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TRPV channels play a role in both mammalian insulin signaling, with TRPV1 

expression in pancreatic beta-cells, and in C. elegans insulin-like signaling through 

expression of OSM-9, OCR-1, and OCR-2 in stress response pathways. In response to 

a glucose-supplemented diet, C. elegans are known to have sensitivity to anoxic stress, 

exhibit chemotaxis attraction, and display reduced egg-laying rate. Transcriptome 

analysis reveals that glucose stimulates nervous system activity with increased 

transcript levels of genes regulating neurotransmitters. Ciliated sensory neurons are 

needed for a reduced egg-laying phenotype on a glucose-supplemented diet. Egg-

laying rate is not affected when worms graze on glucose-supplemented Delta-PTS 

OP50 E. coli, which is defective in glucose uptake. This suggests a possible sensory 

neuron obstruction by exopolysaccharides produced by standard OP50 E. coli on 

glucose, eliciting a starvation response from the worm and causing reduced egg-laying 

rate. Glucose chemotaxis is affected in specific TRPV subunit allele mutants: ocr-

2(vs29) and osm-9(yz6), serotonin receptor mutants: ser-1(ok345) and mod-1(ok103), 

and G-alpha protein mutant: gpa-10(pk362). TRPV deletion mutants had no effect on 

glucose chemotaxis, alluding to the modality role pf TRPV alleles in specific sensory 

neurons. The role of serotonin in a reduced egg-laying rate with glucose remains 

unclear. 
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CHAPTER I 

INTRODUCTION 

It has become well-known that high sugar intake is associated with increased risk 

of Type II diabetes (T2D; Dietary Guidelines Advisory Committee, 2015). According to the 

CDC 2014 diabetes statistics report, 29.1 million Americans (9% of the US population) 

have diabetes, with 86 million (33% of the population) considered pre-diabetic due to 

obesity complications. Included with this are the estimated costs of healthcare and lost 

work/wages reaching 245 billion dollars. The USDA reports that on average, Americans 

consume 156 pounds of added sugar (excess sugar added to processed foods added for 

palatability) per year (Wells & Buzby, 2008), which equals 279,365 calories and can also 

be expressed as the caloric equivalent to 79.8 pounds of body fat. Disregarding resting 

metabolism, burning this amount of calories would require running nearly 1,400 8-minute 

miles per year, or 3.8 miles per day. Added sugar is a common ingredient for all types of 

products lining the grocery shelves. The perception of “palatability” for sugars has more 

serious underpinnings than just mere aesthetic appeal to the human sense of taste; it has 

direct effects on the brain’s reward system, health, and function.  Sugar-supplemented 

food and drug abuse have been reviewed in-depth to involve similar behaviors of self-

administration and similar neuronal mechanisms / pathways such as, dopamine, 

acetylcholine, opioids, and the brain’s reward centers (Avena et al., 2008). While 

prevention and awareness are important in the fight against diabetes, better diabetic 

treatments for the millions of existing cases are in high demand, and a neuronal-

mechanistic genetic research approach is an avenue, which will lead to new discovery 

and understanding.  



2 

Diet and Nervous System Responses 

Glucose is a strong currency of metabolic function in many organisms. The 

mammalian physiology maintains glucose levels through insulin and glucagon secretion 

by the pancreas. During a state of hyperglycemia when glucose concentration is above 3 

mmol / L, insulin is secreted by pancreatic β-cells in the islets of Langerhans where it is 

also synthesized (Szablewski, 2011). Further increase in concentration sustains insulin 

production. A decrease in gluconeogenesis and glycogenolysis in the liver and the uptake 

of glucose into striated muscle and lipo tissue is signaled by glucose. Meal digestion 

results in high levels of insulin release and production through incretin hormones released 

by the gut. In response to low glucose levels, pancreas islets of Langerhans α-cells 

secrete glucagon, which signals the production of glucose in the liver via gluconeogenesis 

and glycogenolysis. Hyperglycemia and Diabetes is the result of decreased ability to 

produce insulin or decreased ability for cells to receive insulin (Szablewski, 2011; Randall 

et al., 2002).  
The ability to respond to nutrients via the insulin signaling pathway is a conserved 

process within animal systems. In the C. elegans system, abundant nutrients are sensed 

primarily by the ADF sensory neuron (Bargmann, 2006) triggering the UNC-31 release of 

insulin via dense core vesicles, which then act upon the DAF-2 insulin/IGF-1 receptor 

inhibiting the DAF-16 FOXO transcription factor from entering the nucleus (Gems et al., 

1998; Kimura et al., 1997; Lin et al., 1997; Larsen et al., 1995; Kenyon, 2010; Riddle et 

al. 1981; Lee & Ashrafi, 2008) (Figure 1). Lee & Ashrafi concluded that OCR-2 (a TRPV 

channel subunit) lies downstream of DAF-2 (insulin-like signal reception) where it 

functions as a channel for Ca2+ influx in sensory neurons that detect nutrients (2008). With 
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the understanding that pancreas Islet of Langerhans β-cells are innervated with TRPV1 

channels (Suri & Szallasi, 2007), mammalian and C. elegans both use transient receptor 

potential vanilloid (TRPV) channels for signal transduction in insulin signaling pathways. 

  

The Use of C. elegans as a Model System for Nervous System Function 

A broad spectrum of molecular and biological studies is possible using the C. 

elegans model system. It is a simple genetic model system that is effective for picking 

apart and understanding complex problems of higher biological systems with a 

Figure 1. This schematic pairs sensory neuron signaling and insulin-like signaling in C. elegans. 
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mechanistic approach. With a short generation time, ease of handling, fully mapped 

genome, mutant library, and abundant resources, it is a widely-adopted and well-studied 

organism to analyze through unique genetics tools and techniques. Because it is 

maintained as a hermaphrodite in the lab, mutant genotypes are unchanged in successive 

generations. One of the most unique attributes for the C. elegans model system is its 

transparent body for studying anatomical features using microscopy and green 

fluorescent protein (GFP) for protein expression analysis. The GFP transgenic strain is 

an especially important tool when it comes to studying the nervous system and neuron-

related gene expression (Figure 2). The C. elegans hermaphrodite has a simple nervous 

system comprising of only 302 neurons and 56 glial cells with a diversity of 118 neuron 

classes (WormAtlas, 2017). These neurons give rise to autonomic functions, stimulus-

sensory responses, simple behaviors, and very basic learning. The accumulation of over 

40 years of research has provided a detailed mechanistic understanding of the C. elegans 

nervous system, its individual neurons, biomolecular components, and genetics.  

 

C. elegans Chemotaxis Assays to Map Sensory Function 

Chemotaxis assays are behavioral response studies which present the organism 

Figure 2. C. elegans adult hermaphrodite with ocr-2 gene promoter labeled with green 
fluorescent protein. (ocr-2p::GFP ) 
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with olfactory and odorant variables to uncover an attraction response or an avoidance 

response. The basic setup involves presenting a choice between the suspected attractant 

and an equally distant non-attractant area, to which both have an immobilizing agent 

added. After a set time, worms are tallied according to their location, either on the 

attractant location or non-attractant location. These assays have been effectively 

employed with mapping sensory neurons, receptors, and signal pathway responses to 

specific compounds that originate in the worm environment. Ward first established that 

ionic compounds, amino acids, and cyclic nucleotides are sensed by C. elegans, however 

non-ionic water-soluble compounds, and volatile compounds were largely discounted in 

his ground-breaking chemotaxis study (Ward, 1973). Bargmann, Hartwieg, and Horvitz 

later proved that volatile chemicals were in fact sensed by C. elegans and isolated 

sensation to specific olfactory neurons through chemotaxis assays with mutant worms 

and worms that had undergone laser ablation to specific neurons (Bargmann & Horvitz, 

1991; Bargmann et al., 1993). 

 

Egg-laying Behavior and Neuronal Function in C. elegans 

The C. elegans nervous system has also been studied to understand the regulation 

of egg-laying behavior. The hermaphrodite-specific neuron (HSN) is the motor neuron 

largely responsible for C. elegans egg-laying behavior, which signals through serotonin 

(Trent, et al., 1983). Serotonin then signals an increase in rate of vulva muscle Ca2+ influx 

(Shyn et al., 2003), causing contraction of the VCn motor neurons. Egg-laying behavior 

is also affected by uterus capacity. In an unfilled uterus, TRPV channels (composed of 

OCR-1, OCR-2, and OCR-4) are active in uv1 cells, which influxes Ca2+ signaling the 
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release of inhibitory neurotransmitter tyramine by uv1 cells, thus retaining eggs (Jose et 

al., 2007). A filled uterus causes stretching of mechanoreceptors, closing TRPV channels 

and ceasing inhibitory signals (Figure 3). The average number of eggs the uterus can 

hold is 15-16. Eggs are held in the C. elegans uterus up to the 30-cell stage, which is 

approx. 2.5 hours post fertilization when the oocyte passes through the spermatheca. At 

the time of egg-laying, the vulva muscles contract to release the egg to the outside. The 

rate of egg-laying is approximately 4-10 eggs per hour (Trent et al., 1983; Waggoner et 

al., 1998; Schafer, 2005).   

A closer look into egg-laying behavior reveals a complex model composed of eggs 

being laid at a fixed and constant rate, but at random intervals. On average, worms were 

observed laying eggs in clustering events of 20-second intervals, followed by 20-minute 

periods of inactivity (Waggoner et al., 1998). The author further explains the 

hermaphrodite-specific Neuron (HSN) being responsible for the transition between three 

states of egg-laying, activity, and inactivity, and that HSN-ablated worms experience 

longer periods of inactive state that lasts an average of 20 minutes. Environmental 

conditions that inhibit or decrease egg-laying behavior include: high osmolarity (Horvitz 

et al., 1982), vibration (Sawin, 1996), starvation (Trent, 1982), and glucose exposure, in 

which the glucose osmolarity was ruled out as the cause (Teshiba et al., 2016). 

 

Sensory Nervous System Anatomy and Mechanisms 

C. elegans is equipped with sensory neurons for navigating the hazards of their 

environment and for discerning between harmful and nutritious bacteria as a food source. 

The amphid neurons, which reach the exterior via a cuticle pore, allow C. elegans to 
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respond to variables, such as, osmolarity, temperature, oxygen availability, volatile 

chemicals, water-soluble chemicals, ions, soil texture, and mechanical touch sensations 

(Bargmann, 2006). In turn, detection of such variables triggers specific behaviors, 

generally an attraction or an avoidance response. The AWA and AWC amphid sensory 

neurons are responsible for sensing of volatile odorants, while ASE, ASG, ASH, ASI, and 

ASK neurons are responsible for sensing water-soluble attractants (Ward, 1973; 

Bargmann & Horvitz, 1991; Bargmann et al., 1993; Mori, 1999). The ADL facilitates 

repulsive responses to volatile odorants (Troemel et al., 1997). However, the ADL plays 

a minor part in overall avoidance behavior in comparison to the ASH, which is considered 

the organism’s main nociceptive neuron for detecting aversive water-soluble compounds, 

osmolaritiy, ions, and mechanical sensation. Activation occurs with a compliment of G 

protein-coupled receptors (GPCRs), G-proteins, ion channels, cargo vesicles, docking 

proteins, and signal transduction molecules that are all varied in expression within specific 

neurons. Although groups of sensory neurons detect specific physical properties of 

compounds, specific sensory neurons within these groups are honed to detect specific 

compounds or classes of compounds (e.g. alkanes, alcohols, cyclic nucleotides, ketones, 

carboxylic acids) (Ward, 1973; Bargmann & Horvitz, 1991; Bargmann et al., 1993; Mori, 

1999; Bargmann, 2006). Because amphid neurons also occur in lateral pairs, each unit 

in the pair has been shown to have further chemical specificity (Wes & Bargmann, 2001). 

This specificity is due in part to specific receptors, ion channels, GPCRs, and G-proteins 

being expressed in select sensory neurons. In the case of bilateral neurons, odorant 

receptor proteins may be asymmetrically expressed (Troemel et al. 1999).  

