 15-p
microtubule might be important for transporting signals which contributing to the mechanosensation
of touch.

2.2.3 Non-DEG/ENaC channel medicated neurons also respond to touch

A very recent study has reported that the C. elegans outer labial lateral (OLL) sensory neurons
also respond to touch sensation and cold [18]. They found that OLL neuron mediated
mechanotransduction was insensitive to amiloride but largely relied on the extracellular Na+ level.
By inducing different mechanotransduction-related candidate channel mutants (e.g., DEG/ENaC,
TRP-4, TMC, and Piezo channel), Fan and his team have concluded that OLL neurons contained a
new molecular pathway of mechanosensation which was mediated by a novel Na+ sensitive channel
[18]. This study realized that more neurons could be involved in the mechanosensation, and the
whole system of mechanosensation could be more complex than current understandings.

2.2.4 Two models of mechanosensation of TRNs

According to channel structures, neuroscientists proposed two putative models for
mechanosensation of TRNs. The first model is called the 'dual-tether model' [19]. In this model, the
mechanoreceptor channel complex is located between 15-p microtubules and ECM proteins and
directly interacts with both-side components. The two pore-forming subunits MEC-10 and MEC-4,
are tethered in the ECM; therefore, physical forces would act on the microtubule thus to pull or push
the channels via MEC-2-microtubules interactions hence to gate channels (Fig. 1). This model is like
mammalian auditory-electrical transduction. However, recent studies have reported that null
mutation of mec-7 and mec-12 genes would not affect touch sensation, suggesting that intracellular
15-p microtubule tethering might not be necessary for channel gating. Hence, scientists proposed the
second model, the 'single tether model' [20]. In this model, microtubule tether in the lipid bilayer
membrane rather than channel complex and channels is only tethered in ECM. External forces would

70



initially act on the membrane for up-down movement and either stretch or compress the channels
like a trampoline (Fig. 1).

2.3 Harsh touch neurons

2.3.1 Distinct responses after gentle and harsh touch

C. elegans can distinguish two types of touch stimuli: gentle touch and harsh touch. Differing
from gentle touch, harsh touch refers to a strong unpleasant or painful stimulation (100-200uN). In
the behavior studies, gentle touches and harsh touches resulted in different responses in C. elegans.
Although both stimulations would trigger the backward movement, the travelled distances (measured
by head swings) of gentle-touch stimulated worms were less than harsh-touch stimulated worms
[21]. This behavioral difference between harsh touch and gentle touch facilitated further
investigations by quantifying the responses.

2.3.2 Harsh touch sensation depends on multiple harsh touch neurons

The sensation of harsh touch is also different from the TRNs-mediated gentle touch circuits. The
dysfunction of TRNs caused by mutating the mec-4 gene [22] only eliminated gentle touch
sensitivities but not harsh touches [23]. Laser ablation of certain neurons facilitated us to investigate
neural correlates of harsh touches sensation. Like gentle touch neurons, receptor fields polarize
between anterior and posterior body segments. BDU, SDQR, FLP, ADE and AQR are responsible
for sensing the anterior harsh touch, in which PVD and PDE are responsible for harsh posterior
touch. Like the TRNs, ADE and AQR are nose-specific neuros for sensing the stimuli near noses
since their dendrites project into the nose tips [24]. The FLP neurons are also located at the noses.
However, their dendrites project to the whole anterior body [24]. Ablation of either PVD or PDE
neurons could lead to severe defects of posterior sensation but not completely abolish it. Ablation of
both neurons led to a total loss of posterior sensation but did not affect anterior sensation [21].
Therefore, it is suggested that PVD and PDE neurons are required for harsh posterior sensation.

2.3.3 The TRP channel regulates harsh touch sensations

Since the worms lacking the mec-4 genes still represented a functional harsh touch sensation [23],
other putative type(s) of channels should be involved. TRP superfamily channels have been revealed
which are involved in the mechanosensation in C. elegans [8]. The C. elegans exhibit 7 sub-branches
of TRP channel proteins, which are encoded by 17 canonical genes in the C. elegans genome [8, 25].
Patch-clamp recordings of harsh touch neurons in different TRP channel complex related mutants
have facilitated scientists to understand how TRP channels participate in harsh touch sensation.
Inspiring by the mammalian TRPAL channels proteins, TRPA channels have been implicated in the
mechanosensation in C. elegans by mutating trpa-1 genes, the ortholog of mouse Trpal [26].
TRPA1L channels have been found in PVD and PDE neurons [26]. The trpa-1(-) C. elegans which
lack TRPAL channels, did not show any defects on harsh touch sensation, suggesting that PVD/PDE
located TRPA channels are dispensable for harsh touch sensation [21]. Moreover, the TRP-4 channel
as the TRPN channel subfamily member has been found to involve the harsh touch sensation in PVD
neurons since the trp-4(-) mutants lost avoidance responses posteriorly [21].

