
The Purple Sea Urchin (S. purpuratus) Utilizes AMPA-type Glutamate Receptors in the Righting 
Response

Animals:
The purple sea urchins, Strongylocentrotus purpuratus, from the Pacific Ocean were obtained from Marinus Scientific (Long Beach, CA) and were maintained in an 
aerated multi-tank setting at 13°C containing artificial seawater (ASW) (Instant Ocean; That Pet Place, Lancaster, PA) prepared according to the manufacturer’s 
protocol. 
Pharmacological Solutions / Drug Administration:
Artificial seawater (ASW) was composed of (in mmol 1-1) Na+ (462), K+(9.4), Mg2+ (52), Ca2+ (9.4), Cl- (550), SO 2- (28), and Li+ (20) (Atkinson and Bingman, 
1997). ASW solutions 4 were used for all control conditions. For experimental conditions, glutamate, dimethyl sulfoxide, and decanoic acid was purchased from EMD 
Millipore-Sigma Corp. (Billerica, MA). Glutamate stocks were made at 100 mM concentration and Decanoic acid stocks were made at 10 mM and 12.5 mM 
concentrations in DMSO. 
Righting and Motility Assay:
A righting assay was used to test whether drug exposure affected the sea urchin’s ability to move its feet to right itself. Control experiments were performed in ASW 
prior to drug exposure. The sea urchins were placed upside down on their aboral side in the tank and the time it took for urchins to fully right was recorded. Drug 
righting experiments were performed following immersion in the drug solution for 1 hour at approximately 12-14 °C. A motility assay was used to test whether drug 
exposure affected the movement of the sea urchin’s tube feet. For drug administration, live sea urchins were immersed in the drug solution that was kept at 
approximately 12-14 °C for 1 hour before performing behavioral assays. Urchins were individually isolated in a small tank and recorded. Behavioral Observation 
Research Interactive Software (BORIS) was used for analyzing video footage and coding movement. A 6.25” segmented circle template was used as an underlay under 
the small tank, and tube foot movement over each of the 16 segment lines was tracked. The total number of events were recorded for each urchin in control and drug 
conditions.
Data Analysis:
GraphPad Prism was used to analyze the righting data and create a dose-response curve to determine the IC50 for Decanoic acid. All error bars in the figures are 
standard errors of the mean (SEM). The motility assay data obtained from BORIS analysis were analyzed to determine any significant differences in tube foot motility 
between urchins in Decanoic acid solution and control solution. ANOVA one-way  was used to determine statistical significance between control and experimental 
drug conditions. 

The purpose of this study was to further research the neurotransmitter systems within the purple sea urchin nervous system and its 
effects on urchin behavior and movement. According to our results glutamate did not have an affect on urchin righting and motility; 
whereas decanoic acid slowed the urchin righting response in a dose dependent manner while having no effect on urchin motility.
High concentrations of glutamate have previously been shown to desensitize neural receptors (Robert et al., 2003). However as 1 mM 
glutamate was shown to not affect the righting response at this relatively large concentration, it was determined that glutamate
oversaturation was not effective at blocking AMPA-like glutamate receptors in these conditions.
As decanoic acid was dissolved in DMSO, we had to determine if the concentration of 1% DMSO used to dissolved the decanoic acid
would affect the urchin nervous system. DMSO was determined to have no effect on urchin righting and motility at 1% final 
concentration indicating that the observed effects of decanoic acid were not due to DMSO.
Decanoic acid proved to be a very effective inhibitor, with significant inhibitory effects on the righting response at low concentrations, 
indicating it is a potent drug. However, motility did not appear to be inhibited even at the highest concentrations tested. As urchin 
righting is more neurologically complicated process than simple urchin motility (which measure the amount of tube feet movement), 
this suggests that urchins utilize AMPA-like receptors for complex neurological functions and potentially utilize another mechanism 
for more simple functions like motility. This is interesting as vertebrates utilize AMPA receptors for complicated neurological 
processes in the brain such as learning and memory (Gonzalez et al., 2010). These results indicate that AMPA-like glutamate receptors 
are present in the sea urchin nervous system, can be inhibited by decanoic acid, and are utilized in the urchin righting response but not 
motility.