Beyond attraction or avoidance responses, sensory neurons also relay signals for 
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specific behavioral phenotypes that include: egg-laying (vulva muscle contractions) (Trent 

et al., 1983; Bargmann & Horvitz, 1991), slowing of locomotion (grazing)(Sawin et al., 

2000), and reversal of movement (Bargmann & Mori, 1997). Downstream of sensory 

neurons, metabolic and developmental responses, such as, entry into arrested 

developmental stage (dauer stage), are also triggered (Lee & Ashrafi, 2008). Lack of food, 

high temperature, and crowding are all conditions that can be sensed by C. elegans and 

thus cause entry into dauer stage (Riddle et al., 1981; Albert & Riddle, 1988; Kimura et 

al., 1997; Scott et al., 2002). Sensory neurons have also been found to play in the worm’s 

more complex behaviors like pathogen avoidance learning. (Zhang, Y. et al., 2005). In 

this role, specific neurons like the ADF modulate signals coming from the AWA and AWC 

sensory neurons in a step before reaching the interneurons, allowing for a reprogramed 

response to previously appetizing bacteria (Ha et al., 2010; Meisel & Kim, 2014) Current 

research is also taking pathogen learning into new depths, revealing that neuroendocrine 

pathways can detect slights such as organelle stress (Melo & Ruvkun, 2012).  

 

Neuronal Pathways and Genetics 

To map neuronal function and associated mechanisms, genetic knockouts are 

used in conjunction with behavioral assays. Associations are made with decrease or 

loss in sensory behavior resulting from a loss of expression for a specific neuronal 

mechanism. Table 1 organizes C. elegans amphid sensory neurons with their functions, 

receptor classes, genes that encode associated G proteins, signal transduction, ligands, 

and ion channel encoding genes. These details have been elicited by functional 

behavioral data, GFP reporters, or by both methods.    



9 

Table 1 
C. elegans Amphid Sensory Neurons 

Neuron Function Receptor class / G-protein  
Signal 

transduction 
elements  

ASE 
Water-soluble attraction 

Avoidance(minor) 
CO2 sensation 

Guanylate cyclases: gcy-1,3,4,5,6,7,14,19, 
20,22,29 Tyrosine Kinase: daf-2 Degenerin-
like: del-3,4 GPCRs: mgl-3, npr-1,15; srab-
14,srd-33, srg-30, srx-76, 7TM: tmc-1 TRPV: 
osm-9, trpa-2, trp-2(ASER only) 
Neurotransmitter: dop-3,5; tyra-2  Gα: gpa-3  

tax-4, tax-2, daf-11, 
cGMP  

AWC Volatile attraction, Lifespan, 
Navigation, Thermosensation 

GPCRs: str-2 Guanylate cyclase: daf-11 
TRPV:  osm-9 Gα: odr-3 (major), gpa-3, gpa-2, 

gpa-5, gpa-13 

osm-9, tax-4, tax-2, 
daf-11, odr-1, odr-4, 

odr-8, cGMP  

AWA Volatile attraction, Lifespan 
(minor) 

GPCRs: odr-10 TRPV:  osm-9, ocr-2, ocr-1 
Gα: odr-3 (major), gpa-3, gpa-5, gpa-13, gpa-6 

osm-9, ocr-2, ocr-1, 
fat-3, PUFA, odr-4, 

odr-8 

AWB Volatile avoidance 
Light sensation 

GPCRs: str-1, aex-2 Guanylate cyclase: daf-
11  Gα: odr-3 

tax-4, tax-2, daf-11, 
odr-1, cGMP  

ASH 
Nociception: Osmotic avoidance, 
Nose touch avoidance, Chemical 

avoidance, Social feeding 

GPCRs: npr-1, sra-6, srb-6 7TM: dcar-1, tmc-1 
TRPV: osm-9, ocr-2, trpa-1 Neurotransmitter: 
ser-3,5; tyra-2, dop-4, octr-1 Gα: odr-3 (major), 
gpa-3 (major), gpa-11, gpa-1, gpa-13, gpa-14, 

gpa-15 

osm-9, ocr-2, fat-3, 
PUFA, qui-1 

(chemical only), 
osm-10 (osmo only), 

odr-4 

ASI 

Dauer formation entry inhibit, 
Pheromone, Water-soluble 

attraction(minor),  
Thermosensation(minor), 

GPCRs: srd-1, str-2,3; daf-37,38 7TM: dcar-1  
Guanylate cyclases: gcy-1,2,3,27; npr-1,15; 
daf-11 Neurotransmitter: ser-6 Gα: gpa-1, 
gpa-3, gpa-4, gpa-5, gpa-6, gpa-10, gpa-14 

tax-4, tax-2, daf-11, 
cGMP, odr-1, odr-4 

ADF 
Serotonergic signaling, Dauer 

formation inhibit, Feeding state, 
Water-soluble attraction(minor) 

GPCRs: mgl-3, npr-5, srb-6, srd-1(male only) 
7TM: tmc-1  TRPV: osm-9, ocr-2 Gα: odr-3, 

gpa-3, gpa-10, gpa-13 
osm-9, ocr-2, odr-4 

ASG 
Dauer formation inhibit (minor), 

Lifespan, Water-soluble attraction 
(minor) 

GPCRs: npr-1,5,15  Guanylate cyclases: gcy-
15,21  Neurotransmitter: tyra-2, dop-4  

TRPV: osm-9 Gα: gpa-3 

tax-4, tax-2, cGMP, 
odr-4, osm-9 

ASJ 

Dauer formation entry/exit, Water-
soluble attraction (minor), 

Pheromone, light sensation 
Lifespan 

GPCRs: sre-1 Guanylate cyclases: daf-11  
Gα: gpa-1, gpa-3, gpa-9, gpa-10, gpa-14 

tax-4, tax-2, daf-11, 
daf-21, cGMP, odr-

1, odr-4 

ASK 
Avoidance (minor), Water-soluble 

attraction(minor), Lifespan, 
Navigation 

GPCRs: sra-7,9; srg-2,8  Guanylate 
cyclases: daf-11 TRPV: osm-9 Gα: gpa-2, 

gpa-3, gpa-14, gpa-15 

tax-4, tax-2, cGMP, 
odr-1, daf-11, odr-4, 

osm-9 

ADL Avoidance (minor), Social feeding 

GPCRs: srb-6, sre-1, srh-132,220; sro-1  
Guanylate cyclases: gcy-21 7TM: tmc-1  

TRPV: osm-9, ocr-2, ocr-1  Gα: gpa-1, gpa-3, 
gpa-11, gpa-15 

osm-9, ocr-2, ocr-1 
odr-4 

Underline denotes expression pattern data. Adapted from: WormBook, ed. The C. elegans Research 
Community, 2006 Bargmann, C.I. Chemosensation in C. elegans and Nervous system, general 
description. In WormAtlas. Altun, Z.F. and Hall, D.H. 2011.   *Abbreviations: GPCR: G-protein coupled 
receptors, PUFA: polyunsaturated fatty acid. 7TM: 7 trans-membrane, TRPV: transient receptor 
potential vanilloid 
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G-protein Coupled Receptors (GPCR) and G-protein α Subunits 

GPCRs are found in a variety of signaling pathways, including sensory pathways, 

regulatory pathways, cell signaling, immune signaling, and neurotransmission. The 

GPCR proteins consist of seven trans-membrane helical motifs followed by a bound Gα 

subunit near the C-terminus. The sequence near the C-terminal region determines 

binding specificity between the GPCR and Gα subunit (Conklin & Bourne, 1993). As 

stated earlier, GPCRs and Gα subunits can determine specificity of neuronal function 

and sensory perception in C. elegans, and are prime mechanistic targets to knockout 

neuronal function. Upon conformational change brought about by ligand binding 

activation, the heterotrimeric G-protein, interacts with the GPCR on the cell’s interior. 

The Gα subunit of the G-protein then exchanges a bound GDP for a GTP, causing 

dissociation from the GPCR and the Gβ, and Gγ subunits. The activated Gα subunit and 

Gβ/Gγ dimer are free to interact with other proteins to continue the signal cascade. The 

Gβ/Gγ dimer can go on to interact with ion channels, phospholipase C, and adenyl 

cyclases, but much of the signal specificity at this point is still demonstrated by the Gα 

subunit through its sheer variety of splice variants and their targets (Wettschureck & 

Offermanns, 2005).  

Gα proteins are differentiated further into subtypes by genetic splice variations. 

Although there are a preferred Gα interactions linked to specific GPCRs, they are not 

limited to a single interaction with one Gα protein subtype. Various Gα’s can be 

activated by one GPCR and there is functional specificity where various bound ligands 

can activate different Gα’s through a single GPCR. The variety of interacting GPCR’s 
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and Gα’s, however, is within a defined set following a pattern of coupling (Wettschureck 

& Offermanns, 2005). 

In C. elegans there are 21 Gα, 2 Gβ, and 2 Gγ-coding genes, with functional 

diversity in embryonic development, 

egglaying behavior, chemosensation, and 

locomotion (Bastiani & Mendel, 2006). The 

Gα family of genes contains subtypes 

orthologous to mammalian subtypes (Table 

2), C. elegans-specific Gα genes 

(Unclassified / Gi/o -similar) are known to 

have expression in distinct chemosensory 

neurons, taking part in chemosensation. 

ODR-3 is a prime example deriving its 

abbreviated name from an odorant defective phenotype observed with the gene’s 

mutation. Appendix Table A1 provides more details of G-protein gene expression and 

function. The transgenic strain gpa-10(XS) was shown to be defective in sensing water-

soluble compounds and transgenic strain gpa-11(XS) was found to be defective in 

glucose sensing; however, these phenotypes were not observed in loss-of-function 

strains for these genes (Jansen et al., 1999). Expression for gpa-10 is localized to the 

ASI, ASJ, and ADF sensory neurons (Bastiani & Mendel, 2006). The ADF is a unique 

serotonergic-signaling neuron to target with mechanism knockouts, since serotonin was 

implicated in a glucose-mediated decrease in egg-laying rate (Teshiba et al., 2016) 

 
 

Mammalian 
Gα Family 
Subtype 

C. elegans Gα 
Orthologs 

Gas GSA-1 
Gq EGL-30 
G12 GPA-12 
Gi/0 GOA-1 
Unclassified / 
Gi/0 -similar 

GPA-1, 2, 3…11, 
GPA-13…17, ODR-3 

Table 2 
Related Subtypes of C. elegans  

Gα Proteins  

Gas: Adenylate cyclase Stimulatory, Gq: 
Phospholipase C-activating, G12: Guanine 
nucleotide exchange factor related, Gi/0: 
Adenylate cyclase Inhibitory 
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Known C. elegans Responses to a Glucose Diet 

Glucose responses in C. elegans are largely uninvestigated. In a recent publication 

we showed that a glucose-supplemented diet decreased anoxia survival in wild type 

animals, and that worms have a chemotaxis response to glucose, which was knocked out 

with sensory neuron mutants (Garcia et al, 2015). Tasha Garcia, of the Padilla Lab, had 

noticed a decrease in egg-laying on a glucose-supplemented diet while raising 

populations to go into anoxia. Teshiba et al. later published a novel phenotype of 

decreased egg-laying rates in response to glucose, which was rescued through the 

application of buformin (2016). Their study showed that a reduction of tph-1 function, 

which encodes tryptophan hydroxylase responsible for 5-HT (5-hydroxytryptamine, 

serotonin) production, suppressed the glucose-induced egg-laying phenotype indicating 

that serotonin is involved with glucose sensing (Teshiba et al., 2016). 

 

The Dietary and Behavioral Roles of Serotonin Signaling  

 5-HT is known for its involvement in signaling the presence of food (Saeki, 2001). 

Suffice to say, a lack of serotonin could likely be akin to a starvation response. Food 

presence and rising 5-HT levels signal increased egg-laying, pharyngeal pumping, and 

male mating behaviors, but decreased locomotion (Chao et al., 2004). Five neuronal 

classes in C. elegans are involved in serotonin signaling: ADF, Neurosecretory Motor 

(NSM), Hermaphrodite-specific Neuron (HSN), AIM, and RIH (Sze et al., 2000) (Table 3). 