—

Figure 1. Two models of mechanotransduction of TRNs
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A. The dual-tether model, channel complex is tethered in both ECM and microtubules. B. In the
single-tether model, the channel complex is tether only to microtubules. Blue: channel complex.
Yellow: gating complex. Red: microtubules. Black line: cell membrane.

2.3.4 PVD neurons may be regulated by a novel ENaC channel, not the TRP channel

Interestingly, PVD neuron mediated currents may also depend on ENaC channels like TRNs. For
example, Chatzigeorgiou's team found that mec-10(-) C. elegans exhibited no Ca2+ transmission in
response to harsh stimulations, and MEC-10 requires another protein, DEGT-1, a second ENaC
subunit for harsh touch sensation in PVD neurons [27], suggesting that ENaC channels rather than
TRP channels might dominate PVVD neuron sensation.

2.3.5 The MEC-10 involved composite model may explain touch differentiation

ALM neurons were used to establish a new putative model which may explain the correlation
between molecular properties and touch differentiation. Since ALM can detect both gentle and harsh
touches by cross mutating MEC-4, MEC-10 and DEGT-1, they proposed a new model that gentle
touch sensation requires MEC-4 and MEC-10 complex, in which harsh touch sensation requires
MEC-10 and DEGT-1 complex [27]. This new model promoted our understandings of the field of
exploring the molecular bases of touch sensation differentiation.

2.4 Bacterial sensing neurons

The third group of neurons is dopaminergic (DA) neurons which function to sense the bacteria.
The four CEP, two ADE, and two PDE neurons, as the member of MRNSs, are the only class of DA
neurons in the C. elegans' nervous system [28]. They are all ciliated neurons in which CEP neurons
are located at the mouth, the ADE and PDE neurons are located at the bi-lateral midlines under the
cuticle. Again, this division of receptor field is like the other MRNs. When worms collide with a
lawn of bacteria (the food of C. elegans), they would slow down forward movement and crawl on
the bacteria lawn [29]. This locomotory rate decrease response mediated by the mechanosensation of
CEP, ADE, and PDE neurons via DA regulation was called basal slowing response [29]. Mutating
any DA synthesis-related genes (cat-2, cat-4, and bas-1) would result in a loss of basal slowing
response [29]. Additionally, this response is independent of the existence of bacteria since the basal
slowing responses were observed in a three-dimensional matrix of sterile Sephadex G-200 beads (to
mimic the shape of bacteria without other sensory cues) [30]. Even the mechanism and ion channel
involved in this sensation remained unclear. Several studies have provided some hints for future
research. For instance, the bacterial sensing neurons have been found activating the touch receptor
neurons on the cuticle of worms by releasing DA [30]. Additionally, the TRPN1 channels, the
member of TRP-4 channels, had been found in those neurons which are required for
mechanosensation [31].

However, this basal slowing response was only found in well-fed worms since food-deprived
worms would represent the enhanced slowing responses, a more pronounced slowing response [29].
The bacterial sensing neurons do not mediate this response since mutating the DA synthesis related
genes did not affect the enhanced slowing responses [29]. The enhanced slowing responses were
found mediated by the serotonergic neurons in worms, but the mechanism remained unknown [29].

