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§ L1 cell adhesion molecules (L1CAMs) are 
conserved immunoglobulin-like 
transmembrane glycoproteins that have 
important roles in nervous system 
development through cell-to-cell adhesion. 
L1CAMs are integral to normal nervous 
system functioning and are involved in 
axon guidance, synaptic development, 
synaptic function, and myelination1. 

§ Mutations of L1CAM genes are associated 
with disorders such as X-linked L1 
syndrome, autism spectrum disorder, and 
addiction1,3. 
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§ Siblings with the same L1CAM alleles can have different disease manifestations, 
indicating that L1CAM genes interact with modifier genes to lead to the 
manifestation of symptoms2.

§ In contrast to mammalian model organisms, the genetic accessibility of the soil 
nematode C. elegans facilitates the identification and characterization of such 
genetic interactions with L1CAMs. 

§ C. elegans has a single gene, sax-7, which encodes the L1CAM orthologue with 
conserved structural protein motifs as well as neuronal functions as mammalian 
L1CAMs3. 

§ Genetic interactions were previously identified between the L1CAM gene in 
C.elegans, sax-7, and the genes that function in the synaptic vesicle cycle1. 

§ For example, sax-7 genetically interacts with rab-3, which encodes a GTPase that 
targets synaptic vesicles to the presynaptic density. Double knockouts of rab-3
and sax-7 (rab-3(0); sax-7(0)) double mutant animals exhibit synthetic 
uncoordinated (Unc) locomotion1. 

§ While analyses of the nervous system as well as synapses at the light and 
ultrastructural level did not reveal abnormalities that underlie the synthetic Unc 
phenotype, a previous pilot genetic suppressor screen using chemical 
mutagenesis uncovered the role of ksr-1 in regulating locomotion.

§ Indeed, knocking out ksr-1 function suppresses rab-3(0); sax-7(0) uncoordinated 
locomotion. Since the KSR-1 protein facilitates the mitogen-activated protein 
kinase (MAPK) signaling pathway (see Fig. 2), this genetic finding suggests that 
knocking out MAPK function should also suppress rab-3(0); sax-7(0). Indeed, rab-
3(0); sax-7(0); mpk-1(0) triple knockout animals move in a coordinated fashion.

Objective: To better determine how sax-7 and MAPK regulate locomotion, I performed 
a screen to isolate additional genetic suppressors for rab-3(0); sax-7(0) locomotion 
defects using chemical mutagenesis.
§ Mutations will give rise to regained locomotion through loss of function of the 

mutated suppressor gene.

Hypothesis: Based on previous results, I hypothesize that suppressors uncovered in the 
screen should include:
a) components in the MAPK pathway, including protein targets of the MAPK pathway   
that mediate coordinated locomotion
b) other factors in the sax-7 pathway
c) factors in the rab-3 pathway, including components of the synaptic vesicle cycle 
d) other factors that regulate nervous system development (see Fig 4).

Objective and Hypothesis
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§ With the isolation of genetic suppressors from this project through suppressor 
screens and gene mapping, the mutated gene can be identified. 

§ I predict I will identify modifying genes that function with sax-7 either through the 
MAPK pathway or through other pathways to lead to Unc locomotion.
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§ Compare candidate dominant and recessive candidate suppressors to 
unmutagenized rab-3(0); sax-7(0) and eqIs5 locomotion phenotype.

§ Currently 6 independent suppressors that have directed 
locomotion rather than coiling behavior8.

§ Re-screen animals using Fig.3 method to confirm gain of directed locomotion.
§ Use worm tracking software to compare crawl and swim rates of the suppressor 

strain (rab-3; sax-7; suppressor) with rab-3; sax-7 animals, which have abnormally 
low crawl and swim rates8.

§ Sequence candidate suppressors that have successfully completed the suppressor 
screen assay to determine location of mutated suppressor gene.

§ The C. elegans strain, rab-3(js49); sax-7(eq28); eqIs5 was used. js49 and eq28 are 
null alleles of rab-3 and sax-7, respectively. eqIs is a transgene expressing ksr-1 in 
motor neurons to increase MAPK activity in those cells, resulting in a stronger 
uncoordinated phenotype, as expected.

§ Control: eqIs5
§ Unmutagenized rab-3 (0); sax-7(0) had few animals able to make it too food because 

of coiling phenotype.

Day 1: Propagate rab-3(0); sax-7(0); eqIs5 animals at 25˚C. 

Day 4: Bleach gravid animals, collect F1 embryos, and suspend in a flask of M9 
media in a shaking incubator overnight to allow embryos to hatch into 

synchronized animals of the L1 larval stage undergoing diapause.

Day 5: Plate L1 larvae to develop for three days at 25˚C to become L4 staged 
larvae or young adults.

Day 8: Mutagenize L4 larvae and young adults using 50mM 
ethylmethylsulfonate(EMS) for 4 hours at 20˚C.

Day 9: Bleach gravid animals and pipette F1 embryos onto plates. Grow at 25˚C. 
Propagate eqIs5 control. 

Day 15: Wash gravid F1 adults off and collect them in a tube and plate ~200 
animals onto one end of a 100mm petri dish with spot of food on the other 

side. Plate eqIs5 control animals in the same manner onto two plates.

Day 16: Screen plates for a) L1 stage F2 animals that travelled to the food 
(candidate recessive suppressor) as well as b) adult F1 animals (candidate 

dominant suppressor). 

Day 17: Examine candidate suppressor strains and perform a secondary 
suppressor screen on plates shown in Fig. 3 to confirm suppression of the Unc 

locomotion.

Methods
Fig. 4. Additional studies on sax-7 in non-neuronal tissues strongly suggest that sax-7 likely negatively regulates MAPK activation1. 
Predicted interactions between gene modifiers and sax-7 that lead to removal of Unc locomotion through  either through inhibiting 
Ras MAPK signaling (e) or other genetic pathways (a-d).

Fig. 3. Suppressor screen assay to quantify ability to 
suppress Unc. locomotion in chemically mutagenized F2 
rab-3(0); sax-7(0); eqIs5 animals. The yellow spot 
represents the bacteria food that the F2 embryos will 
travel to over a 24 hr period of Unc locomotion is 
suppressed.  (a) Initial set up on Day 15 with F1 adults and 
F2 embryos. (b)  Day 16 result of screen with adults and F2 
larvae. Candidate recessive suppressor larval animals and 
candidate dominant suppressor adults are able to travel to 
the food.
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Fig. 2. The Ras-MAPK signaling pathway is best 
characterized downstream of a receptor tyrosine kinase 
(RTK). Growth factor (GF) binds to an RTK, which results 
in activation through auto-phosphorylation and 
phosphorylating the intracellular signaling cascade 
(purple). The signaling cascade ultimately leads to 
activation of transcription factors that cause 
transcriptional changes in the nucleus. In addition to 
transcription factors, Erk can also regulate diverse 
cytoplasmic targets including actin, ion channels, and 
synapsin. The protein ksr-1 is a scaffold protein that was 
previously isolated in a suppressor screen. Ksr-1 is 
crucial for integrating functioning of Raf and MEK 5,6,7.
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Fig. 1. L1CAM genes are single-pass transmembrane 
proteins that function in a variety of adhesion and cell 
transduction processes. All L1CAMs share 6 
immunoglobulin-like domains, five extracellular 
fibronectin type III repeats, and a transmembrane 
domain, which allow for a wide variety of cell 
interactions and signal transduction processes1.
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