However some evidence suggests that 5-HT can act upon other neurons such as the 

ASH as mediated by Gα-protein, GPA-11 (Chao et al., 2004). Serotonin is also involved 

in avoidance learning to pathogenic bacteria (Zhang, Y. et al., 2005; Avery & Shtonda, 
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2014). Without TPH-1 or MOD-1 (a serotonin-gated chloride channel), C. elegans were 

unable to learn to avoid harmful bacteria following exposure. In addition, exposure to 

pathogens increased tph-1 expression in the ADF neuron. (Zhang, Y. et al., 2005). In the 

Zhang, Y. study, the role of the NSM neuron was suggested to be limited to slowing 

response and food attraction signals, which was already supported by Avery & Thomas 

(1997). TRPV channels subunit genes ocr-2 and osm-9, which will be discussed in detail 

in the next section, affect tph-1 expression. Null mutations in either osm-9 or ocr-2, 

decreased tph-1::GFP expression specifically in the ADF neuron (Zhang, S. et al., 2004). 

Table 3 
C. elegans Neurons that Involve Serotonin Signaling 

Neuron 
Class 

Neuron 
Type 

Functions 

ADF Sensory • Salt sensing (Bargmann & Horvitz, 1991) 
• Olfactory learning (Zhang, Y et al., 2005) 
• Transduction of food sensing to serotonin neurotransmission (Jafari et al., 

2011) 
• Dauer stage entry due to environmental stress (Kimura et al., 1997) 

 
HSN Motor Signals vulva contractions in response to feeding(Desai et al., 1988) 
NSM Secretory Detects food (bacteria) passing through pharynx (Avery & Thomas, 1997) 
AIM Interneuron Serotonergic neuron which may have modulatory function, through serotonin 

received and output (Jafari et al., 2011) 
RIH Interneuron see AIM 

 
 
Although odr-10 expression in the AWA neuron relies on individual TRPV gene 

expression (Tobin et al., 2002), no other genes are known to respond to both osm-9 and 

ocr-2 mutations, suggesting that a protein complex formed by these two channels are an 

important component between environmental signals received and serotonin signaling 

(Sze, 2004). These two TRPV channels form a complex together in the ADF and other 

sensory neurons such as the AWA, ASH, and ADL (Tobin et al., 2002). 
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Transient Receptor Potential Vanilloid (TRPV) Channels 

As part of the neuron, ion channels serve several functions including action 

potentials, signal transduction, neurotransmitter release, and postsynaptic gating 

(Randall et al., 2002). Different locations along the neuron use ion channels to carry out 

these specific functions. Depending on the location, volume, and compliment of ion 

channel expression, signals can be amplified, interfered, or modulated (Alberts et al., 

2008). TRPV channels are primarily involved in sensory transduction via Ca2+. Across 

model systems, as well as the human model system, TRPV are associated with neural 

signal transduction, particularly in nociceptive neurons and also neurons of the CNS. 

They transduce signals in mechanosensation for nose-touch (Tobin et al., 2002) and 

uterin cell deformation in C. elegans (Jose et al., 2007), in addition to urinary bladder 

stretching in Mus musulus (Birder et al., 2002). When triggered, TRPV1 channels allow 

an influx of Ca2+ to signal in response to heat for thermoregulation in humans and 

mammals, and are pharmacologically activated by capsaicin. 

Primary protein structure and tetrameric subunit composition in quaternary 

structure of TRPV channel proteins can have an effect on function, which is predicted as 

an adaptive mechanism to modulate specific neuron signals. This is known as polymodal 

function (Sokolchik et al., 2004; Xiao & Xu, 2009). In fact, post-translational modifications 

such as phosphorylation have been observed to alter channel sensitivity (Brauchi et al., 

2007, Zhang, X. et al., 2008). Thus, TRPV channel function is more complex than mere 

activation/deactivation. 
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C. elegans TRPV Channel Subunits: OCR-1, OCR-2, OCR-4, and OSM-9 

The osm-9 gene is the primary TRPV subunit coding gene in C. elegans, being 

that it is expressed in all sensory neurons, whereas ocr-1, ocr-2, and ocr-4 (Osm-9 

Capsaicin receptor Related) are thought to be the secondary, less-prevalent TRPV 

subunit genes having expression in select neurons (Tobin et al., 2002). All of these 

subunit proteins are predicted to form into homotetrameric and heterotetrameric 

structures (Jose et al., 2007). The subunit interactions have various effects on function, 

gene expression, and localization.  

One use of having a compliment of TRPV subunits is redundancy. This 

redundancy has been demonstrated between the family of TRPV-encoding genes and 

quaternary subunit composition of the channels. The ocr-1, ocr-2, and osm-9 genes have 

been shown to be involved in uterine cell signaling (Jose et al., 2007; Colbert et al., 1997). 

When uv1 cells, which are non-ciliated, are mechanically deformed by a full uterus, they 

will inactivate TRPV channels that are composed of heterotetrameric complexes of OCR-

1, OCR-2, and, OSM-9 and no longer suppress egg-laying behavior (Jose et al., 2007) 

(Figure 3) Overexpression of wild-type ocr-1, 2, & 4 was shown to decrease defects 

caused by heterotetramers formed with ocr-2 (vs29 allele) mutants (Jose et al., 2007). It 

should be noted that the redundancy is also dependent upon the type of cell the TRPV 

channel is expressed in. Within non-ciliated cells, OCR proteins act redundantly towards 

formation of TRPV channels, whereas in ciliated cells, specific channel complexes are 

shown to be obligates to one another (Jose et al., 2007; Szallasi et al., 2007; Sze, 2007). 

Redundancy is also displayed when some interspecies TRPV genes are ectopically 

expressed in TRPV mutant animals. In C. elegans OCR-2 and OSM-9 regulate gene 
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expression of tph-1, which encodes tryptophan hydroxylase to synthesize serotonin (5-

Hydroxytryptamine or 5-HT). Calcium influx from OSM-9 and OCR-2 activate a 

calmodulin-dependent protein kinase (CaMKII), leading to tph-1 transcription for 

tryptophan hydroxylase. Expression for tph-1 GFP was restored in ocr-2(ak47) mutants 

with both mouse and human TRPV2 genes (Zhang, S. et al., 2004). 

 

Tetrameric combination with other TRPV protein subunits alters their location in sensory 

neurons and proximity to stimulus receptors. An OCR-2 and OSM-9 interaction will alter 

the localization of the channel protein from cell body to cilia of chemosensory neurons 

(Kahn-Kirby & Bargmann, 2006). This was also the case with expression of mammalian 

Figure 3. Model of egg-laying behavior mechanisms. Adapted from Jose et al. (2007) A specific 
subset of transient receptor potential vanilloid-type channel subunits in C. elegans endocrine cells 
function as mixed heteromers to promote neurotransmitter release. In Genetics, 175(1), 93-105.   
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TRPV2 in C. elegans. Native OCR-2 mostly localized and congregated to the cell plasma 

membrane, whereas TRPV2 clustered in the cilia (Sokolchik et al., 2005).  

Given the many functions and locations of OSM-9 and OCR proteins among 

neurons and non-neuronal cells, like other ion channels, there is polymodal function. In 

some cases, TRPV genes are required for gene co-expression within the neuron. 

Knocking out osm-9 TRPV subunits will prevent ODR-10::GFP (a G-protein coupled 

receptor) expression in the AWA neuron; the same will be observed with the ocr-1; ocr-2 

double mutant. Additionally, the ocr-2 single mutant has an intermediate effect on ODR-

10 expression in the AWA (Tobin et al., 2002). Some of this modality was determined 

from alleles of the ocr-2 gene that differ by the amino acid sequence near the N-terminal 

before ankyrin repeats domain. The ocr-2(yz5) (G35E substitution) caused a loss of 

osmosensation in the ASH and reduced production of 5HT (via tph-1 expression) in the 

ADF, but had no effect on chemosensation of the AWA. Furthermore, rescue of tph-1 

expression in ocr-2(ak47) mutants with mammalian TRPV2 had no effect on the 

osmosensation and chemosensation losses also sustained in this mutant (Sokolchick et 

al., 2005). Another impact on TRPV modality is through G-protein signaling. In specific 

sensory neurons osm-9 and ocr-2 are coupled to specific G-proteins or even affect the 

G-protein expression. In the AWA osm-9 and ocr-2 are required for odr-10 expression 

(Tobin et al., 2002), whereas in the ASH sensory neuron, OSM-9 and OCR-2 participate 

in osmosensation with the GPCR, ODR-3 (Roayaie et al., 1998). Alterations or allele 

variations of the TRPV gene family will cause loss of sensory function in some neurons, 

while retaining function in others. 
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The ocr genes became a focus of my investigation for the following reasons: 1) It 

is a TRPV-coding sequence which is highly up-regulated (137-fold) in glucose-raised C. 

elegans (Garcia et al., 2015). 2) An observation initially made by Tasha Garcia showed a 

decrease in egg-laying in response to glucose, and, as Jose et al. demonstrated, they are 

involved in egg-laying behavior (Jose et al., 2007). 3) OCR channels are expressed 

selectively in specific sensory neurons. In wild type animals, ocr-1::GFP reporter is 

expressed in AWA (volatile odorant attraction) and ADL (volatile odorant repulsion) 

sensory neurons (Tobin et al., 2002). OCR-2 and OSM-9 both complex together to form 

channels in the sensory neurons: ASH, ADF, ADL and AWA (Tobin et al., 2002), the main 

players involved in chemotaxis and attraction behavior. 4) These TRPV gene are also 

target mechanisms to knockout in unraveling glucose chemotaxis (found in previous 

investigation results) and to observe and understand possible polymodal functions, given 

their involvement in multiple cell types and behaviors.  

 

Experimental Aims 

My first aim was to identify how a glucose-supplemented diet impacts behaviors 

through sensory neurons. The first part of that aim was to test if TRPV channel subunits 

(in addition to alleles) and the ADF serotonoergic sensory neuron were involved in a 

glucose mediated decrease in egg-laying rate, initially published by Teshiba et al.(2016). 

The hypothesis was that serotonin signaling plays a role in egg-laying behavior in addition 

to the reduced egg-laying rate in response to glucose. So, the rational was to target genes 

localized to serotonin-related sensory neuron function, which paired with the environment 
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to signal this disruption in egglaying rate, along with TRPV genes required for expression 

of the gene responsible for serotonin synthesis expression, tph-1.  

The second part of the first aim was to identify the neuronal mechanisms 

responsible for glucose to be sensed and evoke a chemotaxis and inhibit egg-laying. The 

hypothesis is that glucose is sensed by serotonin-related sensory neurons paired with the 

environment to affect behaviors such as egg-laying. This was carried out by targeting the 

same TRPV and ADF related genes to test their involvement in a glucose chemotaxis 

behavior.  

My second aim was to identify nervous system related genes regulated by a 

glucose-supplemented diet and characterize their ontology. The hypothesis is that there 

is a nervous system response based on preliminary data that glucose can be sensed 

(Garcia et al., 2015). This involved analyzing previously attained RNA-seq data in 

response to a glucose-supplemented diet (Garcia et al., 2015, supplementary).  
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CHAPTER II 

METHODS 

Animal Husbandry 

N2 Bristol strain and specified mutants were raised in standard conditions, NGM 

plates with OP50 E. coli, as outlined by Brenner (1974). Populations were synchronized 

to within 2 hours of hatching by washing gravid adults off the cultivation plate with M9 

buffer, leaving behind the eggs stuck to the bacteria feeding lawn. After two hours pass 

some of the eggs hatch and the stage 1 larva (L1’s) are pipetted off with M9 buffer and 

transferred to a fresh cultivation plate pre-seeded with a standard diet of OP50 E. coli.  

Worms are maintained at 20°C and given 72 hours to mature to gravid adults. Table 4 

provides details on the mutants used in these experiments. The strain information is 

available in Appendix A: Table A2.  