3. Chemosensation in the C. elegans

The law of diffusion realized us that chemicals could spread in an environment. Hence, sensing
surrounding substances can be essential for living, which is known as chemosensation.
Chemosensation allows worms to detect different olfactory and gustatory cues (e.g., salt, odor, and
ions) released from foods and other animals in the environment. Unlike mechanosensation, all
chemosensation-related neurons are ciliated neurons that facilitate direct or indirect chemicals
detection. Eleven bilaterally symmetric pairs of chemosensory neurons consisted of amphid
chemosensory organ of C. elegans are responsible for eliciting chemotaxis, avoidance behaviors and
regulation of locomotion. Each chemosensory neuron can detect a set of attractants and repellents
depending on the receptors expressed on the surface of neurons (Table 1). The chemo-electro
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transduction largely relies on those receptors identified as the G protein-coupled receptors (GPCRs)
by inducing specific mutations. Following the activation of GPCRs, downstream messages would act
on either cGMP-gated channels or TRPV channels to regulate action potentials and neurotransmitter
releases in the nervous system.

Table 1. Main chemosensory neurons and their functions and related GPCRs. The table displays
GPCRs of several different chemosensory neurons. Others are not shown. The data is adapted from
WormBook [32].

Table.1. Main chemosensory neurons and their functions and related GPCRs

Neuron Function GPCRs
ASE Water-soluble chemotaxis gpa-3
AWC Volatile chemotaxis odr-3, gpa-3, gpa-2, gpa-5, gpa-13
AWA Volatile chemotaxis, odr-3, gpa-3, gpa-5; gpa-13; gpa-6
AWB Volatile avoidance odr-3
ASH Nose touch avoidance, Chemical odr-3, gpa-3, gpa-11, gpa-1, gpa-13,
avoidance gpa-14, gpa-15
URX, AQR, Soluble guanylate cyclase (gcy-35,

POR Oxygen gey-36); gpa-8

3.1 ASE neurons detect water-soluble attractants and metal ion repellents

Cell ablation of ASE neuron pairing has led to reduced chemotaxis towards the water-soluble
attractants such as Na+, Cl-, CAMP and serotonin [33]. This water-soluble substance sensation seems
unique since ablating all other chemosensory neurons did not affect the sensation of water-soluble
attractants. Even the anatomy of two ASE neurons, ASEL (left) and ASER (right), is symmetric.
However, the function and gene expressed in each cell are distinct. The ASER neurons are more
sensitive to chloride and potassium ions, while the ASEL neurons preferentially sense sodium [34].
This functional asymmetry is caused by asymmetric expression of the lim-6 genes, as the human
LMX1 genes. In which only ASEL expresses lim-6 [34]. In addition, ASE neurons also display an
ON-OFF asymmetry when the concentration of NaCl changes. It is demonstrated by measuring the
calcium transmission in ASE neurons, in which ASEL neurons were activated when NaCl
concentration increases, so called- ON-cell. In contrast, ASER neurons were activated by decreasing
NaCl concentration, so called OFF-cell [35].

Similar studies in searching the repellents have reported that ASE neurons are responsible for
sensing Cd2+ and Cu2+ ions and elicit avoidance behaviors [36]. Mutants (che-2(-) and osm-3(-))
which had the structural defects in neurons and worms with laser-ablated neurons, lost avoidance
behavior from Cd2+ and Cu2+ [36]. The whole neural pathway also includes ADL and ASH neurons
but is dominated by ASE neurons [36].

3.2 Volatile odors sensing neurons

The C. elegans can sense the water-soluble molecules and detect volatile odors released by
bacteria and other animals. Odors can reach the sensory neurons either by being transported across
the sheath to the sensory nerve endings or by directly diffusing through the cuticle. AWC, AWB and
AWA neurons medicate this sensation. In which AWC neuron pairing (AWCL and AWCR) can
detect attractive odors including benzaldehyde, butanone, isoamyl alcohol, 2,3-pentanedione, and
2,4,5-trimethylthiazole [32]. AWA neurons pairing (AWAL and AWAR) can detect attractive odors,
including diacetyl, pyrazine, and 2,4,5-trimethylthiazole [32]. Differing from AWC and AWA
neurons, AWB neuron paring (AWBL and AWBR) can detect repellents including 2-nonanone,
1-octanol and trigger avoidance responses [37]. Although the mechanism underlaying the
differentiating repellents and attractants remained unknown. By inserting ODR-10 genes (AWA
neuron excusive gene for detecting attractive odor diacetyl) into AWB neurons, worms acted to
move away from diacetyl [37], suggesting this differentiation might be determined the receptor
expression.
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3.3 Oxygen sensing neurons

The C. elegans, as aerobic animals, require oxygen for living. In addition, oxygen level also
determines the enrichment of bacteria since their metabolic system also relies on oxygen. Both
hyperoxia and hypoxia can cause DNA damages and tissue death. In this case, C. elegans should
hold a radar like system to avoid such environments since it has been reported that worms like
5-12% oxygen levels. Certain neurons of worms are sensitive to oxygen, including URX, AQR and
PQR neurons [38]. AQR and PQR are body fluid exposed ciliated neurons, URX is nose-tip
projected non-ciliated neurons [32].