This information will help further research into the echinoderm nervous system and echinoderms potential as model organisms for 
neurobiological studies due to their similarities with other vertebrate and human neurotransmitters.
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While the developmental and reproductive systems of the purple sea urchin, Strongylocentrotus purpuratus, have been studied for many 
years, there is little known about the neurobiology of the adult sea urchin. There has been little research into the underlying 
neurotransmitter processes behind the sensory, behavior, and motor systems of this widely used model organism. To further our
understanding of S. purpuratus neurotransmitters, righting and motility assays were used to indicate if AMPA-type glutamate receptors 
were present and affected urchin movement and behavior. Righting responses were conducted by inverting the urchin and recording the 
amount of time taken for the urchin to right itself. Motility assays were performed by isolating the urchin in a small tank and using 
Behavioral Observation Research Interactive Software (BORIS) to analyze the number of urchin tube foot movements. Righting and 
motility assays were recorded after drug immersion in varying concentrations of glutamate and decanoic acid, an AMPA receptor
inhibitor, in DMSO. High concentrations of glutamate were used in an attempt to desensitize AMPA glutamate receptors and block 
transmission. However, glutamate had little to no effect on the righting response and motility. Decanoic acid was then used to 
investigate the role of AMPA receptors in righting and motility. Very low concentrations of decanoic acid significantly slowed the 
urchin righting response and motility data is continuing to be analyzed. These results indicate that glutamate oversaturation is not 
effective for blocking AMPA glutamate receptors in this paradigm and that AMPA glutamate receptors are present in the adult sea 
urchin neural system and are utilized in urchin behavior.
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INTRODUCTION
The Echinoderm phylum consists of marine invertebrates including starfish, sea cucumbers, and sea urchins among others. Of all 
Metazoan phyla, the echinoderm nervous system remains the least studied (Burke et al., 2006). While purple sea urchin larvae have been 
used as a model organism for reproductive and developmental biology, due to the ease of obtaining the organisms and monitoring 
development, little is known about the cellular biology of the adult sea urchin at a molecular level (Shah et al., 2018; McClay, 2011).
Adult sea urchins have a decentralized nervous system consisting of a peripharyngeal nerve ring that surrounds the esophagus adjacent to 
the oral cavity within the Aristotle’s lantern. Nerve cords connect this ring to the subepithelial nerve net that innervates the tube feet and 
spines (Smith et al., 1985; Florey et al., 1975; Burke et al., 2006). These tube feet and spines are contractile and used for anchoring, 
movement, and sensory perception (Billack et al., 1998). Although their nervous system structure is very different, genome sequencing 
has revealed that Strongylocentrotus purpuratus share many of the same neurotransmitters as humans and other vertebrates. Genes 
encoding for voltage-gated ion channels and a large group of G-protein coupled receptors were identified (Burke et al., 2006).
While we have identified the presence of these neurotransmitters, we do not know their function in Strongylocentrotus purpuratus, but 
they are expected to be involved in urchin sensory perception, behavior, and movement (Burke et al., 2006). Studies have shown that 
certain chemicals and neuromodulators can affect sea urchin behavior and motility, further indicating the role of these neurotransmitters 
(Shah et al., 2018).
As genes encoding for other types of ion channels were identified, we aimed to investigate if another commonly utilized ion channel in 
vertebrates was present, ligand gated ion channels. One commonly utilized type of ligand gated ion channels are AMPA receptors, that 
when activated by the binding of glutamate excites the neuron (Madden, 2002). Glutamate oversaturation has been shown the desensitize 
AMPA receptors and prevent ion transmission (Robert et al., 2003). This occurs because as AMPA receptors are tetrameric proteins, 
when glutamate binds the channel is activated but when glutamate binding persists a conformational change occurs, desensitizing the 
protein and preventing ion movement (Robert et al., 2003). Decanoic acid has also been used to block AMPA receptor ion movement by 
acting as a non-competitive inhibitor (Chang et al., 2015).