Table 4 
Details of Experimental Mutants Used 

Genotype (allele) Mutation type Gene Function 

TRPV subunit genes 

osm-9(ky10) IV pending curation 
most abundant TRPV channel 
subunit among sensory neurons  

osm-9(yz6) IV 
substitution, change of function, 
classical allele 

most abundant TRPV channel 
subunit among sensory neurons 
 

ocr-1(ok132) V 
deletion, change-of-function, 
High-throughput allele 

TRPV subunit localized to ADL and 
AWA sensory neurons 

ocr-1(ak46) V 
deletion, change-of-function, 
classical allele 

TRPV subunit localized to ADL and 
AWA sensory neurons 

ocr-2(ak47) IV 
deletion, change-of-function, 
classical allele 

localized to uterus uv1 cells, ADF, 
ADL, ASH, & AWA sensory 
neurons, and neuron dendrites  

 
ocr-2(vs29) IV 

dominant-negative allele (Jose et 
al.,2007) 

dominant negative allele that 
negates TRPV channel function 
through quaternary structure  

Genotype (allele) Mutation type Gene Function 

   

(table continues) 

(continued) 
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TRPV subunit genes (continued) 

ocr-2(yz5) IV 
substitution (G36E), change-of-
function, classical allele  

ocr-2(ak47) IV;  
ocr-1(ok132) V double mutant  
ocr-2(ak47) IV; 
osm-9(ky10) IV;  
ocr-1(ak46) V triple mutant  
ocr-1(ok132) V;  
ocr-2 (ak47) IV;  
ocr-4(vs137) IV triple mutant  

ocr-4(vs137) 
complex substitution (insertion), 
classical allele 

expressed in OLQ mechano-
sensory neurons 

Serotonin-related mechanisms 

tph-1(mg280) II 
deletion, change-of-function, 
classical allele 

encodes tryptophan hydroxylase 
needed in serotonin (5-HT) 
production 

tph-1(n4622) II deletion, classical allele 

encodes tryptophan hydroxylase 
needed in serotonin (5-HT) 
production 

mod-1(ok103) V.  serotonin-gated chloride channel 

ser-1(ok345) X 

complex substitution 
(insertion/deletion), change-of-
function, high-throughput allele serotonin receptor 

Gα proteins 

gpa-10(pk362) V. 

complex substitution 
(insertion/deletion), change-of-
function, classical allele 

Gα protein localized to ADF, ASI, 
and ASJ sensory neurons 

gpa-2(pk16) gpa-3(pk35) 
gpa-13(pk1270) V; gpa-
5(pk376) gpa-6(pk480) X. Multi-mutant  
Morphology  

che-3(e1124) I. 
substitution, change-of-function, 
classical allele 

encodes a dynin heavy chain 
affecting cilia formation in amphid 
sensory neurons 

 

Egg-lay Assays 

 Five 1-day old adult hermaphrodites were transferred to an OP50 E. coli -seeded 

NGM plate with the specified concentration of glucose (0%, 1% or 2%) and allowed to lay 

eggs for 1 hour. The adults were removed and the number of eggs laid was quantified. 

To ensure removal of all embryos the plates were maintained for an additional two days 
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to determine if larva were present. Assays are performed in triplicate, and replicated 3 

times on separate days. Rate is calculated for number of eggs per worm per hour.  

 

Chemotaxis Assays 

 We developed an assay to determine if worms, with specified genotypes, display 

a chemotaxis response to glucose (Garcia, 2015).  Test plates (9 cm diameter petri 

dishes) are seeded with 200 μL of 1.85M glucose solution in one hemisphere of the plate 

2 days in advance and then seeded with either OP50 or ΔPTS OP50 E. coli bacteria 1 

day prior to begining the assay (Figure 4). The bacteria was stamped onto the surface as 

two separate 1 cm diameter spots, one in each hemisphere. The lawns will keep attracted 

worms in the area to be counted, so long as their volatile odorant senses are intact. Plates 

are stored at 20°C one hour before the assay. When the assay is performed, 1-day old 

adult hermaphrodites are gravity washed 3 times in sterile M9 buffer (20°C) to remove 

cultivation bacteria. Approx. 150-200 worms are 

pipetted to the drop point of the plate, which are 

then kept at 20° C for 3 hours. To quantify the 

location of where the worms were on the plate 

relative to food source, they were removed by 

suction and scored as being present on the 

glucose lawn, non-glucose lawn, or agar region 

(neither lawn). Assays are performed in 

triplicate, and replicated 3 times on separate 

days.  

Figure 4. Setup on 9-cm petri dish of 
nematode growth media (NGM).  
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Statistical Analysis 

For egg-lay assays, results were analyzed in Prism 7 with two-way ANOVA 

multiple comparisons of mutants strains to wild type for both glucose and non-glucose 

rates. Chemotaxis assay results were also analyzed in Prism 7 with two-way ANOVA 

multiple comparisons of mutants strains to wild type on the variables of glucose lawn, 

non-glucose lawn, and agar region. 

 

Bioinformatics 

 Using the C. elegans neuronal genome (Hobert, 2013) and by searching gene 

descriptions with neuron keywords, neuron-related transcripts were isolated out of RNA-

seq data showing differentially regulated transcripts on a glucose-supplemented diet 

(Garcia et al., 2015, Supplementary). A heat map of the neuronal gene list was 

constructed in Excel, retaining the ontology categories outlined by Hobert. Genes were 

ranked in fold change under each category. The neuron-related transcript list was 

mapped out in GenMANIA / Cytoscape to illustrate functional relationships among genes 

and their systematic roles. Nodes were created based on interaction criteria of 

coexpression, protein domain similarity, physical protein interactions, genetic 

interactions, predicted interactions, and unspecified other interactive crieria. Clusters 

represent greater amount of supporting data of interactions. Node size indicates greater 

amounts of data to a particular interactive type. The network was then organized with 

GeneMANIA ontology prediction server (Warde-Farley et al., 2010). Coexpression and 

protein homology data was excluded from the upregulated transcript network in order to 

clarify the strongest interactions. Protein sequence alignments were performed on 
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proteins of interest with Protein BLAST (Boratyn et al., 2013; Altschul, 1993). A protein 

interaction network was also generated with proteins of interest using web-based 

STRING (http://String-db.org) (Szklarczyk et al., 2015). 

  

http://string-db.org/
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CHAPTER III 

RESULTS 

Ciliated Sensory Neurons are Required to Sense Glucose and  
Bacteria to Affect Egg-Laying Behavior 

 
The egg-laying rate is significantly reduced when wild-type N2 1-day old gravid 

hermaphrodites are placed onto a glucose plate (Figure 5). To examine the mechanisms 

behind a glucose-induced egg-laying decrease, mutants of chemo sensation, serotonin-

related mutants, and TRPV channel subunits were tested for their response to 55 mM 

(1%) glucose media and standard diet of OP50 E. coli via egg-laying assays. Compared 

to wild type (0.47±0.42 eggs per worm per hour), the egg-laying rate for the che-3(e1124) 

mutant showed a significant lack of response to glucose with a higher (3.22±1.13 eggs 

per worm per hour, p < 0.0002) (Figure 5). Egg-laying in the presence of glucose was 

also significantly higher for the substitution mutant allele osm-9(yz6) (2.56±1.82 eggs per 

worm per hour, p < 0.0332) compared to wild type. There were also significantly lower 

rates of egg-laying for non-glucose control plates in che-3(e1124) (4.58±0.75 eggs per 

worm per hour, p < 0.0021), and ocr-2(vs29) allele (4.24±1.46 eggs per worm per hour, 

p < 0.0021) when compared to wild type (6.67±0.99 eggs per worm per hour). 

  The mutant strains were also assayed with a 110 mM (2%) glucose concentration 

to elicit more definitive responses and test for any dosage effects (Figure 6). Again, the 

che-3(e1124) mutant egg laying rate (3.29±1.36 eggs / worm / hour, p < 0.0002) was 

significantly higher than wild type (0.84±0.53 eggs / worm / hour). The che-3(e1124) 

mutant lacks fully functioning ciliated sensory neurons. This suggests that ciliated sensory 

neurons are required for sensing glucose. The osm-9(yz6) mutant did not show significant 
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difference from wild type with 2% concentration like it did in the 1% concentration assay.  

 

This could suggest a slight dosage effect in relation to glucose concentration for this 

mutation. The mod-1(ok103) mutant had reduced egg-laying on standard diet (4.31±1.99 

eggs per worm per hour, p < 0.0021) versus wild type (6.33±1.07 eggs per worm per 

Figure 5: Egg-lay assays performed on mutations in ciliated sensory neurons, serotonin-related 
mechanisms, and TRPV subunit genes. Mean and SD graphed. 2-way ANOVA with multiple 
comparisons to N2 Wild Type control. p< 0.0332 (*), p<0.0021 (**), p<0.0002 (***), p<0.0001 (****) 
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hour). The ocr-2(vs29) allele also showed reduced egg-laying on standard diet (3.53±0.53 

eggs per worm per hour, p < 0.0021)  

 

  

C. elegans Egg-Laying Responses to Glucose are Dependent on  
Bacteria that can Uptake Glucose 

 
Upon observing noticeable changes in the texture and growth thickness of 

standard diet OP50 E. coli lawns on glucose media, it was of interest to determine if there 

Figure 6. Egg-lay assays performed on mutations in ciliated sensory neurons, serotonin-related 
mechanisms, and TRPV subunit genes. Mean and SD graphed. 2-way ANOVA with multiple 
comparisons to N2 Wild Type control. p < 0.0332 (*), p <0.0021 (**), 
p <0.0002 (***), p <0.0001(****) 
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was a bacterial interaction with glucose, 

causing the decrease in egg-laying. 

Using the ∆PTS OP50 E. coli strain, 

which is defective in glucose uptake, the 

phenotype of reduced egg-laying in the 

presence of glucose was rescued (Figure 

7). To rule out the possibility of the ∆PTS 

bacterial lawn creating a sensory 

separation from the glucose in the agar, 

glucose was added to the surface of 

bacterial lawn and blended immediately 

before the test. Still, ∆PTS OP50 E. coli 

with 55 mM glucose did not elicit a reduced egg-laying response.  

 

A Specific G-Protein α Subunit is Involved in Glucose Chemotaxis 

To test if serotonin signaling pathways or TRPV channels are involved in glucose 

sensing, the selection of mutants employed in the egg-lay assays were subjected to 

chemotaxis assays. Results from the che-3(e1124) mutant had previously established 

that ciliated sensory neurons were required for glucose chemotaxis (Garcia et al., 2015), 

and were used as a negative control in this test. Impaired sensory function in finding both 

the glucose and bacteria is indicated by a significant proportion of worms tallied in the 

Agar Region. Glucose sensory impairment is demonstrated with a significantly lower 

proportion of worms tallied on the bacteria+glucose lawn when analyzed against wild type 

Figure 7. Egg-lay assays performed with N2 wild 
type animals on standard diet OP50 E. coli and 
∆PTS OP50 E. coli, which is defective in glucose 
uptake. Mean and SD graphed. 2-way ANOVA 
comparison. p < 0.0332 (*), p <0.0021 (**),  
p <0.0002 (***), p <0.0001(****) 
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data. The serotonin receptor mutant ser-

1(ok345), serotonin-gated chloride 

channel mutant mod-1(ok103), and two 

mutations to G-protein α subunits for 

heterotrimeric GTPases: gpa-10(pk362) 

and odr-3(n2150) showed significant 

changes in chemotaxis behavior 

compared to wild type N2 strain (Figure 

8). Because it has localized expression 

in the ADF, ASI, and ASJ sensory 

neurons (Jansen et al., 1999), I 

hypothesized that knocking out GPA-10 

would hamper function of the ADF 

neuron—the only known serotonergic sensory neuron (Jafari et al., 2011). In previous 

chemotaxis assays, I found that odr-3 mutants are defective in bacteria and volatile 

attractant (isoamyl alcohol) sensing, but retain water-soluble sensory function to glucose 

(Garcia et al., 2015). With the current data set and analysis, this water-soluble sensory 

function on odr-3 is shown to be impaired in comparison to wild type. The available multi-

mutant gpa-2(pk16), gpa-3(pk35), gpa-13(pk1270) V; gpa-5(pk376), gpa-6(pk480) X 

allowed for targeting of the remaining G-protein α subunit genes (with the exception of 

odr-3) known to have ADF localization. These combined mutations had little effect on 

chemotaxis behavior and was not statistically significant.    