The mechanism underlaying the oxygen sensation has not been fully understood. However,
several studies have provided certain evidence which may explain this process. The oxygen sensor,
GCY-35 (soluble guanylate cyclase), have been found in oxygen sensing neurons, including URX,
AQR and PQR, which mediated the hyperoxia evoked avoidance responses [38]. It is because that
GCY-35 can interact with oxygen via heme iron like the mammalian hemoglobin proteins. Worms
with gcy-35 mutations exhibited defective responses when encountered to hyperoxia conditions 8.
The mechanism of how hypoxia evokes responses remained unknown.

3.4 GPCRs mediated chemotransduction

Heterotrimeric G proteins are consisted of alpha, beta, and gamma subunits. Genome studies have
revealed that at least 1300 genes are encoded for GPCRs in C. elegans [39]. There are at least 20 o
subunits, 2 B subunits and 2 y subunits in the worms' GPCR family [32]. For instance, odr-3 gene,
the ortholog of human GNAI1 (G protein subunit alpha i1, Gil), has been identified in the
chemosensory neurons. Mutating odr-3 gene led to defects of sensation functions of neurons,
including AWA, AWB, AWC and ASH neurons [40]. Once GPCRs detect chemosensory stimuli,
downstream signaling pathways initiate. In AWC neurons, a putative GPCR signaling pathway
requires components including GPCRs, receptor guanylate cyclase, cGMP-gated channel and
phosphodiesterase [32]. Odorants activated GPCRs will lead to ODR-3 disassociation from the
complex hence to regulated cGMP level, thus, to gate the cGMP-gated channels. This regulation
might occur at both phosphodiesterase and receptor guanylate cyclase by converting cGMP to GMP
and GTP to cGMP, respectively [32]. GPCRs mediated signaling pathways also facilitate GCY-35
mediated oxygen sensation [32].

3.5 The OSM-9/0OCR-2 TRPV channel mediated signaling pathway

Downstream of GPCRs activation, the TRPV channel mediated signaling pathway has been found
in AWA and ASH. Mutating osm-9 and ocr-2 would cause dysfunction of AWA and ASH neurons
and their related sensations and behaviors. In this signaling pathway, instead of cGMP, lipid
mobilization is involved between ODR-3 and ion channels. Although the complete molecular
signaling flow remained unclear. Kahn-Kirby and his team found that worm mutants that could not
synthesise long-chain polyunsaturated fatty acids (PUAFs) normally displayed defects in producing
chemotaxis responses [41]. Suggesting that PUAFs might play a transduction role between GPCRs
and TRPV channels. However, the mechanism by which GPCRs recruit PUAFs remained unknown.

4. Conclusion

In this review, we introduced that the mechanosensation is divided into gentle touch and harsh
touch, in which different neurons detect each stimulation. However, some neurons like ALM can
detect both stimuli. The ion channels responsible for converting weak touch mechanical forces into
electric signals are ENaC channels, which TRNs hold. TRP superfamily channels mediate harsh
touch sensation. Single neurons studies have realized us that PVD neurons (harsh touch neurons)
may hold ENaC channels. Together with the study of ALM neurons, more complex and integrated
molecular mechanisms have been revealed. In which sensation differentiation between gentle and
harsh touches may be determined by the combination of channel subunits. In addition, the discovery
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of the OLL neuron extended our understandings of the neural system of C. elegans. A complete map
of the neuronal function of worms is created.

The chemosensory neurons, like mechanosensory neurons, perform one's own tasks in the whole
system. However, the chemosensory system is believed to be complex because worms can detect
numerous chemicals and odors. The mechanism of chemosensation seems to be unitary. In which
this process largely relies on the GPCRs activation. However, the downstream signaling pathways
are still mazy. We are not sure whether there are more signaling streams excluding the PUAFs and
cGMP mediated pathways.