In this study, a neuropharmacological approach was used via the in vivo administration of glutamate and decanoic acid, an AMPA 
receptor inhibitor, to further study the role of neurotransmitter systems in the behavior and locomotion of the purple sea urchin.
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Figure 3: The Effects of Varying Decanoic acid Concentrations in 
0.8% DMSO on the Urchin Righting Response. A) Bar graph 
comparing mean righting time (s) between control (n =7,mean = 235.2 
sec, SEM = 64.8 sec) and 100 μM decanoic acid (n=7, mean=867.4 sec, 
SEM=43.1 sec). B) Bar graph comparing mean righting time (s) between 
control (n =7, mean = 156.3 sec, SEM = 35.1 sec) and 1 μM decanoic 
acid (n =7, mean = 743.3 sec, SEM = 145.2 sec). C) Bar graph 
comparing mean righting time (s) between control (n =8, mean = 182.4 
sec, SEM = 110.2 sec) and 0.1 μM decanoic acid (n =8, mean = 489.6 
sec, SEM = 169.9 sec). D) Bar graph comparing mean righting time (s) 
between control (n=7, mean = 178.1, SEM = 46.1) and 0.01µM decanoic 
acid (n=7, mean = 584.4, SEM = 136.1). E) Dose response curve 
showing the inhibitory effects of decanoic acid on mean urchin righting 
response. All doses were significant when compared to control with a p-
value< 0.01. When using decanoic acid we had difficulty keeping the 
decanoic acid in solution after administering it to the ASW tanks. As 
decanoic acid is not soluble in water, stocks were made in DMSO 
(Dimethyl Sulfoxide). Beginning at 0.1% DMSO concentration decanoic 
acid would not remain in solution until and DMSO concertation of 0.8-
1% was determined to effectively keep the drug in solution.
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Figure 5: The Effect of 1 mM glutamate and 1% DMSO on the 
Urchin Righting Response. A) Bar graph comparing mean 
righting time of control (n =6, mean = 140.2 sec, SEM = 54.2 sec) 
vs 1 mM glutamate (n =6, mean = 223.3 sec, SEM = 33.8 sec). B) 
Bar graph comparing mean righting time (s) between control (n =7, 
mean = 270.3 sec, SEM = 45.4 sec) and 1% DMSO (n =6, mean = 
242.0 sec, SEM = 54.4 sec). 1% DMSO righting effects were tested 
to determine if 1% DMSO had an inhibitory effect that would 
compound with decanoic acid’s inhibitory effects. 1 mM glutamate 
righting effects were tested to determine if glutamate AMPA 
receptor desensitization had an inhibitory effect on the righting 
response. ANOVA analysis found no significant difference 
between conditions and the control indicating that 1% DMSO and 
1 mM glutamate did not have an effect on the righting response.
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Figure 4: The Effect of 1% DMSO and 100 μM Decanoic acid 
on Urchin Motility. A) Bar graph comparing relative tub foot 
motility between control (n =10, mean = 468.3 events, SEM = 32.5 
events) and 100 μM decanoic acid (n =10, mean = 387.8 events, 
SEM = 48.5 events). B) Bar graph comparing relative tub foot 
motility between control (n =8, mean = 382.6 events, SEM = 25.7 
events) and 1% DMSO (n =8, mean = 435.5 events, SEM = 37.6 
events). 1% DMSO motility effects were examined to determine if 
its inhibitory effects were compounding with decanoic acid’s. 
Decanoic acid motility effects were examined to determine if 
decanoic acid AMPA receptor inhibition effected urchin motility. 
ANOVA analysis found no significant difference between the 
conditions and control indicating 1% DMSO and 100 μM decanoic 
acid do not inhibit urchin motility. 
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Figure 1: Photo of urchin in isolated motility 
tank with circle template. 

Figure 2: Photo of motility assay 
recording set up. 