 

Figure 8. Chemotaxis assays performed on 
mutations in ciliated sensory neurons and 
serotonin-related mechanisms. 2-way ANOVA with 
multiple comparisons to N2 Wild Type control.  
p < 0.0332 (*), p <0.0021 (**), p <0.0002 (***),  
p <0.0001(****) 
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Specific Alleles of TRPV-Encoding Genes have Varied Effect on  
Glucose Chemotaxis and Sensory Function 

 
Of all the alleles tested for the 

ocr-2 gene, the ocr-2(vs29) allele had 

the most profound effect on the 

worm’s chemosensory response 

(Figure 9). The vs29 allele is known to 

be a dominant negative mutation 

(Jose et al., 2007), which means that 

any TRPV channel incorporating an 

OCR-2(VS29) subunit in its 

quaternary structure will be rendered 

non-functional. This is exemplified by 

the severity of ocr-2(vs29) 

chemosensory defects, showing high 

proportions of animals scored in the agar region that could not sense or find a bacterial 

lawn after 3 hours. Other alleles of TRPV subunit genes displayed impaired chemotaxis 

to glucose. The osm-9(yz6) allele and ocr-4 gene in the triple mutant ocr-1(ok132); ocr-

2(ak47); ocr-4(vs137) shows a lower proportion for glucose preference, but still 

responded normally to bacteria sensing according to the miniscule proportions of worms 

tallied in the agar region. 

  

Neuronal-Related Transcripts Impacted by a Glucose Diet 

Our lab previously conducted RNA-sequencing experiments to identify genes that 

Figure 9. Chemotaxis assays performed on mutations 
in ciliated sensory neurons and serotonin-related 
mechanisms. Data sets for N2 Wild Type and che-
3(e1124) are duplicates from figure 8. 2-way ANOVA 
with multiple comparisons to N2 Wild Type control. p 
< 0.0332 (*), p <0.0021 (**), p <0.0002 (***),  
p <0.0001(****) 



31 

are differentially regulated in response to a glucose diet (Garcia et al, 2015). To determine 

if glucose impacts the expression of neuronal genes, I searched through the RNA-

sequencing data to identify transcripts that are coded by known or predicted neuronal-

related genes. These genes were identified by 1) searching for gene descriptions that 

have the terms “neuron/neuronal” and 2) comparison of the RNA-sequencing data set to 

a list of neuronal genes listed in WormBook by O. Hobert (2013). Of the 1850 gene 

transcripts previously found upregulated on a glucose diet, 121 transcripts were neuron-

related, and out of 520 down-regulated transcripts, 16 were neuron-related. A heat map 

was produced of differentially regulated transcripts from the calculation of the fold 

increase measured on glucose vs. control (Figure 10). The complete spreadsheet of 

differentially regulated genes is available in supplementary file S1. Aside from ocr-1, there 

are additional transcripts that were upregulated transcripts in response to a glucose-

supplemented diet. This extensive level of upregulation aroused my curiosity and so I 

looked further into the function of these genes. The grd-6 transcript was upregulated 88.7-

fold; this genes codes for a hedgehog-like protein for which there is currently no functional 

understanding or associated phenotypes. However, expression pattern data indicates 

that grd-6 promoter expression in the HSN (the neuron responsible for egg-laying) 

(Aspock et al., 1999) in addition to expression in the nervous system (WormBase ID: 

WBGene00001695, 2016). A human ortholog to a zinc-activated ion channel predicted to 

have extra-cellular activity (WormBase ID: WBGene00007903, 2016), lgc-1 has a 17.26-

fold increase. The neuropeptide-like protein gene, nlp-25, reaches 53.41-fold increase in 

expression. Little is presently understood about the role of this gene. 

This neuron-related list was further categorized by searching neurotransmitter 
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related transcripts. Three dopaminergic-related transcripts (dat-1, cat-2, and dop-1), two 

serotonergic-related transcripts (egl-46 and mpz-1), three GABA-related transcripts (snf-

11, unc-25, and gta-1), and three acetylcholine-related transcripts (cho-1, acr-18, and 

des-2) were upregulated in animals fed a glucose diet. 

 
The dat-1 gene is for a dopamine transporter located in the plasma membrane of 

presynaptic neurons presumed to function in reuptake, acting as a regulatory mechanism 

(Jayanthi et al., 1998) and functioning in a channel mode giving rise to membrane 

Figure 10. Heatmaps of glucose-
upregulated and glucose-downregulated 
neuron-related genes were generated 
based on fold change in expression level. 
Categorization adapted from those outlined 
by Hobert  in “The neuronal genome of 
Caenorhabditis elegans.” WormBook, ed. 
The C. elegans Research Community, 
WormBook, 
doi/10.1895/wormbook.1.161.1 (2013)  

Glucose-upregulated Neuronal Transcripts 

Glucose-downregulated Neuronal 
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depolarizations (Carvelli et al., 2004). Tyrosine hydroxylase, which performs the rate-

limiting step in catecholamine synthesis, is encoded by the cat-2 gene and plays a role in 

dopamine synthesis (Calvo et al., 2011). Lastly, dop-4 encodes a dopamine receptor 

localized to postsynaptic membranes (Sugiura et al., 2005). Among C. elegans sensory 

neurons, dopamine is localized to the CEPD, CEPV, PDE, and ADE neurons (Suo et al., 

2003; Rand & Nonet, 1997; Sulston et al., 1975; Sulston & White, 1988) that function in 

mechanosensation (Sawin et al., 2000). However, it is an important reminder that 

dopamine and its various receptor genes are expressed throughout the C. elegans 

anatomy, and particular processes cannot be accurately pinpointed with whole worm 

RNA-seq data alone. In essence, genes for dopamine production, dopamine reception, 

and dopamine reuptake are upregulated pointing to an increase in dopaminergic signaling 

in the entire organism fed a glucose-supplemented diet. Like dopaminergic pathways, the 

genes related the synthesis, receptors, and reuptake of GABA (snf-11, unc-25, & gta-1) 

and Acetylcholine (cho-1, acr-18, & des-2) are also upregulated in response to a glucose-

supplemented diet. This would suggest that a glucose supplemented diet has a 

stimulatory affect on the C. elegans nervous system. 

To illustrate functional relationships among genes and their systematic roles 

various software programs can be utilized. Here the neuron-related transcripts that were 

differentially regulated by a glucose diet were mapped out using GenMANIA to identify 

networks and Cytoscape to communicate these networks (Figures 11, 12, 13, & 14).  

Figures 12 & 13 show the upregulated networks excluding coexpression (Figure 12), 

coexpresion and protein homology data (Figure 13). These networks were built to 

highlight the obscured interaction data .  
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Figure 11. Glucose-upregulated transcripts full network map created with GeneMania and Cytoscape. 
Listing order in legend is ranked (top to bottom) by occurrence. Size of nodes and lines correlate with 
strength of support. Ontology classifications adapted from: The GeneMANIA prediction server: 
biological network integration for gene prioritization and predicting gene function, by Warde-Farley et 
al., 2010, in Nucleic acids research, 38(suppl 2), W214-W220.  
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Figure 12. Glucose-upregulated transcripts (excluding coexpression data) mapped with GeneMania 
and Cytoscape. Listing order in legend is ranked (top to bottom) by occurrence. Size of nodes and 
lines correlate with strength of support. Ontology classifications adapted from: The GeneMANIA 
prediction server: biological network integration for gene prioritization and predicting gene function, by 
Warde-Farley et al., 2010, in Nucleic acids research, 38(suppl 2), W214-W220.  



36 

 
Figure 13. Glucose-upregulated transcripts mapped with GeneMania and Cytoscape. Listing order in 
legend is ranked (top to bottom) by occurrence. Size of nodes and lines correlate with strength of 
support. Larger, unfiltered networks available in Appendix A. Ontology classifications adapted from: 
The GeneMANIA prediction server: biological network integration for gene prioritization and predicting 
gene function, by Warde-Farley et al., 2010, in Nucleic acids research, 38(suppl 2), W214-W220.  
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PANTHER Ontology Classification of Glucose-upregulated Neuronal Genes 

Using PANTHER (Mi et al., 2016), a web-based gene ontology classification 

system, glucose-upregulated neuronal genes were classified by biological processes. As 

for neuron-related glucose-upregulated biological processes, the three largest categories 

were 1) cellular processes, 2) metabolic processes, and 3) localization (Figure 15). Of 

those genes categorized in cellular processes, the majority (57%) are related to cell 

communication, followed by cell cycle (16%), and cellular component movement 

(14%)(Figure 16). Out of the genes involved in the cell communication subcategory, 92% 

are associated with signal transduction. Taking this into consideration along with the 

Figure 14. Glucose-downregulated transcripts mapped with GeneMania and Cytoscape. Listing order in 
legend is ranked (top to bottom) by occurrence. Size of nodes and lines correlate with strength of 
support. Ontology classifications adapted from: The GeneMANIA prediction server: biological network 
integration for gene prioritization and predicting gene function, by Warde-Farley et al., 2010, in Nucleic 
acids research, 38(suppl 2), W214-W220.  
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additional upregulated neurotransmitter-related transcripts, would indicate increased 

neuronal communication/signaling in response to glucose-supplemented diet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15(left). 
PANTHER Gene 
Ontology of 
transcripts 
upregulated in a 
glucose-
supplemented diet 
categorized by 
biological process. 

Figure 16(below). 
Biological Process 
sub-category: Cell 
Process transcripts 
upregulated in a 
glucose-
supplemented diet.  
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Interactions of G-Protein α Subunits GPA-10 and ODR-3 that  
Affect Glucose Chemotaxis 

 
The two G-protein α subunits found to impact glucose chemotaxis were analyzed 

using alignment tools for protein sequence similarity. Interactions with GPCR’s and seven 

trans-membrane receptors are determined by the C-terminal region of G-protein α 

subunits (Conklin & Bourne, 1993). Compairing GPA-10 (UniProt ID: Q4VT42) and ODR-

3 (UniProt ID: Q18434) sequence alignment through Protein BLAST (Boratyn et al., 2013; 

Altschul, 1993) yields high similarity in the C-terminus region, which would suggest that 

they interact with the same or highly similar targets (Figure 17). 

 

 

Figure 17. Amino acid sequence alignment of ODR-3 and GPA-10 via Protein BLAST 
(https://blast.ncbi.nlm.nih.gov). 



40 

 

 
 
 
 
 

Figure 18. STRING (http://string-db.org) protein interaction network of GPA-10 and ODR-3 as a 
multiple protein query. Predicted functional pairing with GPB-1 is scored with support from 
coexpression data, experimental data, textmining, and other databases. The for GPA-10 and ODR-3 
edges were placed in opposition to show interaction.  
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After analysis with STRING (http://String-db.org) (Szklarczyk et al., 2015) these two G-

protein α subunits interact a common G-protein β subunit, GPB-1, in addition to other 

protein targets. (Figure 18). GPB-1 complexes with the other G-protein subunits in the 

default heterotrimeric manner (van der Voorn et al., 1990). A recent discovery revealed 

that GPB-1 interacts with OCR-2 in the ADF sensory neuron, to control baseline tph-1 

expression and serotonin production (Xu et al. 2015). This hints at the likelihood that 

ODR-3 and GPA-10 interact with OCR-2. However, GPB-1 is one of two β subunits 

expressed throughout the worm, so it is quite common. Shared interaction was also 

shown with GPB-2, however it is not as strongly supported with data. 