References

[1] Henkin, R. 1. Drug-Induced Taste and Smell Disorders. Drug Safety 11, 318-377,
doi:10.2165/00002018-199411050-00004 (1994).

[2] Bermingham-Mcdonogh, O. & Thomas. Regulated Reprogramming in the Regeneration of
Sensory Receptor Cells. Neuron 71, 389-405, doi:10.1016/j.neuron.2011.07.015 (2011).

[3] Kurtenbach, S. et al. Cell-Based Therapy Restores Olfactory Function in an Inducible Model of
Hyposmia. Stem Cell Reports 12, 1354-1365, doi:10.1016/j.stemcr.2019.05.001 (2019).

[4] Eisenmann, D. M., Wnt signaling. WormBook. (The C. elegans Research Community, 2005).
[5] Berks, M. The C. elegans Genome Sequencing Project. Genome Res 5, 99-104 (1995).
[6] Goodman, M. B. in WormBook (The C. elegans Research Community, 2006).

[7] Delmas P, H. J., Rodat-Despoix L. Molecular mechanisms of mechanotransduction in
mammalian sensory neurons. Nat Rev Neurosci. 13, 139-153 (2011).

[8] Amanda H Kahn-Kirby, C. I. B. TRP channels in C. elegans. Annu Rev Physiol 68, 719-736
(2006).

[9] O'Hagan, R., Chalfie, M. & Goodman, M. B. The MEC-4 DEG/ENaC channel of
Caenorhabditis elegans touch receptor neurons transduces mechanical signals. Nature Neuroscience
8, 43-50, d0i:10.1038/nn1362 (2005).

[10] McCleskey, E. W. A  mechanism for touch. Nature 573, 199-200,
doi:10.1038/d41586-019-02454-2 (2019).

[11] Chalfie M, S. J. Developmental genetics of the mechanosensory neurons of Caenorhabditis
elegans. Dev Biol 82, 358-370 (1981).

[12] Chalfie M, S. J., White JG, Southgate E, Thomson JN, Brenner S. The neural circuit for touch
sensitivity in Caenorhabditis elegans. J Neurosci Off J Soc Neurosci. 5, 956-964 (1985).

[13] Kaplan, J. M. & Horvitz, H. R. A dual mechanosensory and chemosensory neuron in
Caenorhabditis elegans. Proceedings of the National Academy of Sciences 90, 2227-2231,
doi:10.1073/pnas.90.6.2227 (1993).

[14] Chatzigeorgiou M, G. L., Kindt KS, Lee WH, Driscoll M, Schafer WR. Spatial asymmetry in
the mechanosensory phenotypes of the C. elegans DEG/ENaC gene mec-10. J Neurophysiol. 104,
3334-3344 (2010).

[15] O'Hagan, R. & Chalfie, M. 169-203 (Elsevier, 2005).

[16] Zhang S., A. J., Keller C., Caldwell G.A., Yao C.A., Chalfie M. MEC-2 is recruited to the
putative mechanosensory complex in C. elegans touch receptor neurons through its stomatin-like
domain. Curr. Biol. 14, 1888-1896 (2004).

[17] Bounoutas, A. & Chalfie, M. Touch sensitivity in Caenorhabditis elegans. Pflligers Archiv -
European Journal of Physiology 454, 691-702, doi:10.1007/s00424-006-0187-x (2007).

75



[18] Fan, Y. et al. Polymodal Functionality of C. elegans OLL Neurons in Mechanosensation and
Thermosensation. Neuroscience Bulletin 37, 611-622, doi:10.1007/s12264-021-00629-4 (2021).

[19] Huang M, G. G., Ferguson EL, Chalfie M. A stomatin-like protein necessary for
mechanosensation in C. elegans. Nature 378, 292—-295 (1995).

[20] C, K. A possible unifying principle for mechanosensation. Nature 436, 647-654 (2005).

[21] Li, W., Kang, L., Piggott, B. J., Feng, Z. & Xu, X. Z. S.. The neural circuits and sensory
channels mediating harsh touch sensation in Caenorhabditis elegans. Nature Communications 2,
315, d0i:10.1038/ncomms1308 (2011).

[22] Driscoll, M. C., M. The mec-4 gene is a member of a family of Caenorhabditis elegans genes
that can mutate to induce neuronal degeneration. Nature 349, 588-593 (1991).