 

Observations on a Possible Novel Egg-Withholding Phenotype 

Normally, wild type worms lay single eggs or in clumps of 2, as observed on 

standard diet control plates. On glucose-supplemented diet plates, wild type egg-laying 

patterns were more often observed in clumped groupings of 4-6 eggs. This appears to be 

a possible withholding behavior response (from a lack of vulva muscle contraction) with 

subsequent expulsion of eggs before the uterus is damaged. It has not been observed 

whether this expulsion of eggs is the result of uterus pressure, vulva muscle contractions, 

or both. The clumped egg patterns were not observed with all animals on glucose diet, 

and some mutations (osm-9(ky10), ocr-2(ak47), and ser-1) exhibited the behavior on 

standard diet. The che-3 and ocr-2(vs29) mutants were not observed withholding eggs 

on either glucose diet or standard diet. The tph-1(mg280) mutant left clumped egg 

groupings on glucose-supplemented diet. Nonetheless, it is premature at this point to 

establish effects of mutations on this behavior. This phenotype requires real-time 

http://string-db.org/
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observation while overcoming the difficulties of temperature fluctuations caused by scope 

illumination. Overlapping tracks in the bacterial lawn also make it difficult to determine the 

time point of the egg release. In light of these challenges, this novel egg withholding 

phenotype should be investigated further for means of quantification and validity. 
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CHAPTER IV 

DISCUSSION 

Egg-laying Responses to Glucose 

The time variable of the egg-lay assay was narrowed to 1-hour increments, in 

comparison to the 6-hour assay time as performed by Teshiba et al. (2016). It was 

determined that egg-laying rate is reduced for approx. 1 hour until worms appear to 

recover to a normal egg-laying rate (Figure 19). However, “recover” is a term used loosely. 

Seeing that ovulation rate does not reduce in the presence of glucose (Teshiba et al., 

2016), yet the rate of eggs leaving the vulva does reduce, it is reasonable to conclude 

that there is egg withholding in the uterus. The withholding response is then overcome 

after one hour when the uterus reaches maximum capacity and expels the eggs. This 

explains why after the 1st hour time point, the rate seems to increase by the 2nd hour. The 

eggs ovulated in the 1st hour are being withheld until the 2nd hour when they are counted, 

and the process repeats. Therefore, because the ratio of expelled eggs to withheld eggs 

gets larger as time progresses, the egg-lay rate on glucose diet approaches the rate of 

the control standard diet. This is also supported by the egg-laying rate of worms 

transferred from standard cultivation plate to a glucose test plate in how it closely matches 

the rate of worms cultivated on a glucose-supplemented plate and transferred to a 

glucose-supplemented test plate. If there were a recovery or change over time in 

response to the glucose, it would be evident from the first hour egg tally in the “Glucose 

to Glucose” populations by showing a rate closer to the “NGM to NGM” populations. 
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With the knockout of ciliated sensory neurons in the che-3(e1124) mutant, egg-

laying in the presence of glucose was not as severely affected as wild type, suggesting 

that ciliated sensory neurons and cilia-dependent mechanisms play a formidable part in 

this behavior. A new question comes to mind of whether the che-3 mutant experiences a 

starvation state signal from the loss of function of multiple sensory neurons that detect 

food related odors, as starvation is known to decrease egg-laying rate (Trent, 1982). 

 

The Role of Serotonin and Serotonin Receptors in  
Behavioral Responses to Glucose 

 
The results obtained from serotonin mutants in this experiment raises questions 

among what is presently understood with the functions and behaviors associated with 

these mutations. High serotonin levels are thought to mimic the presence of food in C. 

elegans (Saeki, 2001). Of the serotonin-related genes tested with behavioral assays, tph-

Figure 19. Egglay assays of worms cultivated in standard conditions (NGM) or on 55 
mM (1 %) glucose-supplemented diet and then assayed in standard NGM diet and 
glucose-supplemented diet. Eggs counted and removed at 1 hour increments. Rate was 
calculated between 5 animals per plate at each time increment. SEM error bars and 2-
way ANOVA. Assay performed by Abhishek Shah.  
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1 was predicted to have the most impact, as its tryptophan hydroxylase product is the first 

rate-limiting step in serotonin production. Knocking out this gene with a deletion allele tph-

1(mg280) prevents serotonin production to the point of being undetectable (Sze et al., 

2000). Despite ceasing all neurotransmission via serotonin, glucose chemotaxis 

remained intact. It is reasonable that serotonin signaling is not involved in the 

chemosensory pathway that regulates attraction behavior to glucose. That leaves the 

likelihood that glucose is sensed by the neurons pathways involved in water-soluble 

attraction. When it comes to egg-laying behavior however, the role of serotonin is 

complicated. 

Teshiba et al. found that supplementing serotonin via exogenously applied 5-HT 

rescued egg-laying response in the presence of glucose, and that tph-1 displayed 

reduced egg-laying at nearly the same rates with and without glucose (2016). This would 

infer a lack of serotonin produces the same phenotype as glucose. But, this reduced egg-

laying phenotype could also be correlated with starvation. My results with both tph-

1(mg280) and tph-1(n4622) mutants in the egg-lay assays do not show a significant 

difference from wild-type N2. In fact, my results with tph-1 mutants would indicate that 

glucose has an additive effect on the mutant’s egg-laying rate in comparison to the results 

of Teshiba et al. Mutations in ocr-2(yz5), needed for tph-1 expression in the ADF sensory 

neuron (Tobin et al., 2002; Zhang et al., 2004), did not affect egg-laying behaviors in 

response to glucose as anticipated, however osm-9(yz6) did show significance. 

Considering the results with serotonin mutants, it is unclear but unlikely the osm-9(yz6) 

result is due suppression of serotonin production genes. In terms of glucose chemotaxis, 

the osm-9(yz6) mutation did have an effect on chemotaxis response to glucose, but again, 
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given the negative chemotaxis results with the tph-1 serotonin production knockout, it is 

unlikely that the osm-9(yz6) results point to altered tph-1 expression. 

The SER-1 serotonin GPCR, expressed in vulva muscles and neurons, is also 

known to be involved in egg-laying and ser-1(ok345) mutants do not respond to serotonin 

(5-HT) stimulation of egg-laying (Dempsey et al., 2005). The authors also showed that 

more eggs accumulate in the uterus of tph-1(mg280), ser-1(ok345), and the tph-

1(mg280); ser1(ok345) double mutant when compared to wild type (Dempsey et al., 2005, 

Table 1), which means less eggs leaving the womb to the plate. Without 5-HT receptors 

in the neurons paired with vulva muscle function, the ser-1 mutant should not be able to 

receive signals to stimulate egg-laying, and results between the variables of glucose and 

non-glucose should be similar. However, my egg-lay results with the ser-1 mutant and 

those of Teshiba et al. do not reveal any significant difference in egg-laying behavior 

compared to wild-type. On the other hand, ser-1(ok345) mutation had an effect on 

glucose chemotaxis.  

Despite serotonin production mutant tph-1(mg280) showing no effects on egg-

laying and chemotaxis behaviors, it is interesting that serotonin receptor mutant ser-

1(ok345), and serotonin-gated chloride channel mod-1(ok103) showed significant 

influence (p<0.0002) on the chemosensory attraction to glucose. This could suggest that 

the SER-1 and MOD-1 receptors participate in additional signaling pathways upon 

reception of ligands other than serotonin. These ligands could then activate a different 

compliment of Gα subunits and signal cascades in a ligand-dependent functional 

specificity (Wettschureck & Offermanns, 2005). Ser-1 reporter is broadly expressed 

among amphid neurons (WormBase.org ID: WBGene00004776, 2017; Dempsey et al., 



47 

2005) in addition to mod-1 (WormBase.org ID: WBGene00003386, 2017) making both 

difficult to pinpoint specific neuronal impact.  

 

The Plausibility of the NSM Neuron in Glucose and 
∆PTS OP50 E. coli Egg-laying Responses  

 
Because glucose (even when applied topically) with ∆PTS OP50 E. coli did not 

affect egg-laying behavior, it indicates that glucose must be consumed by the bacteria 

after which the bacteria must be eaten by C. elegans to signal changes in egg-laying 

behavior. Thus, in this perspective, it alludes that the signal for inhibition of egg-laying 

response to glucose originating internally through the alimentary canal. A prime suspect 

to receive signal would be the serotonergic NSM (Neuro Secretory Motor) neuron that is 

located in the pharynx and secretes into the pseudocoelumic fluid (Avery & Thomas, 

1997). The NSM neuron senses the presence of food and affects behavior through 

increased pharyngeal pumping rate, increased egg-laying rate (Avery & Thomas, 1997), 

and slowed locomotion (Sawin et al., 2000). The NSM neuron is primarily known to 

facilitate neurotransmission via serotonin, which my tph-1, ser-1, and mod-1 mutant 

results ruled out as having an effect on egg-laying. However, it also signals through 

glutamate (Altun, 2011; WormAtlas, 2017), which is the most plausible account for these 

conflicts. These questions require further investigation and proof to reach a conclusion.  

 

Bacterial Exopolysacharide Production Obstructs Sensory Neurons 

Visual inspection under dissecting microscope (120X magnification) of OP50 E. 

coli that grows on glucose supplemented media, revealed a change in texture and 

thickness of the bacterial lawn. Compared to smooth consistency growth on normal 
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media, the lawn has a grainy clumpy consistency resembling that of applesauce when 

grown on glucose. It also does not adhere as well to the growth media agar. ∆PTS OP50 

E. coli lawn is also devoid of the grainy consistency when grown on glucose, because it 

cannot transport it into the cell. When glucose is consumed in excess by bacteria it is 

incorporated into the cell’s exterior to form exopolysaccharides, which aid the organism 

in predator defense, surface adhesion, and more (Freitas et al., 2011). The alginate 

exopolysaccharide produced by S. aeruginosa is responsible for a loss of C. elegans 

NPR-1-mediated aversion behavior to the pathogenic bacteria (Reddy et al., 2011). Thus, 

exopolysaccharides have the potential to block certain receptors, which piques some 

curiosity if receptors are affected for neurons involved in the organism’s signaling of 

feeding state. A lack of food is known to cause a reduced egg-laying rate in C. elegans 

(Trent, 1982). Starvation is also noted for activating GFP reporters of immune response 

genes nlp-29 and clec-60 (Melo & Ruvkun, 2012) that were found to be up-regulated in 

worms fed a glucose-supplemented diet (Garcia et al., 2015, Supplementary Data). Albeit 

food being available and consumed, these starvation associated genes are being 

activated. For these reasons I propose that exopolysaccharides produced by glucose-

consuming OP50 E. coli are interfering with C. elegans’ perception through neuron 

receptor functions that signal feeding state and/or food presence. The other, less-likely 

possibility is that worms are deriving a sensory response from N-acetyl-heparosan, a 

known exopolysaccharide produced by E. coli from glucose consumption (Wang et al., 

2010).   

The prospect of sensory neurons being obstructed by biofilms, could be a novel 

understanding of gut microbiome symbiosis and new therapeutic treatments. The 
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influence of how glucose may affect human gut microbiota exopolysaccharides and its 

effect on host / symbiant signaling may be of interest, considering the emerging research 

and recent interest among researchers into the influence of gut microbiome on human 

health (Bäckhed et al., 2005; Turnbaugh & Gordon, 2009) A number of different biofilms 

with unique properties can be produced in the gut, based on the variety of bacteria strains 

populating it. As previously mentioned, these films are synthesized through excess sugar 

consumption by bacteria, available from excess host consumption. Immune interaction in 

the gut and the immune response is subject to different effects depending on the bacteria 

strain and metabolites consumed by the host (Smolinska et al., 2017). Some probiotic 

studies have been conducted, finding some beneficial properties attributed to 

Bifidobacterium including immune system modulation through reduced IL-6 inflammation 

(Salazar et al., 2014). Besides the Bifidobacteriums study and related investigations, this 

area of research is largely uncharted.   

 

Glucose Chemotaxis Responses via SpecificGα Proteins in Specific Neurons 

A range of Gα-proteins are coupled to TRPV channels with expression in specific 

neurons (See Table 1), and specific Gα-proteins determine the signal cascade that results 

(Sze, 2007). Using the available multi-mutant gpa-2(pk16), gpa-3(pk35), gpa-13(pk1270) 

V; gpa-5(pk376), gpa-6(pk480) X allowed for the targeting of G-protein α subunit genes 

gpa-3 and gpa-13 also known to have ADF localization. The last remaining ADF-localized 

G-protein α subunit gene odr-3 was assayed previously where it was shown to have a 

loss of volatile odorant sensation of isoamyl alcohol, but functioning water-soluble 

sensory function to glucose (Garcia et al., 2015). The recent assay performed with odr-3 
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revealed an impaired glucose chemotaxis. Despite that the gpa-2, 3, 5, 6, 13 multi-mutant 

removes the function of all other G-protein α subunit genes (with the exception of odr-3) 

specific to the AWA and AWC volatile odorant sensory neurons, no significant effect was 

noticed on chemotaxis behavior to both glucose and bacteria. These findings suggest 

that gpa-10 and odr-3, which encode G-protein α subunits for heterotrimeric GTPases, 

are uniquely involved in glucose attraction.  

Both gpa-10 and odr-3 share expression in the ADF neuron, which is known to 

contribute only a minor role in water-soluble attraction to compounds like NaCl, biotin, 

and cAMP (Bargmann & Horvitz, 1991). In light of current understanding that the amphid 

sensory neurons specificity to certain molecular properties and molecular shapes, it 

raises the possibility that the ADF responds more strongly to glucose than other water-

soluble attractants. Another explanation for the “impairment” in glucose chemotaxis 

observed in odr-3 mutants could be viewed as a net loss of attraction stimuli –volatile 

attraction to be precise. The total attraction to a glucose-supplemented bacteria lawn is 

the sum of each attractant type present, both water-soluble and volatile attractants. So, 

the results with the odr-3 mutant could be the outcome of a weak attraction signal 

originating from only a few neurons that receive input from environmental glucose. 

However this cannot account for the results with gpa-10 as this mutant was still 

responding normally to volatile attractant isoamyl alcohol (data not shown), to which odr-

3 mutants do not sense (Garcia et al., 2015). 

Like the aforementioned NSM neuron, the serotonergic ADF neuron is also thought 

to be involved in food sensing and signals related to fed / starvation states (Jafari et al., 

2011). My chemotaxis results with serotonin mutants however, would rule out serotonin 
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pathways of the ADF. Unlike the NSM neuron, the ADF sensory cilia are located externally 

to interface with the environment. GPA-10 is localized only to the ADF, ASI, and ASJ 

neurons (Bargmann, 2006), which all function in signaling entry into dauer formation. With 

a defective DAF-2 receptor protein to receive signals triggering stress response gene 

transcription and entry into dauer stage (Lee et al., 2003; Riddle et al., 1981), the daf-2 

mutant was shown to have increased survivorship in the presence of glucose during 

anoxic stress (Garcia et al., 2015). This may warrant investigation into a possible 

interaction between GPA-10 and DAF-2, to determine if GPA-10 is a glucose 

correspondent to oxidative stress.  

The Gα-encoding gene, odr-3, is known to affect cilia morphology in the AWA and 

AWC amphid sensory neurons, rendering them non-functional (Roayaie et al., 1998). The 

question arose of whether GPA-10 and other G-protein α subunits may affect cilia 

morphology like ODR-3. To answer this, gpa-10 mutants were assayed for chemotaxis to 

isoamyl alcohol in which results showed their attraction was unaffected, responding like 

wild-type worms (data not shown). On the other hand, odr-3 mutants do not respond to 

the volatile attractant (Garcia et al., 2015). While GPA-10 may not affect cilia morphology 

of the AWA and AWC, its effect on the morphology of other sensory neurons remains 

unanswered.  

The ADF, ASI, and ASJ sensory neurons are all involved in minor water-soluble 

attraction and are the only 3 neurons known with GPA-10 expression (Bargmann, 2006). 

A new question for future research is whether gpa-10 and the other mutations in this study 

that were observed to affect glucose chemotaxis will also affect chemotaxis to other 
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water-soluble and ionic attractants. This will clarify if these mechanisms are strictly 

reserved to glucose. 

 

TRPV Channel Alleles and Glucose Chemotaxis 

A surprising lack of effect was observed in the chemotaxis behavior of the ocr-

1(ak46); ocr-2(ak47); osm-9(ky10) triple mutant as it was predicted to knockout function 

in many sensory neurons, producing results similar to ocr-2(vs29) and che-3 mutants. 

However, this is probably due specifically to the osm-9(ky10) allele not knocking out 

chemosensory function in the amphid neurons, given that the ak46 and ak47 alleles are 

both large deletions (WormBase.org ID: WBVar00000114, 2016; WormBase.org ID: 

WBVar00000115, 2016). The osm-9 gene is also the most widely expressed TRPV 

channel subunit in sensory neurons (Tobin et al., 2002), thus the predicted subunit to 

have the greatest impact on all sensory behavior. Currently, there is no sequence data 

available for the osm-9(ky10) allele (WormBase.org ID: WBVar00088387, 2016). 

There were notable differences observed in glucose chemotaxis responses 

between osm-9 alleles and ocr-2 alleles respectively. The osm-9(yz6) allele showed 

reduced preference to glucose whereas the osm-9(ky10) allele in the triple mutant ocr-

1(ok132); ocr-2(ak47); osm-9(ky10), showed a preference like wild type. The same was 

observed for the ocr-2(vs29) versus the ocr-2(yz5) and ocr-2(ak47) alleles. This can be 

attributed to how subunit interactions in the TRPV heterotetramer can alter functionality 

of the channel through quaternary structure assembly and localization.  

The most extreme case is the dominant-negative mutations like ocr-2(vs29), where 

incorporating the subunit into the heterotetrameric channel will render it non-functional in 
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signal transduction for uterus capacity mechanosignaling (Jose et al., 2007). The 

dominant-negative loss-of-function was exemplified in my chemotaxis results for ocr-

2(vs29), where odorant sensory attraction and glucose attraction were significantly 

affected. Expression for ocr-2 is localized to the AWA(volatile sensing), ASH(water-

soluble sensing), ADL, and ADF, thus ocr-2(vs29) impacts function in all of these neurons. 

TRPV alleles are also known affect modality of the channel, tailoring to specific 

neuron functions and senses. Assembly of the channel with different combinations of 

TRPV subunits assembly can alter the location and affect function of the channel (Kahn-

Kirby & Bargmann, 2006; Sokolchik et al, 2005). The yz5 allele of ocr-2 has been shown 

to knockout function of osmosensation in the ASH neuron but restoring volatile odorant 

sensation in the AWA and AWC sensory neurons that was lost in the ak47 deletion allele 

(Zhang et al., 2004; Sokolchik et al., 2005). This has been attributed to the OCR-2(G36E) 

substitution in the yz5 allele, yet research is inconclusive into how exactly this substitution 

alters function (Sze, 2007).   

Like ocr-2(yz5), the osm-9(yz6) allele is a substitution mutation, which similarly 

alters function in specific neurons in a modality manner. Because each neuron has its 

own compliment of secondary TRPV subunits, there is the likelihood that this modality 

occurs upon altered interaction between the allele protein subunit OSM-9(YZ6) and 

secondary channel subunits (OCR-1, OCR-2, OCR-4). Impaired chemotaxis by the osm-

9(yz6) mutant to glucose (a water-soluble attractant) suggests that the modality is altered 

upon interaction with OCR-2 originating in the array of water-soluble sensing neurons that 

express it. Volatile attraction sense of the AWC neuron would remain unaffected when 

OSM-9(YZ6) forms a homotetramer channel due to lack of expression of other TRPV 
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subunit genes in this neuron. The TRPV deletion alleles ocr-1(ak46), ocr-1(ok132), ocr-

2(ak47), and osm-9(ky10) did not affect glucose chemotaxis. Thus, a substitution mutant 

allele will more likely act as a modality determinant in interaction with other subunits, 

whereas a deletion mutation knocks out the function to a TRPV subunit, allowing another 

subunit gene to take its place in a redundant manner.  

The ocr-4 gene has yet to be phenotyped as affecting chemosensory function. It 

is presently only known to have expression in the OLQ mechano-sensory neurons. Tobin 

et al. finds that the ocr gene family serve a function in affecting OSM-9 TRPV channel 

localization to the cilia, yet for ocr-4, it localizes only to the OLQ cilia (2002). More 

investigation is needed to ascertain the effect of the ocr-4 gene on chemosensory function 

and to declare a phenotype of being involved in glucose attraction. 

 

TRPV Channels and Human Health  

As mentioned in the introduction, TRPV channels are expressed in mammalian 

pancreas nerves and in C. elegans neurons with insulin-like receptors. This channel is 

conserved in both mammalian and C. elegans insulin-signaling pathways. Lee & Ashrafi 

proposed that OCR-2 (TRPV channel subunit) lies upstream of DAF-2 (insulin signaling 

reception) where it functions a channel for Ca2+ influx in sensory neurons that detect 

nutrients (2008). As possible targets to treat both cancer and diabetes, researchers are 

bringing attention to TRPV channels. Cancers of the prostate, colon, pancreas, bladder, 

and breast are shown to have a rise in TRPV1 expression (Prevarskaya et al., 2007; 

Dhennin-Duthille et al., 2011). This makes some types of cancer cells more vulnerable 

than healthy cells to apoptotic influx of cations by treatment with TRPV receptor ligands 
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(Macho et al., 1999; Ziglioli et al., 2009). With better understanding of how TRPV alleles 

can alter the protein’s structure and modulate function to localized neurons and signaling 

cascades, novel methods to target and stop cancer proliferation could be developed.  

 Currently, TRPV1 is also being investigated in conjunction with diabetes and 

obesity and as potential drug targets, due in part for their high expression in pancreas 

nerves. Pancreas islet of Langerhans β-cells are innervated with TRPV1 channels (Akiba 

et al., 2004; Gram et al., 2007), and the search for more effective agonists and 

antagonists to TRPV1 channels is underway (Suri & Szallasi, 2007; Szallasi et al., 2007). 

As novel therapeutic target, TRPV1 stimulation with dietary capsaicin, enhanced glucose 

homeostasis in rats through glucagon-like peptide-1 secretion in the gut (Wang et al. 

2012) TRPV1 was also shown to help ischemia-injured mouse hearts by restoring TRPV1 

and nerve growth factor (NGF) expression levels (Zheng et al., 2015) It has been 

suggested that TRPV1 also modulate T-cell activity in autoimmune responses in type 1 

Diabetes (Brito et al., 2014).  