[23]ay, J. C. C., M. The mec-3 gene of Caenorhabditis elegans requires its own product for
maintained expression and is expressed in three neuronal cell types. Genes Dev. 3, 1823-1833
(1989).

[24] White, J. G., Southgate, E., Thomson, J. N. & Brenner, S.. The structure of the nervous system
of the nematode Caenorhabditis elegans. Philos. Trans. R. Soc. Lond. B 314, 1-340 (1986).

[25] Xiao, R., and Xu, X.Z.. Function and regulation of TRP family channels in C. elegans.
Pflugers Arch. 458, 851-860 (2009).

[26] Kindt KS, V. V., Macpherson L, Quast K, Hu H, Patapoutian A, Schafer WR. Caenorhabditis
elegans TRPA-1 functions in mechanosensation. Nat Neurosci. 10, 568-577 (2007).

[27] Chatzigeorgiou, M. et al. Specific roles for DEG/ENaC and TRP channels in touch and
thermosensation in C. elegans nociceptors. Nature Neuroscience 13, 861-868, doi:10.1038/nn.2581
(2010).

[28] Sulston, J., Dew, M., and Brenner, S. Dopaminergic neurons in the nematode Caenorhabditis
elegans. J. Comp. Neurol. 163, 215-226 (1975).

[29] Sawin, E. R., Ranganathan, R., and Horvitz, H.R.. C. elegans locomotory rate is modulated by
the environment through a dopaminergic pathway and by experience through a serotonergic
pathway. Neuron 26, 619-631 (2000).

[30] Sanyal, S. et al. Dopamine modulates the plasticity of mechanosensory responses in
Caenorhabditis elegans.. The EMBO Journal 23, 473-482, doi:10.1038/sj.emboj.7600057 (2004).

[31] Sidi S, F. R., Nicolson T.. NompC TRP channel required for vertebrate sensory hair cell
mechanotransduction. Science 301, 96-99 (2003).

[32] Bargmann, C. I. Chemosensation in C. elegans. (The C. elegans Research Community, 2006).

[33] Bargmann, C. I., and Horvitz, H.R.. Chemosensory neurons with overlapping functions direct
chemotaxis to multiple chemicals in C. elegans.. Neuron 7, 729-742 (1991).

[34] Pierce-Shimomura, J. T., Faumont, S., Gaston, M.R., Pearson, B.J., and Lockery, S.R.. The
homeobox gene lim-6 is required for distinct chemosensory representations in C. elegans. Nature
410, 694-698 (2001).

[35] Suzuki, H. et al. Functional asymmetry in Caenorhabditis elegans taste neurons and its
computational role in chemotaxis. Nature 454, 114-117, doi:10.1038/nature06927 (2008).

[36] Sambongi Y, N. T., Liu Y, Yoshimizu T, Takeda K, Wada Y, & Futai M. Sensing of cadmium
and copper ions by externally exposed ADL, ASE, and ASH neurons elicits avoidance response in
Caenorhabditis elegans. Neuroreport 10, 753-757 (1999).

76



[37] Troemel ER, K. B., & Bargmann Cl. Reprogramming chemotaxis responses: sensory neurons
define olfactory preferences in C. elegans. Cell 91, 161-169 (1997).

[38] Gray, J. M. et al. Oxygen sensation and social feeding mediated by a C. elegans guanylate
cyclase homologue. Nature 430, 317-322, doi:10.1038/nature02714 (2004).

[39] Frooninckx, L. et al. Neuropeptide GPCRs in C. elegans. Frontiers in Endocrinology 3,
d0i:10.3389/fendo.2012.00167 (2012).

[40] Roayaie, K., Crump, J. G., Sagasti, A. & Bargmann, C. I. The Go Protein ODR-3 Mediates
Olfactory and Nociceptive Function and Controls Cilium Morphogenesis in C. elegans Olfactory
Neurons. Neuron 20, 55-67, doi:10.1016/s0896-6273(00)80434-1 (1998).

[41] Kahn-Kirby, A. H. et al. Specific Polyunsaturated Fatty Acids Drive TRPV-Dependent
Sensory Signaling In Vivo. Cell 119, 889-900, doi:10.1016/j.cell.2004.11.005 (2004).

77



	1. Introduction
	2. Mechanosensation in the C. elegans
	3. Chemosensation in the C. elegans
	4. Conclusion
	References