Manipulation of TRPV channel translocation or modality in pancreas cells by 

altering or inhibiting subunit assembly is a novel avenue for consideration in diabetes 

treatment and medicine. C. elegans research revealed that different alleles for TRPV 

subunit genes will affect function in specific neurons in what has been described as  

modality (Sokolchik et at., 2006), and that some alleles, ocr-2(vs29), are dominant-

negative and the subunit interaction knocks out channel function (Jose et al., 2007). My 

results with the TRPV mutants and alleles support these findings by the aforementioned 

authors. Also, more in-depth investigations revealed that TRPV channel localization will 

change, where in migration along the cilia will occur depending on the subunit assembly 
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of the channel (Kahn-kirby & Bargmann, 2006). Similarly in mammalian cell cultures, 

insulin and insulin-like growth factor (IGF-1) were discovered to affect TRPV1 

translocation to the cell surface and modulation of membrane currents in cultured root 

ganglion neurons (Van Buren et al., 2005). The same was found for TRPV2 and TRPV4 

(Hisanaga et al., 2009; Skrzypski et al., 2013). The authors findings also suggest that 

hormones and signaling molecules are routes of reaching TRPV channels to alter 

function. Molecular interactions to target TRPV channel subunits and alter modality of the 

channel could be the next avenue of discovery.  
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Table A1: G-protein Gene Expression 

Gene Amphid 
neurons 

Other 
sensory 
neurons 

Other 
neurons Muscles Pharynx Other cells/ 

tissues Embryonic Subcellular Reference 

gsa-1 all All, male 
specific All 

Body wall, 
pharyngeal
, vulval, 
male 
specific 

Muscles, 
neurons 

Excretory 
cell, intestine Extensive   

Korswagen et 
al., 
1997; Park et 
al., 1997 

egl-30 ? ? Most 

Pharyngeal
, vulval, 
anal 
sphincter 

Muscles Sperm Early 
embryos 

Cell 
periphery in 
early 
embryos, 
neural cell 
bodies and 
processes, 
highest in 
axons of 
nerve ring 

Lackner et 
al., 
1999; Bastian
i et al., 2003 

goa-1 All All All 

Pharyngeal
, intestinal, 
vulval, 
uterine, 
male 
diagonal 

Muscles, 
neurons 

Spermatheca
, distal tip 
cells 

Early 
embryos 

Cell 
membranes 
and 
centrosome
s in embryo, 
neuronal 
processes 
in adults 

Mendel et al., 
1995; Ségalat 
et al., 
1995; Miller 
and Rand, 
2000 

gpa-1 

ADL, 
ASH, 
ASI, 
ASJ 

PHA, PHB, 
SPD, SPV, 
SPC 

            

Jansen et al., 
1999; Jiang 
and 
Sternberg, 
1999 

gpa-2 AWC 

PHA, PHB, 
and IL1L, IL2
L, OLL or 
URB 

PVT, AIA Anal 
sphincter 

M1, M5, I
5     

Cilia, cell 
bodies, 
axons 

Zwaal et al., 
1997; Lans et 
al., 2004 

gpa-3 

ADF, 
ADL, 
ASE, 
ASG, 
ASH, 
ASI, 
ASJ, 
ASK, 
AWA, 
AWC 

PHA, PHB PVT, AIZ         
Cilia, cell 
bodies, 
axons 

Zwaal et al., 
1997; Lans et 
al., 2004 

gpa-4 ASI               Jansen et al., 
1999 

gpa-5 

AWA, 
ASI, 
ADL 

            

Cilia, cell 
bodies, 
axons, 
synaptic 
sites 

Jansen et al., 
1999; Lans et 
al., 2004 

gpa-6 

AWA, 
ASI, 
AWB, 

PHA, PHB           
Dendrites, 
cell bodies, 
axons 

Jansen et al., 
1999; Lans et 
al., 2004 

(table continues) 

(continued) 

http://www.wormbase.org/db/gene/gene?name=gsa-1
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib43
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib43
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib43
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib61
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib61
http://www.wormbase.org/db/gene/gene?name=egl-30
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib46
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib46
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib46
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib3
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib3
http://www.wormbase.org/db/gene/gene?name=goa-1
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib52
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib52
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib73
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib73
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib73
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib55
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib55
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib55
http://www.wormbase.org/db/gene/gene?name=gpa-1
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib36
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib36
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib36
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib36
http://www.wormbase.org/db/gene/gene?name=gpa-2
http://www.wormbase.org/db/get?name=IL1L;class=Cell
http://www.wormbase.org/db/get?name=IL2L;class=Cell
http://www.wormbase.org/db/get?name=IL2L;class=Cell
http://www.wormbase.org/db/get?name=PVT;class=Cell
http://www.wormbase.org/db/get?name=M1;class=Cell
http://www.wormbase.org/db/get?name=M5;class=Cell
http://www.wormbase.org/db/get?name=I5;class=Cell
http://www.wormbase.org/db/get?name=I5;class=Cell
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib100
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib100
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib47
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib47
http://www.wormbase.org/db/gene/gene?name=gpa-3
http://www.wormbase.org/db/get?name=PVT;class=Cell
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib100
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib100
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib47
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib47
http://www.wormbase.org/db/gene/gene?name=gpa-4
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbase.org/db/gene/gene?name=gpa-5
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib47
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib47
http://www.wormbase.org/db/gene/gene?name=gpa-6
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib47
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib47
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Gene Amphid 
neurons 

Other 
sensory 
neurons 

Other 
neurons Muscles Pharynx Other cells/ 

tissues Embryonic Subcellular Reference 

ADL, 
ASH 

gpa-7 ? ? Many 

Pharyngeal
, intestinal, 
anal 
sphincter, 
anal 
depressor, 
body wall, 
vulval 

Muscles Gonad 
sheath     Jansen et al., 

1999 

gpa-8   AQR, PQR, 
URX             Jansen et al., 

1999 

gpa-9 ASJ PHB PVQ Pharyngeal Muscles Spermatheca     Jansen et al., 
1999 

gpa-
10 

ADF, 
ASI, 
ASJ 

  ALN, 
CAN, LUA     Spermatheca     Jansen et al., 

1999 

gpa-
11 

ADL, 
ASH               Jansen et al., 

1999 

gpa-
12 

    
Head, 
ventral 
cord, tail 

Pharyngeal
, body wall Muscles 

Hypodermis, 
intestine, 
excretory cell 

    

Jansen et al., 
1999; Yau et 
al., 2003; van 
der Linden et 
al., 2003 

gpa-
13 

ADF, 
ASH, 
AWC 

PHA, PHB           Cilia 
Jansen et al., 
1999; Lans et 
al., 2004 

gpa-
14 

ASI, 
ASH, 
ASJ, 
ASK 

ADE, PHA, 
PHB 

ALA, AVA, 
CAN, DVA
, PVQ, 
RIA 

Vulval         Jansen et al., 
1999 

gpa-
15 

ADL, 
ASH, 
ASK 

PHA, PHB Male 
specific     

Distal tip 
cells, anchor 
cell 

    Jansen et al., 
1999 

gpa-
16 

  AVM, PDE, 
PLM 

BDU, 
PVC, RIP 

Pharyngeal
, body wall, 
vulval 

Muscles Adult gonad 

All 
blastomere
s to 4 cell 
stage, 
persists in 
P 
blastomere 
and its 
sister, 
persists in 
germ line 

  Jansen et al., 
1999 

gpa-
17           Intestine     

J. Burghoorn 
and G. 
Jansen, 
personal 
communica- 
tion 

(table continues) 

http://www.wormbase.org/db/gene/gene?name=gpa-7
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbase.org/db/gene/gene?name=gpa-8
http://www.wormbase.org/db/get?name=AQR;class=Cell
http://www.wormbase.org/db/get?name=PQR;class=Cell
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbase.org/db/gene/gene?name=gpa-9
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbase.org/db/gene/gene?name=gpa-10
http://www.wormbase.org/db/gene/gene?name=gpa-10
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbase.org/db/gene/gene?name=gpa-11
http://www.wormbase.org/db/gene/gene?name=gpa-11
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbase.org/db/gene/gene?name=gpa-12
http://www.wormbase.org/db/gene/gene?name=gpa-12
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib98
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib98
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib84
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib84
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib84
http://www.wormbase.org/db/gene/gene?name=gpa-13
http://www.wormbase.org/db/gene/gene?name=gpa-13
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib47
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib47
http://www.wormbase.org/db/gene/gene?name=gpa-14
http://www.wormbase.org/db/gene/gene?name=gpa-14
http://www.wormbase.org/db/get?name=ALA;class=Cell
http://www.wormbase.org/db/get?name=DVA;class=Cell
http://www.wormbase.org/db/get?name=DVA;class=Cell
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbase.org/db/gene/gene?name=gpa-15
http://www.wormbase.org/db/gene/gene?name=gpa-15
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbase.org/db/gene/gene?name=gpa-16
http://www.wormbase.org/db/gene/gene?name=gpa-16
http://www.wormbase.org/db/get?name=AVM;class=Cell
http://www.wormbase.org/db/get?name=PDE;class=Cell
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib33
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Gene Amphid 
neurons 

Other 
sensory 
neurons 

Other 
neurons Muscles Pharynx Other cells/ 

tissues Embryonic Subcellular Reference 

odr-3 

AWA, 
AWB, 
AWC, 
ASH, 
ADF 

PHA or PHB           
Cilia, cell 
bodies, 
dendrites 

Roayaie et 
al., 
1998; Lans et 
al., 2004 

gpb-1 All All All Body wall All 

Somatic 
gonad, vulva, 
hypodermal 
seam cells, 
intestine, 
germ line 

Early 
embryos 

Cell 
membrane, 
asters 
before and 
during early 
cell 
divisions 

Zwaal et al., 
1996 

gpb-2 ? ? Most or all 
Pharyngeal
, body wall, 
vulval 

Muscles   

Broadly in 
head and 
tail ganglia 
from 
comma 
stage 

Outer cell 
membranes 
at neuronal 
cell bodies 

van der 
Linden et al., 
2001 

gpc-1 

ADL, 
ASH, 
ASJ, 
AFD, 
ASI, 
AWB 

PHA, PHB             Jansen et al., 
2002 

gpc-2 All All All All         Jansen et al., 
2002 

 
 
 
  

Table A1. Adapted from Heterotrimeric G proteins in C. elegans (October 13, 2006), WormBook, ed. The C. 
elegans Research Community, WormBook, by Bastiani, C. and Mendel, J. 
doi/10.1895/wormbook.1.75.1, http://www.wormbook.org 

http://www.wormbase.org/db/gene/gene?name=odr-3
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib66
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib66
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib66
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib47
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib47
http://www.wormbase.org/db/gene/gene?name=gpb-1
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib99
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib99
http://www.wormbase.org/db/gene/gene?name=gpb-2
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib85
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib85
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib85
http://www.wormbase.org/db/gene/gene?name=gpc-1
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib34
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib34
http://www.wormbase.org/db/gene/gene?name=gpc-2
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib34
http://www.wormbook.org/chapters/www_heterotrimericGproteins/heterotrimericGproteins.html#bib34
http://www.wormbook.org/
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Table A2. C. elegans Genetic Strains  
Strain Genotype Description  
JY190 osm-9(yz6) IV Downregulation of tph-1::GFP expression in the ADF neurons. 

TRPV channel subunit mutation✜  

CX10 osm-9(ky10) IV  

MT15434 

 

tph-1(mg280) II Tryptophan hydroxylase mutant, Defective serotonin (5HT) 

production 

MT14984 tph-1(n4622) II Egg-laying? Reduced pharyngeal pumping 

CX4533 ocr-1(ok132) V Double mutants with ocr-2 have reduced AWA gene 

expression 

Codes for TRPV channel subunit mutation✜ 

CX4534 ocr-1(ak46) V Double mutants with ocr-2 have reduced AWA gene 

expression 

CX4544 ocr-2(ak47) IV Chemosensory, mechanosensory, and osmosensory defects. 

Null allele  

TRPV channel subunit mutation✜ 

LX671 ocr-2(vs29) IV Lays 86% of its eggs at the 8-cell or earlier stage 

JY243 ocr-2(yz5) IV Downregulation of tph-1::GFP expression in the ADF neurons 

LX845 ocr-2(ak47) IV; 

ocr-1(ok132) V 

Double mutants with ocr-2 have reduced AWA gene 

expression. The boundaries of the deletion are: 

AGATTACTGATGCCATTGAACAAGTTCTCGTCA 

......TGATGTTTGAAAGGTGGAGTAGCAAAGAGA 

ak47 is chemosensory, mechanosensory and osmosensory 

defective, and is a null allele 

FG125 ocr-2(ak47) osm-

9(ky10) IV; ocr-

1(ak46) V 

 

MT9668 

 

mod-1(ok103) V. 

 

Serotonin resistant. Recessive.  

Serotonin-gated chloride channel defective✜ 

DA1814 

 

ser-1(ok345) X Serotonin receptor mutation✜ 

(continued) 



62 

NL1147 

 

gpa-10(pk362) V. G-protein α subunit defective in ADF, ASI, ASJ sensory 

neurons✜ 

 
 
 
 
 
 
 
  

(table continues) 

Table A2.  Wormbase.org description.  
All other descriptions provided by the Caenorhabditis elegans Genetics Center (CGC) 
Univ. of Minnesota website at: http://www.cgc.cbs.umn.edu/ 
 

http://www.cgc.cbs.umn.edu/
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